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1 Introduction

1.1 Abstract

We use an online experiment to study how a team’s gender composition affects

team communication, team output, and preferences for further teamwork. In

the first stage of the experiment, randomly composed teams of four meet in an

online chat room and work on a series of complex single choice problems under

a team piece rate. Team members can communicate via a group audio chat while

working on the task. The teams’ gender composition varies between all-male,

all-female, and mixed (two females and two males). In the second stage of the

experiment, each subject meets another subject from a different first-stage team

in an online chat room for a short period of time. Subjects then individually

state their preference for working on the task individually, or in a team with

the other subject. We also elicit the subjects’ beliefs about the productivity of

individual work and teamwork, and beliefs about team communication. Using

digitized data on team communication from the first stage, we ask how a team’s

gender composition affects team communication, and whether differences in

communication translate into differences in team output. Exploiting choice data

and beliefs from the second stage, we explore how being assigned to either a

gender-diverse or a gender-homogenous team in the first stage affects subjects’

beliefs about and preferences for teamwork.

1.2 Motivation

Teamwork has become ubiquitous [Bandiera et al., 2013; Owan, 2014] and is

widely considered a major component determining the success of organizations

[Ichniowski et al., 1997; Ichniowski and Shaw, 1999]. To a large extent, the

rise of teamwork reflects the notion that due to complementarities in skills,

team workers can be more productive than individual workers alone [Lazear,

1999; Lazear and Shaw, 2007; Mas and Moretti, 2009]. More broadly, following

the idea of possible complementarities, the literature has studied performance

differences between homogenous and diverse teams along several dimensions

other than skills, most prominently culture and language [Hoogendoorn and

Van Praag, 2012; Hamilton et al., 2012; Hjort, 2014; Lyons, 2017; Marx et al.,

2021] and gender [Adams and Ferreira, 2009; Apesteguia et al., 2012; Hoogen-

doorn et al., 2013; Adams et al., 2015]. While the literature has made con-
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siderable progress in understanding the role of diversity for team performance,

important questions remain. First, evidence on the channels through which di-

versity affects team production and team output is sparse. Second, while many

papers have studied the short-term effects of diversity on team performance, we

know little about how team diversity affects workers’ perception of teamwork as

a job amenity [Hamilton et al., 2003; Maestas et al., 2018; Cooper et al., 2021].
We address these gaps by means of an online experiment that induces exoge-

nous variation in the gender composition of teams working on a complex real-

effort team task. Our main interest is twofold. First, we study how the gender

composition of teams affects team communication, and whether differences in

team communication translate into effects on team output. Although the impor-

tance of communication for success in teams is widely acknowledged [Hinds and

Mortensen, 2005; Woolley et al., 2010], few studies have explicitly considered

differences in communication between gender-diverse and gender-homogenous

teams. To make progress in this direction, we fully digitize the verbal communi-

cation within teams and analyze it qualitatively and quantitatively. Second, we

explore how being a member of a gender-diverse team (as opposed to a gender-

homogenous team) affects subjects’ beliefs about and preferences for teamwork.

Our design thus links the literature on how gender diversity affects team produc-

tivity to the literature on endogenous team formation [Kuhn and Villeval, 2015;

Cooper et al., 2021; Dahl et al., 2021].
In the online experiment, we invite students of a large public university in

Germany for a task to be performed online at a specific time. Randomly com-

posed teams of four meet in an online chat room. The randomization ensures

that each team consists of two subjects with above-average and two subjects

with below-average cognitive skills, where cognitive skills are measured by the

student’s A-level GPA. The teams’ gender composition varies between all-male,

all-female, and mixed (two females and two males). The experiment has two

stages. In the first stage, teams jointly work on a complex real effort task con-

sisting of ten single-choice problems for 30 minutes. While working on the task,

subjects can communicate via a group audio chat. Each team member receives

a bonus for each problem provided that all team members mark the correct an-

swer. In the second stage of the experiment, each subject meets another subject

from a different first-stage team in an online chat room for a short period of time.

Subjects then individually state their preference for working on a similar task as

in the first stage individually, or in a team with the other subject. We also elicit

the subjects’ beliefs about the productivity of individual work and teamwork,
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together with beliefs about team communication.

We believe our design has several advantages relative to alternative settings

like, for instance, a laboratory experiment or a natural field experiment. First,

subjects collaborate with their teammates via an online conference tool. This

mode of social interaction has become extremely common in private as well

as professional contexts during the COVID-19 pandemic, in particular for our

subjects who are university students. The setting of our experiment is thus one

that allows subjects to interact in a rather natural way. Second, a big advantage

of our design is that we can record the subjects’ verbal communication. Relative

to previous research, this feature allows us to describe and analyze the role of

communication for teamwork in a much more comprehensive way. Importantly,

it would have been very difficult to come up with a similarly suitable way of

measuring the teams’ communication in a natural field experiment.

The project adds to an extensive literature on how the gender composition of

teams affects team performance. A first strand of literature [reviewed by Adams

et al., 2015] studies the effect of female members in corporate boards on board

decision making and firm outcomes. The evidence from this body of literature is

mixed, with some papers finding positive effects on firm performance [Campbell

and Mínguez-Vera, 2008; Terjesen et al., 2016], while others find none [Chap-

ple and Humphrey, 2014] or even negative effects [Adams and Ferreira, 2009;

Ahern and Dittmar, 2012; Matsa and Miller, 2013]. Related to the literature on

boards, further work exploiting observational data includes Fenwick and Neal

[2001], who use data from a business simulation game and find that team per-

formance is positively related to the number of women in a team. Also analyz-

ing a student business game, Apesteguia et al. [2012] find that all-female teams

are outperformed by teams of all other gender compositions, including all-male

teams.

A second strand of literature uses experimental designs to identify the effect

of gender diversity on team performance. Hoogendoorn et al. [2013] exploit

a field experiment with undergraduate students in business studies who start

up a venture as part of their curriculum. Students are randomly assigned to

form business teams and run their business for one academic year. Based on

43 business teams, the results indicate that the businesses’ sales and profits in-

crease when the share of women increases from a low to an intermediate level.

The study also investigates various possible channels through which gender di-

versity could affect team performance, including complementarities, learning,

monitoring, and dealing with internal conflicts. The authors do not find sup-
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port for any of these channels. Lamiraud and Vranceanu [2018] also conduct

a randomized experiment within a student business game with groups of five

and show that all-male and mixed teams perform significantly better than all-

female teams. Marx et al. [2021] randomize gender diversity in working teams

in Kenya and find that gender-homogeneous teams perform significantly better

than gender-diverse teams.1

While there exists an extensive literature on gender diversity and team per-

formance, the channels through which the gender composition might affect a

team’s performance have rarely been addressed. Woolley et al. [2010] study the

collective intelligence of teams and find that an increasing proportion of females

and a more equal distribution of conversational turn-taking increases group in-

telligence. However, these results seem largely mediated by females scoring

higher in terms of social sensitivity. Charness et al. [2020] focus on the cost of

communication. In a part of their laboratory experiment, group members can

send unlimited free-form chat messages to assist their group leader in filling out

a puzzle. The authors find congestion effects in team communication and docu-

ment that, as a result, individuals outperform teams. The evidence in Charness

et al. [2020] is thus in contrast to Hamilton et al. [2003] and Cooper and Kagel

[2005], who show that teams tend to outperform individuals in solving complex

tasks, and suggests that, at least in certain cases, the performance of teams might

actually be improved by reducing the amount of communication. Charness et al.

[2020] also document that groups with a majority of women outperform those

with a majority of men. However, the experiment was not designed to study the

effect of teams’ gender composition, and no evidence is presented on the specific

channels through which the effect might work. Related evidence on the link be-

tween diversity and communication costs comes from Lyons [2017], who sets up

a field experiment on an online market for contract labor to analyze the interac-

tion between teamwork (as opposed to individual work) and national diversity.

Studying groups of two workers, the main result of the paper is that teamwork

improves performance in nationally homogeneous groups, but decreases perfor-

mance in nationally diverse groups. The author interprets these findings as evi-

dence for high communication costs in diverse teams counteracting the benefits

of teamwork. Keck and Tang [2018] show that groups with female members are

less overconfident and therefore more precise in their group confidence judge-

1For further references on the link between gender composition and team performance, see
Azmat and Petrongolo [2014]. The early psychological literature on the effects of gender diver-
sity in teams is reviewed in, e.g., Bowers et al. [2000] and Bell et al. [2011].
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ments, an effect that appears to be mediated by the group-level communication

intensity.

Finally, the project also contributes to an emerging literature on endogenous

team formation. Kuhn and Villeval [2015] use a laboratory study following the

experimental paradigm of Niederle and Vesterlund [2007] and demonstrate that

in a setting without positive synergies from team production, women tend to

choose team-based pay more often than men. The gender difference in choices

is at least partly driven by women being more optimistic about their prospective

teammate’s ability.2 Hamilton et al. [2003] study a garment company switch-

ing from individual piece rates to team compensation and find that the most

skilled workers are disproportionately more likely to join a team voluntarily even

though team compensation often harms their earnings. Following up on this

striking result, Cooper et al. [2021] use a laboratory experiment and show that

high ability subjects tend to avoid teams with revenue sharing. When communi-

cation is possible, the data suggest that high ability workers join teams because

of expected future financial gains from teaching less skilled teammates. Finally,

our work also relates to Dahl et al. [2021], who demonstrate that male recruits

in the military of Norway who lived and worked with women for eight weeks

during boot camp have (at least temporarily) more egalitarian attitudes and are

more likely to think that mixed-gender teams perform as well or better than

same-gender teams.

1.3 Research Questions

We investigate the following research questions:

• Does a team’s gender composition affect communication among team

members?

• Does a team’s gender composition affect team performance?

• How does a team’s gender composition affect the team members’ prefer-

ence for further teamwork?
2Dohmen and Falk [2011] study gender differences in the choice between a fixed wage and

several variable pay schemes, including revenue sharing. In our experiment, subjects choose
between an individual and a team piece rate.
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2 Experimental Design

2.1 Summary of the Experimental Design

The experiment will be implemented as an online experiment with students of

a large public university in Germany.3 Many students enrolled at the university

are registered with a university-wide mailing list used by researchers to invite

registered students to surveys and other research-related tasks that can be con-

ducted online. To collect our data, we invite random subsamples of students on

the mailing list via email to participate in an online session at a specific time. We

instruct subjects in the invitation to make sure that they are in a quiet working

space with good online connectivity while participating in their session.

Each session consists of two stages (for experimental instructions, see the

Appendix). In stage 1, we form randomly composed teams of four who meet

in an online browser-based chat room to work on a complex real effort task for

30 minutes. The teams’ gender composition varies between all-male, all-female,

and mixed (two males and two females). The real effort task consists of ten

single-choice problems. Each team member receives a bonus for each problem

provided that all team members mark the correct answer. While working on

the task, subjects can communicate via a group audio chat. Stage 1 ends with a

short survey that subjects fill out individually. In stage 2 of each session, we form

randomly composed pairs of two subjects who have not met in stage 1. Team

members meet in an online chat room for a short period of time. During that

time, the subjects perform a simple task that requires them to talk to each other.

Once the audio chat is closed, we inform subjects about the possibility that they

will work on another task similar to the one in stage 1 for 15 minutes, and ask

subjects to state their preference for working on the task individually or in a

team with the subject they met in the chat room. Before eliciting the preference,

we inform subjects about a random draw with three possible outcomes: (a) both

subjects who met will work on the task individually, irrespective of their stated

preferences; (b) their stated preferences will be implemented; and (c) they will

not work on the task at all. We also elicit subjects’ beliefs about productivities

(individual and team productivity), and beliefs about team communication and

interaction should the subject work with the potential teammate.4 We then im-

3Our experiment is programmed with oTree [Chen et al., 2016].
4We decided not to elicit preferences and beliefs in the baseline because we were concerned

that social desirability concerns and/or experimenter demand would distort the subjects’ behav-
ior and communication in stage 1.
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plement the random draw regarding the task, and (if determined by the draw)

subjects work on the task. The session ends with a brief survey.

2.2 Task Stage 1

In stage 1, all teams work on the same set of 10 single choice problems, grouped

into two blocks A and B comprising 5 problems each. We developed the task

based on publicly available samples of tasks used to measure applicants’ problem

solving skills in assessment centers.

At the beginning of each block of problems, subjects obtain access on their

screens to complex information material consisting of written text, tables and/or

figures. Subjects see the material on their computer screens and get sufficient

time to study the material. When the assigned reading time is over, the subjects’

screens display the block’s first problem, consisting of four written statements on

the material presented before. Subjects in a team have three minutes to discuss

the material and the statements. We instruct subjects that one out of the four

statements is true, and that their task is to mark the correct statement. We also

instruct subjects that they receive a bonus for a given problem only if all team

members mark the correct statement before the three minutes are up. Subjects

can always access the full information material while working on a block of prob-

lems, but they cannot return to problems once the time for solving this specific

problem is up. During the time windows given for reading the information ma-

terial and while working on the problems, the audio chat is open. Hence, team

members can always communicate while working on the task. Once the three

minutes for a problem are up, the next problem (again four statements) is dis-

played on the screen. Sometimes additional information material is displayed

between problems within a block. In those cases, subjects get additional read-

ing time. The timing of the experiment is fixed, and all subjects in a team are

redirected to the next page at exactly the same time.

2.3 Gender Compositions Stage 1

In stage 1 of each session, subjects are randomly assigned to teams of four. The

teams’ gender composition varies between all-male, all-female, and mixed (two

females and two males).
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2.4 Gender Compositions Stage 2

In stage 2 of each session, subjects are randomly assigned to pairs of two. The

pairs’ gender composition varies between all-male, all-female, and mixed (one

female and one male).

2.5 Elicitation of Preferences for Teamwork in Stage 2

The purpose of stage 2 is to elicit the subjects’ preferences for teamwork, condi-

tional on their team’s gender composition in stage 1 and their teammate’s gender

in a possible teamwork in stage 2. To elicit preferences, we proceed as follows.

First, we randomly form pairs of two subjects who have not met in stage 1. The

pairs meet in an audio chat room for one minute. Each subject’s screen displays

a 5-digit random number. Subjects are instructed to exchange the numbers and

insert the other subject’s number in a field. This feature of the design makes sure

that the subjects talk to each other and thereby note each other’s gender.5 All

subjects progress to the following parts, irrespective of whether they enter the

correct number or not. Once the audio chat is closed, we inform subjects about

the possibility that they will work on another task similar to the one in stage

1 for 15 minutes, and ask subjects to state their preference for working on the

task individually or in a two-person team with the subject they met in the chat

room. Before eliciting the preference, we inform subjects about a random draw

with three possible outcomes: (a) both subjects who met will work on the task

individually, irrespective of their stated preferences; (b) their stated preferences

will be implemented as follows: they work as a team if they both indicated this

as their preferred option, and they both work individually otherwise; and (c)

they will not work on the task at all. We then elicit subjects’ preferences for

teamwork by asking them whether they would prefer to work on the task indi-

vidually, or in a team with the subject they met in the chat room. We also elicit

subjects’ beliefs about their own productivity when working on the task individ-

ually, the other subject’s productivity when working on the task individually, and

team productivity when working with the subject. In addition, we elicit beliefs

about team communication and interaction should the subject work with the

potential teammate. We then implement the random draw regarding the task.

5The communication in this part of the experiment is also recorded. The main reason is that
we want to be able to document that the subjects do talk to each other in ways that plausibly
enables the subjects to infer the other subject’s gender. We do not plan to digitize the communi-
cation in this part.
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The random draw makes sure that the elicitation of preferences for teamwork

is incentive-compatible. It also addresses the concern that subjects might indi-

cate a preference for individual work due to an aversion against a situation that

would reveal that one has been rejected as a teammate by the potential partner,

or an aversion to reveal to the potential teammate that one has rejected her. Be-

sides explaining the random draw, we explicitly point subjects to the possibility

that their stated preferences matter, but that it is also possible that they will work

individually no matter what they and the other subject have indicated as their

preference, or not work on the task at all.

2.6 Experimental Procedures

Subjects are invited for sessions taking part at a specific time. Using a link pro-

vided in the invitation email, they enter a webpage. A page with basic instruc-

tions informs subjects that they take part in a scientific study, that they will inter-

act with other subjects via an audio chat, and that the audio will be recorded for

research purposes. Only subjects who give explicit consent to the recording and

to the linking of the data generated during the experiment with administrative

data from the university registry can participate. Subjects are then redirected

to a microphone test. Next, subjects see a screen with instructions. We inform

subjects that they will receive a show-up fee of €10 and that they will work on

a series of 10 single-choice problems in a team together with three other sub-

jects they will meet in an audio chat room. We also inform them about a piece

rate of €1 for each correctly solved question, and that the piece rate will only

be paid if all team members mark the correct statement. We add a statement

that further money can be earned in a later stage. We then connect the team

members via the chat room for stage 1. Teams have some time to say hello to

each other. In the chat room, the subjects of a team are labelled from 1 to 4

(the order is randomly determined). Each team member’s number is shown as

an avatar in the audio chat and we visualize who is currently speaking. This

enables subjects to directly address each other. Next, we instruct the subjects

to familiarize themselves with further written technical instructions, including

how to reconnect if the internet connection is lost.6 After that, the information

material for the first block of problems is displayed, and teams start working

6We inform subjects that all team members’ participation in the study will be terminated if
one or more team members are not connected to the chat room for more than 90 seconds. In
case this happens, all team members receive the show-up fee, but no bonus.
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on the problems. With 10 problems and 3 minutes to work on each problem in

stage 1, teams work on the task for a total of 30 minutes (net of the time given

for reading the information material).

Once the work on the task is completed, the chat room is closed and sub-

jects answer survey 1 individually. The survey contains several items that elicit

the subjects’ perceptions of team communication and interaction (whether team

communication was positive, whether it was cooperative, whether working

jointly on task was enjoyable, plus items on quantity of communication, dis-

tribution of shares of speech, and interruptions), the belief about how many

problems the team has answered correctly, and the belief about how much one

has contributed to team output. We also ask subjects to indicate how many of

the other subjects in their team they believe were female. In order not to reveal

the purpose of the study, we also ask subjects how many of the other subjects in

the team they believe are enrolled in certain fields of study, and how many they

believe have completed at least two semesters at university.

At the beginning of stage 2, we inform subjects about a further stage of the

study, and that they will earn an additional flat payment of €2.7 We inform

subjects that they will meet another subject in the chat room for one minute.

Subjects are randomly assigned to form pairs of two. To form pairs, we ran-

domly determine pairs of first-stage teams and randomly match subjects across

teams. This makes sure that the newly formed pairs of two consist of subjects

who have not met in stage 1. To make sure that subjects in a pair talk to each

other, we display a random five-digit number on each subject’s screen. Subjects

are instructed to fill in the other subject’s number in a field on their screen. Once

the chat room is closed again, we inform subjects about the possibility that they

will work on another task similar to the one in stage 1 for 15 minutes, and ask

subjects to state their preference for working on the task individually or in a team

with the subject they met in the chat room. The instructions also explain the ran-

dom draw that determines which of the following scenarios will be implemented:

(a) both subjects who met will work on the task individually, irrespective of their

stated preferences; (b) their stated preferences will be implemented as follows:

they work as a team if they both indicated this as their preferred option, and

they both work individually otherwise; or (c) the subjects will not work on the

task at all. The subjects then state their preferences for teamwork (binary choice

between individual work or teamwork). The subjects’ beliefs about their indi-

7We inform subjects that they will receive the payment of 2€only if they complete stage 2
and do not skip any step.
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vidual productivity is elicited as follows: we ask subjects to imagine they would

work individually on a task similar to the one they have worked on in stage 1,

but that the task would comprise 4 blocks of 5 problems each, giving a total of

20 problems. Given a piece rate of€1 per correctly solved problem, we ask sub-

jects to indicate how many problems they believe they would solve. Similarly, we

ask subjects to indicate how many problems (out of 20) they believe the other

subject would solve correctly when working on the task individually. Finally,

we ask the subjects to state how many problems they believe they would solve

when working with the other subject in a team under conditions as in stage 1.8

In addition, we elicit beliefs about team communication and interaction should

the subject work with the potential teammate. For that purpose, we use similar

items as in stage 1. Specifically, we use items measuring subjects’ beliefs about

whether the communications would be positive, whether it would be coopera-

tive, and whether working jointly with the potential teammate on task would

be enjoyable. Finally, survey 2 elicits the subjects’ perception of the potential

teammate’s gender. In order not to reveal the purpose of the study, we also ask

subjects if they believe the potential teammate is enrolled in certain fields of

study and has completed at least two semesters at university.

The random draw regarding the subjects’ actual work on the task will be

parameterized such that (a) the probability for individual work irrespective of

stated preferences is 5%, (b) the probability for the stated preferences to be

implemented is 5%, and (c) the probability for no work on the task at all is 90%.

The experiment ends with survey 3, eliciting the Big-5 personality traits.

We use a 15-item survey introduced by Gerlitz and Schupp [2005] to mea-

sure openness, conscientiousness, extraversion, agreeableness, and neuroticism.

Timeline

1. Invitation

• Random subset of individuals on mailing list receives email invitation

• Invitation contains specific time and date at which the individuals can

participate
8The elicitation of beliefs uses a frame with 20 problems to enable subjects to express beliefs

about relatively small productivity differences.
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2. Instructions

• Subjects receive instructions and are informed about payoff schedule

• Subjects are randomly assigned into teams (all-female, all-male, and

mixed)

• Audio chat opens

Stage 1

3. Real-Effort Team Task

• Subjects read information material

• Subjects work on 10 single-choice problems

• Audio chat closes

4. Survey 1

• Perceptions regarding team communication and interaction

• Belief about team output and perception of own contribution to team

output

• Number of females among teammates

Stage 2

5. Elicitation of Preference for Teamwork

• Audio chat opens

• Subjects meet randomly drawn subject from a different stage 1-team

in the chat room (“potential teammate”)

• Audio chat closes

• Subjects state preference for individual or teamwork with potential

teammate (binary choice)

• Subjects state belief about own productivity if working on the task

individually, potential teammate’s productivity if working on the task

individually, and team productivity if working on the task together

with potential teammate

15



• Subjects state belief about team communication and interaction

6. Survey 2: potential teammate’s gender

7. Random draw: (a) individual work, (b) work according to stated prefer-

ences, or (c) no work on the task at all

8. Real-Effort Task Stage 2

• If (a): Individual work

• If (b): Work according to stated preferences (individual, or team-

work)

• If (c): No work on the task at all

9. Survey 3: Big-5 personality traits

10. Information on total payoff and payment preferences (voucher or bank

transfer)

2.7 Sampling

Subject Pool Our sampling frame draws on all subjects on the university’s mail-

ing list. To define the pool of subjects to be invited, we first exclude the following

groups:

• graduate or exchange students

• students above age 33

• students whose A-level certificate suggests their German might not be flu-

ent (A-level earned abroad and nationality not German)

We aim at a subject pool that allows us to invite random subsamples to ex-

perimental sessions such that key individual characteristics, including the A-

level GPA, are balanced between female and male subjects. We therefore apply

propensity score matching to trim the subject pool by excluding subjects who do

not have a sufficiently similar twin of the opposite gender. This removes mostly
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Table 1: Individual Characteristics of Subjects in Subject Pool

Mean SD
Female 0.501 0.500
Age 22.3 3.0
Foreign 0.048 0.213
Grade A-level 232.1 62.6
A-level Track=Gymnasium 0.820 0.384
Master Student 0.194 0.395
Arts & Humanities 0.238 0.426
Engineering 0.211 0.408
Natural Sciences 0.115 0.319
Economics & Business 0.227 0.419
Medicine & Law 0.210 0.408

This table shows the individual characteristics of the

subjects in the subject pool as of June 2021 (=6449)

females with an above-average A-level GPA from the subject pool. After applying

these restrictions, the subject pool consists of about 6,400 subjects.

Characteristics of Subjects in the Subject Pool Table 1 reports individual char-

acteristics of subjects after applying the aforementioned restrictions. It should

be noted that the subject pool changes over time, due to students withdrawing

from the mailing list and new registrations.

Recruitment For each session, we invite a random subsample of subjects in the

pool via email. The email invites the recipient to perform an online task (called

an “online minijob”) that will last less than one hour. Neither in the invitation

email nor during the session, subjects are informed that they take part in an ex-

periment. Subjects are invited for a specific time and receive a reminder email a

few hours before the session starts. Subjects who do not respond to the invitation

for a given session or show up late may be invited for later sessions.

Formation of Teams in Stage 1 Our aim is to form teams of four subjects for the

first stage of the experiment such that, independent of the teams’ gender compo-

sition, the teams’ composition in terms of subjects’ cognitive skills is drawn from

the same distribution. Due to possible gender differences in self-selection into

participation, it is not sufficient to rely on simple random sampling to achieve

this.

To solve the problem, we rely on the GPA of the subjects’ university entrance

qualification as a comprehensive measure of cognitive skills. To ensure a bal-
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anced team-level composition of cognitive skills across all teams, we proceed

in two steps. First, for all subjects in the subject pool (after applying the re-

strictions discussed above), we define an indicator variable for above-average

cognitive skills at the level of the individual i, hi, and an indicator for females,

fi. Based on those indicators, we assign each subject in a given experimental ses-

sion to one of four bins, A, B, C , D. A consists of all subjects with (hi = 1, fi = 1).
B consists of all subjects with (hi = 1, fi = 0), C consists of all subjects with

(hi = 0, fi = 1), and D consists of all subjects with (hi = 0, fi = 0). Second,

when randomly assigning subjects to teams, each team is formed by drawing

two individuals from high-skills bins (hi = 1), and two individuals from low-

skills bins (hi = 0). Specifically, when composing an all-female team, we draw

from bins A and C (two subjects from each bin), and when forming an all-male

team, we draw from bins B and D (two subjects from each bin). When form-

ing mixed teams, we draw either from bins A and D (two subjects from each

bin), or from bins B and C (two subjects from each bin), or we draw one subject

from each bin. The randomization scheme thus makes sure that all teams are

drawn from the same distribution of team-level compositions in terms of cog-

nitive skills, despite the fact that ex-ante, female and male subjects in a given

session will generally differ on average in cognitive skills. Subjects who cannot

be assigned to a team are informed that they cannot participate in the given

session and receive a show-up fee of €2.

Formation of Teams in Stage 2 In stage 2, subjects are randomly assigned to

a potential teammate from another first-stage team. First, we randomly form

pairs of first-stage teams. Second, for each pair of teams, we randomly select

one team and randomly assign each subject a subject from the other team. If the

number of first-stage teams in a session is odd, we randomly select three first-

stage teams, then randomly select six subjects from the teams, and randomly

assign each of them one of the remaining subjects from a different team. With

all remaining first-stage teams, we proceed as described before.

2.8 Exclusions

We apply the following rules to define the estimation sample: In stage 1, teams

drop out of the experiment if one or more subjects from the team leave the chat

room for more than 90 seconds. If teams drop out, we will not consider their

data. All subject who finish stage 1 enter stage 2. In stage 2, subjects drop out

of the experiment if they do not show up in the chat room, or if they are not
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matched to another subject.9 We let all subjects who take part in the stage-2

matching finish the experiment, irrespective of whether they skip (parts of) the

preference and beliefs elicitation. The reason is that we want to collect the Big-5

personality traits in survey 3 from as many subjects as possible. Subjects who

skip preference and/or beliefs elicitation questions will not be considered when

studying any of the outcomes derived from stage 2. We will also exclude stage-2

observations from subjects who did not enter the correct 5-digit number while

being matched to another subjects at the beginning of stage 2.

2.9 Planned Sample Size

To test the functionality of the website and to learn about participation rates,

we ran several pilot sessions in the spring of 2021. In these pilot sessions, we

implemented only stage 1 of the experimental design. While participation rates

in our subject pool for tasks that the subjects can do flexibly at any time often

reach 60 percent, participation rates in the first pilot sessions were much lower,

most of the time well below 10 percent. We suspect this is mostly due to the

fact that subjects can participate only at a given time, offering less flexibility. For

several reasons, data collection in our experimental design is quite inefficient

when sessions are small. First, due to the need to form teams of four of a certain

composition in terms of gender and cognitive skills, in small sessions often a large

share of the subjects who show up has to be turned down. Second, in stage 2 of

the experiment, pairs of subjects are formed across first-stage teams, implying

that the inference for estimations using data from stage 2 needs to account for

clusters comprising at least two first-round teams. In each session with an odd

number of first-stage teams, one of the clusters necessarily comprises three first-

stage teams (see below for details on the second-stage sampling). Hence, for a

given sample size, in expectation the number of second-stage clusters decreases

in the number of sessions needed to collect the data.

To improve the efficiency of data collection, we adjusted the invitation pro-

cedure in a stepwise manner (text of invitation email, timing of sessions, timing

of reminder, number of subjects invited, etc.). Over several pilot sessions, we

managed to increase the participation rate, but we hit a ceiling at about 10 per-

cent. As we do not know how participation rates will evolve when subjects are

invited repeatedly, we are unsure how many subjects from the pool we will be

9This can happen if, for instance, subjects drop out in survey 1 and do not enter stage 2. We
may then be left with an odd number of subjects for the stage-2 matching.
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able to recruit for the experiment. We believe a final sample size of between 200

and 400 first-stage teams (or between 800 and 1600 subjects) to be realistic, and

report minimum detectable effects for corresponding sample sizes. During the

pilot sessions, we only varied the invitation procedure and left the experimental

design of stage 1 unchanged. We will use the data collected in those sessions

(113 teams in total) when analyzing stage 1 of the experiment. As we did not

implement stage 2 in the pilot sessions, the final sample regarding data collected

in stage 2 will be smaller than the sample collected from stage 1.

We plan to complete data collection during the year 2021. We plan to recruit

new subjects for the subject pool we draw from shortly after the beginning of the

fall term 2021 (October 2021). Based on previous recruiting rounds, we expect

to be able to recruit about 1,000 new subjects. We may run additional sessions

in the fall of 2021 where we invite only newly recruited subjects, following the

same sampling procedures as described above.

2.10 Statistical Power

In the following, we report estimates of minimum detectable effect sizes for sev-

eral main outcomes derived from stage 1. Throughout, we assume a significance

level of 0.05 and power of 0.8. Estimated means and standard deviations are

from pilot sessions. As we do not have any data to estimate means and standard

deviations of second-stage outcomes, we do not provide minimum detectable

effects for second-stage outcomes. We also do not provide minimum detectable

effects for objective first-stage communication outcomes, as we did not digitize

the team communication from the pilot sessions yet.

For the subjective assessment of how positive team communication was

in stage 1, we estimate the team-level mean in gender-homogenous teams to

be 4.6 Likert points, with a standard deviation of 0.41. With a sample of Ng1 =
200 (300, 400) first-stage teams, the minimum detectable effect for differences

between teams of a given gender composition is 0.20 (0.16, 0.14).

Regarding the subjective assessment of how cooperative team communi-

cation was in stage 1, we estimate the team-level mean in gender-homogenous

teams to be 4.6 Likert points, with a standard deviation of 0.37. With a sample

of Ng1 = 200 (300, 400) first-stage teams, the minimum detectable effect for

differences between teams of a given gender composition is 0.18 (0.15, 0.13).

For how much the subjects liked to work with their teammates in stage 1,

we estimate the team-level mean in gender-homogenous teams to be 3.7 Likert
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points, with a standard deviation of 0.56. With a sample of Ng1 = 200 (300,

400) first-stage teams, the minimum detectable effect for differences between

teams of a given gender composition is 0.27 (0.22, 0.19).

We estimate the team-level mean of the number of correctly solved prob-

lems in stage 1 in gender-homogenous teams to be 4.0, with a standard de-

viation of 1.76. With a sample of Ng1 = 200 (300, 400) first-stage teams, the

minimum detectable effect for differences between teams of a given gender com-

position (for instance, mixed vs. all-male teams) is 0.83 (0.68, 0.59).

Regarding estimations at the level of the individual subject, we report mini-

mum detectable effect sizes for gender-specific estimations of the effect of being

in a mixed team, relative to being in a gender-homogenous team. Hence, in each

estimation, we use about half of the overall sample of subjects.

For the subjective assessment of how positive team communication was

in stage 1, we estimate the individual-level mean in all-female teams to be 4.6

Likert points, with a standard deviation of 0.65. With a sample of Ni1 = 800

(1200, 1600) subjects overall (about half of them females), the minimum de-

tectable effect for differences between teams of a given gender composition is

0.26 (0.21, 0.18).

Regarding the subjective assessment of how cooperative team commu-

nication was in stage 1, we estimate the individual-level mean in all-female

teams to be 4.6 Likert points, with a standard deviation of 0.61. With a sample

of Ni1 = 800 (1200, 1600) first-stage teams, the minimum detectable effect for

differences between teams of a given gender composition is 0.24 (0.20, 0.17).

For how much the subjects liked to work with their teammates in stage

1, we estimate the individual-level mean in all-female teams to be 3.6 Likert

points, with a standard deviation of 0.92. With a sample of Ni1 = 800 (1200,

1600) first-stage teams, the minimum detectable effect for differences between

teams of a given gender composition is 0.37 (0.30, 0.26).

Standard deviations in all-male teams are slightly larger, leading to slightly

larger minimum detectable effects for male subjects.

3 Empirical Analysis

This section describes how we will analyze our data once it is available. All the

results will be reported in the paper or appendix. If we run additional specifica-

tions, we will label them non-registered or exploratory in the paper.
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3.1 Balancing Checks and Other Design Checks

3.1.1 Balancing Checks

Team Level We provide balancing checks at the team level for both stages.

Specifically, we test if teams of different gender compositions are balanced ac-

cording to the following team-level characteristics:

• Average of team members’ A-level GPA

• Minimum of team members’ A-level GPA (GPA of subject with lowest mea-

sure of cognitive skills)

• Maximum of team members’ A-level GPA (GPA of subject with highest mea-

sure of cognitive skills)

• Average of team members’ age

• Minimum of team members’ age

• Maximum of team members’ age

• Team share of subjects with a university entrance certificate earned at high

school (“Abitur”)

We tabulate means and standard deviations of the stated variables by gender

composition (all-male, mixed, and all-female teams). We also report p-values of

t-tests for differences in means (mixed vs. all-male, and all-female vs. all-male).

Individual Level We provide balancing checks at the level of the individual

subject for both stages as follows. For the following characteristics

• A-level GPA

• Age

• Indicator for university entrance certificate earned at high school

(“Abitur”),

we tabulate means and standard deviations of the stated variables for female

subjects by the gender composition of the subject’s team (all-female vs. mixed).

We also report p-values of t-tests for differences in means. For male subjects,

we report corresponding statistics (all-male vs. mixed teams). We might include
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other characteristics to the tables that we do not expect to be balanced at the

team level, due to differences between female and male students in the choice

of study programs.

3.1.2 Attrition Checks

We test for systematic attrition in the following ways:

• If subjects drop out in the first stage, their team chat room is closed, and

participation in the experiment is terminated for all subjects in the respec-

tive team. We will check if the probability of teams not completing the

first-stage task differs between teams of different gender composition. For

that purpose, we will consider standardized differences.

• If we find a non-trivial amount of attrition in the second stage (conditional

on completing the first stage), we will check whether observable charac-

teristics of individuals who drop out in the second stage are comparable to

those individuals who do not drop out. For that purpose, we will consider

standardized differences.

3.1.3 Check of Subjects’ Awareness of Their Team’s Gender Composition

We check whether subjects are aware of their team’s gender composition in both

stages. In the first stage, after the task is completed, subjects are asked individ-

ually how many of their teammates they believe were female. From the pilot

session, we expect more than 90 percent of subjects to state the correct number.

If this pattern is confirmed in the full sample, we will ignore the fact that some

subjects are not aware of their team’s gender composition. Note that awareness

is not necessary for the gender composition to affect our main outcomes in the

first stage, as team communication and performance could be driven by a team’s

gender composition even if the team members are not (fully) aware of it. Aware-

ness of the team’s gender composition in the first stage is also not necessary for

most of the effects in second-stage outcomes. Only in the estimations that aim

at identifying the effect of the first-stage gender composition on the preference

for teamwork and beliefs conditional on the potential teammate’s gender in the

second stage, we rely on subjects being aware of the first-stage gender compo-

sition. To the degree that awareness is incomplete, our estimates will identify

intention-to-treat effects.
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In the second stage, after the preference for teamwork and beliefs have

been elicited, subjects are asked individually whether they believe their potential

teammate is female. We expect more than 90 percent of subjects to be aware of

the potential teammate’s gender. If this is confirmed in the data, we will ignore

the fact that awareness is incomplete. This will matter only in the estimations

that condition on the potential teammate’s gender. To the degree that awareness

is incomplete, our estimates will identify intention-to-treat effects.

3.1.4 Check if First-Stage Task Is Gender Neutral

Before we started to pilot the team experiment, we had a sample of 55 subjects

work individually on the first-stage task. The individuals also answered survey

questions on the task and on the Big-5 personality traits. The subjects were

drawn from the same subject pool as the subjects sampled for the team task.

To test if there is a gender difference in individual performance, we regress the

number of correctly solved problems on a female dummy. As controls, we include

the A-level GPA, an indicator for subjects who have obtained their university

entrance certificate at high school (Abitur), age, an indicator for students at

Master level, and indicators for the department the student’s study program is

mainly governed by. To test if there is a gender difference in how the subjects like

the task, we use the response to the respective survey question as the dependent

variable and re-run the same specification.

With 55 individual observations, the power to detect possible gender effects

is quite limited. To assess whether the first-stage task is gender neutral, we ad-

ditionally consider the difference in team-level performance between all-female

and all-male teams (see 3.3 for details on the specification). If the data suggest

that teams of the stated gender compositions perform differently on average, we

will run further sessions to collect more individual observations.

3.2 Text Analysis

Besides subjective assessments of team communication via survey questions, we

also aim to describe team communication objectively. For that purpose, we fully

digitize the teams’ verbal communication.
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3.2.1 Text Preparation

For each team, the audio recording from stage 1 is transcribed following prede-

fined rules. For each verbal contribution by a subject, the transcript includes the

speaker, a time stamp, the spoken text, and any nonverbal expressions (laughing

or sighing). The transcript also marks interruptions by other speakers.

The transcripts are read into python for lemmatizing and part-of-speech tag-

ging. Words not recognized by the lemmatizer are extracted and manually cate-

gorized into words with spelling errors and words with a lemma that is missing

in the list of lemmas. Spelling errors are corrected in the transcript, and missing

lemmas are added to the list of lemmas.

Words like “and” or “of” are categorized as stopwords via a corresponding

list. For the quantitative text analysis, stopwords are maintained. For parts of

the qualitative analysis, in particular the topic analysis (see below for details),

stopwords are removed.

3.2.2 Quantitative Measures

We use several measures capturing how often certain attributes occur in a team’s

communication. If indicated, we also use the respective measures at the level of

the individual subject.

Number of words Mw The number of words gives a simple measure of the

extent of information exchanged between team members [Boies et al., 2015;

Hansen et al., 2017]. We also consider the number of words spoken at the level

of the individual subject.

Number of contributions Mc A second measure for the extent of information

exchanged is the number of contributions at team level. We also consider the

number of contributions at the level of the individual subject.

Number of questions Mq The number of questions could point to coopera-

tive communication behavior, but also indicate that the team communication is

characterized by uncertainty. For example, Hirschman [1994] finds that more

questions are asked in gender-diverse teams, and Mulac et al. [2001] argues that

questions are a more female language feature.
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Number of Interruptions Mi Interruptions could indicate that some subjects

dominate the team communication. Zimmermann and West [1996] shows dif-

ferences in interruption behavior of men and women. Blair-Loy et al. [2017] also

conclude that differences in interruption behavior can exist, at least in certain

settings.

Number Non-Verbal Expressions Ml , Ms The number of laughs is counted by

Ml , while Ms counts sighs. Those measures are meant to capture the non-spoken

sentiment of the team [Del Giudice, 2015].

Number of Hedges Mh Hedges are words or phrases that soften a statement

(“maybe”, “I think”). Mulac et al. [2001] argues that hedges are a more female

language feature.

In addition to the measures capturing how often certain attributes occur in a

team’s communication, we also consider measures for how (un)equally the team

members contribute to the team’s communication. We focus on the number of

words spoken by and the number of contributions made by individual subjects

and use the team-level Herfindahl index (HHI) to derive the distributional mea-

sures. This aspect of our analysis relates our work to Woolley et al. [2010],
who use the variance in turn-taking and show that teams with a few dominating

individuals perform worse.

Distribution of number of words spoken at team level HHI(Mw) The vari-

able HHI(Mw) measures how (un)equally distributed the number of words are

in a team.

Distribution of turn-taking at team level HHI(Mc) The variable HHI(Mc)
measures how (un)equally distributed turn-taking is in a team.

3.2.3 Sentiment Analysis

Sentiment analysis is conducted to capture the sentiment of a team’s verbal com-

munication. For that purpose, we use the German sentiment list SentiWS [Remus

et al., 2010]. The list contains 1,644 positive and 1,827 negative base forms and

their polarity. In total, the list comprises 31,132 inflections.

Sentiment analysis uses natural language processing. We use a lexical ap-

proach combined with selected rules, since there is, to our knowledge, no an-
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notated corpus of spoken German. For each word, we check whether it is a

sentiment word. If so, we count it as a negative or positive sentiment word and

add its polarity to the raw polarity measure.

If negation occurs in a part of a sentence, the polarity of the sentiment words

in that part of the sentence are inverted and previously positive counted senti-

ment words are counted as negative (and vice versa).

Based on pre-tests with annotated corpuses [Clematide et al., 2012; Schmidt

and Burghardt, 2018], we use the true forms of words (instead of their lemmas),

and the polarity is assigned to the base form or inflection in the SentiWS list.

The sentiment analysis will use the following measures (if indicated, we also

use the respective measures at the level of the individual subject):

Polarity of communication Ms The polarity measure is derived as the sum

of the words’ polarities divided by the number of sentiment words. We also

consider polarity at the level of the individual subject.

Ratio of words with positive to words with negative sentiment Mrs The

ratio is based on the sentiment of all words on the SentiWS list.

Variance in sentiment Mvs The polarity of a team member’s share of the con-

versation is derived in the same way as the polarity of the team communication

as a whole. From the individual polarity measures, we derive the variance of

polarity at team level.

3.2.4 Topic Analysis

To study the distribution of topics at team level, we will analyze the communi-

cation for each of the 10 problems in the first stage separately.10 We use Latent

Dirichlet Allocation (LDA) [Blei et al., 2003] to derive the topics. LDA is a gen-

erative probabilistic model that represents a document by topic probabilities.

Since LDA is an unsupervised learning algorithm, no prior categorization of the

data is needed. We plan to assess the performance of the method by propensity

score and/or coherence score. If LDA does not lead to satisfying results, we will

also consider the Markow Model, a Biterm Topic Model, or another approach. If

10We assume that the problems define different topics. In case this distinction turns out not
to be useful, we may also consider topics across problems.

27



none of the models results in meaningful topics, we will follow Gentzkow et al.

[2019] and extract the topics manually.

As a result of the topic analysis, we will get a number of K topics for each

problem. The topics contain a list of words and their probability for the topic.

Afterward, we will calculate the probabilities for the communication in each

team and problem to belong to the topics. The calculated probabilities are based

on the list of words in each topic and the words used by the team members.

This will be done at team level as well as for individual subjects. ψi t p is the

distribution of topics for speaker i in team t in problem p. ψt p is the distribution

of the topics for team t in problem p.

Topical concentration index at team level Mth Following Hansen et al.

[2017], we measure how focused on specific topics a team’s communication is.

For that purpose, we use a Herfindahl index at team level, which we construct

as follows. For each problem and each team, a Herfindahl concentration index

over ψt p is calculated. The average from the 10 problem-level indices gives the

team’s Herfindahl concentration index Mth.

Difference over the team members’ topic distributions Mt b We also cal-

culate the similarity between the topic distribution of subject i and the team

average. For that purpose, we calculate the Bhattacharyya difference for each

individual and each problem,

K
∑

k=1

r

ψk
itpψ

k
tp. (1)

The average from the 10 problem-specific differences will give the difference of

the individual from the team. The average of the individual differences will be

used for the team as Mt b.

Possible alternative difference measures we might consider are the dot prod-

uct similarity, or the Kullback-Leibler difference.11

11The dot product similarity is defined as
∑K

k=1ψ
k
itpψ

k
tp, and the Kullback-Leibler difference

as ex p
�

−
∑K

k=1ψ
k
tp ln
�

ψk
tp

ψk
itp

��

.
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3.3 Treatment Effects

3.3.1 General Information

Estimation Strategy We apply a regression-based estimation approach of the

treatment effects. If not indicated otherwise, we use OLS. If we consider multiple

outcomes that measure a similar construct, we follow Kling et al. [2004] and

calculate average (standardized) effect sizes across multiple outcomes. We also

report OLS results for each equation.

Inference We use Huber-White standard errors. When analyzing outcomes

at the level of the individual subjects from stage 1, we will cluster standard

errors at the first-stage team level. In stage 2, subjects are randomly assigned

to a potential teammate from another first-stage team. For that purpose, we

form pairs of first-stage teams and randomly assign subjects to pairs of potential

teammates across both first-stage teams. To account for potential correlations

originating from first-stage interactions, when analyzing outcomes at the level

of the individual subjects from stage 2, we will cluster standard errors at the

level of the pair of first-stage teams used to assign subjects into pairs of potential

teammates.

In some specifications, we will examine multiple outcomes. In these in-

stances, we correct for multiple hypotheses testing along the lines of the method

proposed by List et al. [2019].

Control variables Gender is an individual characteristic that cannot be varied

by the researcher. As a result, the gender composition of teams cannot be varied

independently of the team members’ remaining individual characteristics. As

detailed in 2.7, our sampling frame aims at making sure that the within-team

distribution of cognitive skills is identical across teams and independent of the

teams’ gender composition. However, there are other individual characteristics

that correlate with gender, like, for instance, the field of study. To account for the

resulting heterogeneity in team characteristics, we include the following control

variables in our main team-level specifications for first-stage outcomes:

• Average of team members’ A-level GPA

• Minimum of team members’ A-level GPA (GPA of subject with lowest mea-

sure of cognitive skills)

29



• Maximum of team members’ A-level GPA (GPA of subject with highest mea-

sure of cognitive skills)

• Average of team members’ age

• Minimum of team members’ age

• Maximum of team members’ age

• Team share of subjects with a university entrance certificate earned at high

school (“Abitur”)

• Team share of foreigners

• Team share of Master students

• Vector of variables capturing team shares of students in subject categories

The vector of variables capturing team shares of students in certain subject cate-

gories covers rather broad sets of fields of study: Arts & humanities, engineering,

natural sciences, economics and business administration, and medicine and law.

We expect that including the variables capturing the minimum and maximum of

team members’ A-level GPA and age will not affect our results. If this is the case,

we may also drop these variables from the vector of controls.

In specifications using the individual data, we will use the following control

variables:

• A-level GPA

• Age (in years)

• Indicator for university entrance certificate earned at high school

(“Abitur”)

• Indicator for foreigners

• Indicator for Master student

• Vector of indicators for subject categories
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3.3.2 Effects on Team Communication

The data from stage 1 of the experiment are used to analyze how a team’s gen-

der composition affects team communication. We use two types of outcomes:

subjective assessments of team communication elicited via survey questions,

and objective measures. We run estimations both at the level of the teams g,

g = 1, . . . , M , and the level of the individual subject i, i = 1, . . . , N .

At team level, we estimate the specification

Yg = β0 + β1T1F M ,g + β2T1F F,g + X ′gγ+ ug , (2)

where Yg is the team outcome of interest, T1F M ,g is an indicator for gender-

diverse teams in stage 1, and T1F F,g is an indicator for all-female teams. X g

captures the team-level control variables.

Our main communication outcomes for this specification are the quantitative

measures Mw (number of words spoken) and Mc (number of contributions). Ad-

ditionally, we consider as main outcomes the distributional measures HHI(Mw)
and HHI(Mw) and the polarity of team communication Ms. From the subjec-

tive measures, we consider as main outcomes the team averages of the survey

responses to the questions how positive the team communication was, how co-

operative it was, and whether the subjects liked to work with their teammates

(all measured on a 5-point Likert scale). All other communication outcomes are

considered secondary outcomes. The topic analysis is considered exploratory in

nature entirely, and we may decide not to report the results in the paper.

At subject level, we estimate the specification

Yi = β0 + β1T1F M ,i + X ′iγ+ ui, (3)

where T1F M ,i is an indicator for subjects in gender-diverse teams in stage 1, and

X i captures the individual-level control variables. We run the specification on

all subjects, and separately for female and male subjects. Alternatively, we may

also run

Yi = β0 + β1T1F M ,i + β2T1F M ,i × f emalei + β3 f emalei + X ′iγ+ ui. (4)

Our main communication outcomes for this specification are the individual-

level quantitative measures Mw (number of words spoken) and Mc (number of

contributions). From the subjective measures, we consider as main outcomes
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the subjects’ assessments about how positive the team communication was, how

cooperative it was, and whether the subjects liked to work with their teammates.

All other individual-level communication outcomes are considered secondary

outcomes.

3.3.3 Effects on Team Performance

To test if a team’s gender composition affects team output, we run specification

(2), using the number of correctly solved problems in stage 1 as the outcome.

3.3.4 Mediation Analysis

If we find that a team’s gender composition affects team output, we will try

to shed light on whether communication is a causal mechanism through which

the gender composition affects team performance. The mediation analysis is

conducted at team level and follows the methods suggested by Imai et al. [2011]
and Imai and Yamamoto [2013]. The analysis is exploratory in nature entirely,

and we may not report any mediation analysis if we do not find effects on team

output.

3.3.5 Effects on Beliefs about and Preference for Further Teamwork

Effects on Preference for Teamwork To analyze how a team’s gender compo-

sition in stage 1 affects the preference for teamwork in stage 2, we consider the

following specifications. First, we analyze how the gender composition in stage

1 affects the preference for working in teams. For that purpose, we use speci-

fication (3), where Yi is an indicator for subjects who have stated a preference

for teamwork (as opposed to individual work). To explore gender differences in

how the exposure to a gender-diverse team environment in the first stage affects

preferences, we also run the regression separately for female and male subjects.

Alternatively, we may also run an interacted model following (4).

Second, to explore how the preference for teamwork depends on the poten-

tial teammate’s gender in stage 2, we estimate, separately for female subjects

and male subjects, the interacted model

Yi = β0 + β1T1F M ,i + β2T2F M ,i + β3T1F M ,i × T2F M ,i + X ′iγ+ ui, (5)

where T2F M ,i is an indicator for individuals who have been paired with a po-

tential teammate of the opposite gender in stage 2. If the coefficients β1, β2, β3
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have the same signs in both estimations (i.e., for female and male subjects), we

may also, as a secondary specification, estimate the model using all subjects.

Effects on Beliefs About Productivity To analyze how a team’s gender compo-

sition in stage 1 affects beliefs about productivity in stage 2, we consider similar

specifications as the ones discussed in the previous paragraph. First, we use (3)

and (4) to analyze how the gender composition in stage 1 affects beliefs about

output. For that purpose, we use three different variables capturing beliefs as

outcomes, Yi: a subject’s belief about the number of correctly solved problems

if she works individually on the task, her belief about the number of correctly

solved problems if the potential teammate works individually on the task, and

her belief about the number of correctly solved problems if she works together

with the teammate on the task. Second, we will also explore how beliefs de-

pend on the gender composition in stage 1, the potential teammate’s gender,

and the interaction between the two. For that purpose, we use (5), again sepa-

rately for female subjects and male subjects, using elicited beliefs as outcomes.

If we find for all three outcomes that the coefficients β1, β2, β3 have the same

signs in both regressions (i.e., for female and male subjects), we may also, as a

secondary specification, estimate the model using all subjects.

Effects on Communication-Related Beliefs To analyze how a team’s gender

composition in stage 1 affects beliefs about team communication in stage 2, we

consider the same specifications as discussed in the previous paragraph. The

only difference is that Yi captures a subject’s belief about how positive and co-

operative the communication would be if the subject would work together with

the potential teammate on the task.

Heterogeneity Analyses Previous literature has shown that own (perceived)

ability relative to the teammates’ (perceived) ability predicts subjects’ preference

for teamwork [Kuhn and Villeval, 2015; Cooper et al., 2021]. We have designed

our task such that effective team communication should be key to team output,

and although the data from pilot sessions with subjects working individually on

the task suggest that cognitive skills (measured by A-level GPA) are positively

related to individual output, the effect does not seem excessively high (condi-

tional on further controls, a one-standard deviation improvement in the A-level

GPA is associated with an increase in output by about 0.25 standard deviations).
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Against this backdrop, we will additionally study the heterogeneity of the treat-

ment effects discussed in the previous paragraphs with respect to cognitive skills,

but we do not have strong priors that we will find meaningful heterogeneities.

Therefore, we do not commit to report the respective results in the paper.

3.3.6 Additional Regressions

We may use further outcomes for additional exploratory analyses. For instance,

we may analyze how a team’s gender composition affects the subjects’ belief

about the first-stage team output and the difference between the belief and ac-

tual team output, and the subjects’ belief about their own contribution to team

output. We may also analyze to what extent gender differences in communica-

tion behavior and preferences for teamwork are related to differences in person-

ality traits. To increase statistical power in the analyses of communication and

team output from stage 1, we may also run panel estimations with problem fixed

effects.

4 Variables

4.1 Treatment Variables

4.1.1 Gender Composition Stage 1

• Type: Assigned by design

• Time of Measurement: At the beginning of the experiment

• Measurement: Composition of first-stage teams in terms of gender

• Transformation of data to generate variable: Gender composition at team

level is translated into indicators

– T1F F : all-female team

– T1M M : all-male team

– T1F M : gender-mixed team (2 females and 2 males)

4.1.2 Gender Composition Stage 2

• Type: Assigned by design
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• Time of Measurement: At the beginning of the stage 2

• Measurement: Composition of second-stage pairs in terms of gender

• Transformation of data to generate variable: Indicator for female subjects

whose potential teammate is male and male subjects whose potential team-

mate is female, T2F M

4.2 Outcome Variables

4.2.1 Number of Words (Mw)

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Words count of transcribed

team communication

4.2.2 Number of Contributions (Mc)

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Count of contributions in tran-

scribed team communication

4.2.3 Number of Questions

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Count of questions in tran-

scribed team communication
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4.2.4 Number of Interruptions

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Count of interruptions in tran-

scribed team communication

4.2.5 Number of Laughs

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Count of laughs in transcribed

team communication

4.2.6 Number of Sighs

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Count of sighs in transcribed

team communication

4.2.7 Number of Hedges

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Count of hedges in transcribed

team communication
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4.2.8 Distribution of Words at Team Level (HHI(Mw))

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Herfindahl index over Mw

4.2.9 Distribution of Contributions at Team Level (HHI(Mc))

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Herfindahl index over Mc

4.2.10 Sentiment

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Overall sentiment score of

team communication divided by number of words with sentiment score

4.2.11 Relation Sentiment

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Number of the negative senti-

ment words divided by number of positive sentiment words
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4.2.12 Variance Sentiment

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Variance of team members’

sentiment score

4.2.13 Herfindahl Index Topics

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Herfindahl index over the

teams topic distribution

4.2.14 Bhattacharyya Difference Topics

• Type: Team communication measure

• Time of Measurement: While teams work on task

• Measurement: Transcript of recorded communication

• Transformation of data to generate variable: Mean of Bhattacharyya differ-

ences over each team members’ topic distribution to teams’ topic distribu-

tion

4.2.15 Perceived Distribution of Speech

• Type: Survey Item

• Time of Measurement: After first-stage task is completed

• Measurement: Assessment whether team communication was distributed

equally (5-point Likert scale)

• Transformation of data to generate variable: Team average of raw data and

subject-level raw data
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4.2.16 Perceived Sufficiency of Team Communication

• Type: Survey Item

• Time of Measurement: After first-stage task is completed

• Measurement: Assessment whether team communication was sufficient to

solve problems (5-point Likert scale)

• Transformation of data to generate variable: Team average of raw data and

subject-level raw data

4.2.17 Perceived Frequency of Interruptions

• Type: Survey Item

• Time of Measurement: After first-stage task is completed

• Measurement: Assessment how frequent team members interrupted each

other (5-point Likert scale)

• Transformation of data to generate variable: Team average of raw data and

subject-level raw data

4.2.18 Perceived Sentiment of Team Communication

• Type: Survey Item

• Time of Measurement: After first-stage task is completed

• Measurement: Assessment whether team communication was positive (5-

point Likert scale)

• Transformation of data to generate variable: Team average of raw data and

subject-level raw data

4.2.19 Perceived Cooperativeness of Team Communication

• Type: Survey Item

• Time of Measurement: After first-stage task is completed

• Measurement: Assessment whether team communication was cooperative

(5-point Likert scale)
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• Transformation of data to generate variable: Team average of raw data and

subject-level raw data

4.2.20 Perceived Enjoyability of Teamwork

• Type: Survey Item

• Time of Measurement: After first-stage task is completed

• Measurement: Assessment whether subjects liked to work with their team-

mates (5-point Likert scale)

• Transformation of data to generate variable: Team average of raw data and

subject-level raw data

4.2.21 Belief Team Output

• Type: Survey Item

• Time of Measurement: After first-stage task is completed

• Measurement: Belief about how many problems (out of ten) team has

solved correctly (drop-down menu, 0 to 10)

• Transformation of data to generate variable: Team average of raw data and

subject-level raw data

4.2.22 Belief Own Contribution to Team Output

• Type: Survey Item

• Time of Measurement: After first-stage task is completed

• Measurement: Belief about own contribution (in percent) to team output

(text field, figures 0 to 100)

• Transformation of data to generate variable: Team average of raw data and

subject-level raw data
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4.2.23 Assessment Gender Composition Team

• Type: Survey Item

• Time of Measurement: After first-stage task is completed

• Measurement: Belief about how many of the teammates were female

(drop-down menu, 0 to 3)

• Transformation of data to generate variable: Indicator for subjects whose

assessment is correct

4.2.24 Team Output

• Type: team performance measure, stage 1

• Time of Measurement: After task is completed

• Measurement: Number of correctly solved problems, 0-10

• Transformation of data to generate variable: Raw data

4.2.25 Preference for Teamwork

• Type: Survey Item

• Time of Measurement: After subjects have met potential teammate in stage

2

• Measurement: Stated preference to work alone or with potential teammate

(binary choice)

• Transformation of data to generate variable: Raw data

4.2.26 Belief Own Second-Stage Output

• Type: Survey Item

• Time of Measurement: After subjects have met potential teammate in stage

2

• Measurement: Belief about own output if subjects would work individually

on 20 problems (slider, 0 to 20)

• Transformation of data to generate variable: Raw data

41



4.2.27 Belief Teammate’s Second-Stage Output

• Type: Survey Item

• Time of Measurement: After subjects have met potential teammate in stage

2

• Measurement: Belief about potential teammate’s output if teammate would

work individually on 20 problems (slider, 0 to 20)

• Transformation of data to generate variable: Raw data

4.2.28 Belief Second-Stage Output Team

• Type: Survey Item

• Time of Measurement: After subjects have met potential teammate in stage

2

• Measurement: Belief about team output if subject would work with poten-

tial teammate on 20 problems (slider, 0 to 20)

• Transformation of data to generate variable: Raw data

4.2.29 Belief Second-Stage Cooperativeness

• Type: Survey Item

• Time of Measurement: After subjects have met potential teammate in stage

2

• Measurement: Belief about how cooperative team communication would

be if subject would work with potential teammate (5-point Likert scale)

• Transformation of data to generate variable: Raw data

4.2.30 Belief Second-Stage Sentiment

• Type: Survey Item

• Time of Measurement: After subjects have met potential teammate in stage

2
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• Measurement: Belief about how positive team communication would be if

subject would work with potential teammate (5-point Likert scale)

• Transformation of data to generate variable: Raw data

4.2.31 Belief Second-Stage Enjoyability of Teamwork

• Type: Survey Item

• Time of Measurement: After subjects have met potential teammate in stage

2

• Measurement: Belief about how much subjects would like to work with

potential teammate (5-point Likert scale)

• Transformation of data to generate variable: Raw data

4.2.32 Assessment Potential Teammate’s Gender

• Type: Survey Item

• Time of Measurement: After subjects have met potential teammate in stage

2

• Measurement: Belief about whether potential teammate is female (binary)

• Transformation of data to generate variable: Indicator for subjects whose

assessment is correct

4.3 Control Variables

4.3.1 Cognitive Ability

• Type: Administrative data

• Time of Measurement: Before start of experiment

• Measurement: A-level GPA in administrative data provided by the univer-

sity

• Transformation of data to generate variable: Team average of raw data,

maximum value of raw data at team level, minimum value of raw data at

team level, and subject-level raw data. We might re-scale the GPA to adapt

to the US standard that higher GPAs indicate better grades.
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4.3.2 Indicator for German Nationality

• Type: Administrative Data

• Time of Measurement: Before start of experiment

• Measurement: Student’s nationality in administrative data provided by the

university

• Transformation of data to generate variable: Indicator for subjects whose

nationality is not German, and team average of the indicator.

4.3.3 Age

• Type: Administrative Data

• Time of Measurement: Before start of experiment

• Measurement: Student’s age in years as recorded in administrative data

provided by the university

• Transformation of data to generate variable: Team average of raw data,

maximum value of raw data at team level, minimum value of raw data at

team level, and subject-level raw data

4.3.4 Department Indicators

• Type: Administrative Data

• Time of Measurement: Before start of experiment

• Measurement: Department student’s study program is associated with,

from administrative data provided by the university

• Transformation of data to generate variable: Series of indicators for the uni-

versity’s departments (arts & humanities, engineering, natural sciences,

economics and business administration, medicine and law), and team av-

erages of indicators
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4.3.5 Indicator for Master Students

• Type: Administrative Data

• Time of Measurement: Before start of experiment

• Measurement: Indicator for students at Master’s level, from administrative

data provided by the university

• Transformation of data to generate variable: Subject-level raw data, and

team averages of indicators

4.3.6 Indicator for A-Level Track

• Type: Administrative Data

• Time of Measurement: Before start of experiment

• Measurement: Information on A-level track through which student earned

university entrance certificate, from administrative data provided by the

university

• Transformation of data to generate variable: Indicators for students with

the most common A-level track (“Abitur”), and team average of indicator

4.3.7 Big-5 Personality Traits

• Type: Survey items

• Time of Measurement: Before end of experiment (survey 3)

• Measurement: Openness, conscientiousness, extraversion, agreeableness,

and neuroticism measured by three items for each dimension following

Gerlitz and Schupp [2005]

• Transformation of data to generate variable: Aggregation of the three un-

derlying dimensions for each dimension following Gerlitz and Schupp

[2005]
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Appendices

A Experimental Instructions
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At this point, subject start working on the real effort task (30 minutes plus read-
ing time). While working on the tasks, the subjects can study instructions and
information material by opening and closing tabs. In the following, we show a
few sample screenshots.

End sample screenshots of task

55



56



57



58



59



60



61



62


	Introduction
	Abstract
	Motivation
	Research Questions

	Experimental Design
	Summary of the Experimental Design
	Task Stage 1
	Gender Compositions Stage 1
	Gender Compositions Stage 2
	Elicitation of Preferences for Teamwork in Stage 2
	Experimental Procedures
	Sampling
	Exclusions
	Planned Sample Size
	Statistical Power

	Empirical Analysis
	Balancing Checks and Other Design Checks
	Balancing Checks
	Attrition Checks
	Check of Subjects' Awareness of Their Team's Gender Composition
	Check if First-Stage Task Is Gender Neutral

	Text Analysis
	Text Preparation
	Quantitative Measures
	Sentiment Analysis
	Topic Analysis

	Treatment Effects
	General Information
	Effects on Team Communication
	Effects on Team Performance
	Mediation Analysis
	Effects on Beliefs about and Preference for Further Teamwork
	Additional Regressions


	Variables
	Treatment Variables
	Gender Composition Stage 1
	Gender Composition Stage 2

	Outcome Variables
	Number of Words (Mw)
	Number of Contributions (Mc)
	Number of Questions
	Number of Interruptions
	Number of Laughs
	Number of Sighs
	Number of Hedges
	Distribution of Words at Team Level (HHI(Mw))
	Distribution of Contributions at Team Level (HHI(Mc))
	Sentiment
	Relation Sentiment
	Variance Sentiment
	Herfindahl Index Topics
	Bhattacharyya Difference Topics
	Perceived Distribution of Speech
	Perceived Sufficiency of Team Communication
	Perceived Frequency of Interruptions
	Perceived Sentiment of Team Communication
	Perceived Cooperativeness of Team Communication
	Perceived Enjoyability of Teamwork
	Belief Team Output
	Belief Own Contribution to Team Output
	Assessment Gender Composition Team
	Team Output
	Preference for Teamwork
	Belief Own Second-Stage Output
	Belief Teammate's Second-Stage Output
	Belief Second-Stage Output Team
	Belief Second-Stage Cooperativeness
	Belief Second-Stage Sentiment
	Belief Second-Stage Enjoyability of Teamwork
	Assessment Potential Teammate's Gender

	Control Variables
	Cognitive Ability
	Indicator for German Nationality
	Age
	Department Indicators
	Indicator for Master Students
	Indicator for A-Level Track
	Big-5 Personality Traits


	Appendices
	Experimental Instructions

