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Abstract: Numerous experimental studies have found that teams outperform individuals on 
intellective problems by a large degree.  This result is intuitively appealing, as teams can benefit 
from sharing insights.  However, much of this literature considers a task that involves a single 
clear insight. We instead analyze experiments comparing the performance of individuals and 
teams of four subjects at solving a series of challenging logic puzzles, where the solution 
involves a series of incremental steps.  Contrary to the existing literature, team performance is 
statistically indistinguishable from that of individuals when there is no cost to sending a 
message.  Frictions resulting from both congestion and incorrect suggestions substantially derail 
the solution process for teams.  If we impose a very small cost of communication on teams, the 
performance of teams improves.  Underlying these results is a robust negative relationship 
between frequency of communication and team performance. Using a straightforward prediction 
exercise, we show that performance would have improved dramatically if the best member of 
each team had been asked to solve the puzzles alone rather than forming a team.  
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“Silence is golden …” 
--The Four Seasons  
 

1.  Introduction 

Suppose you are a manager facing a difficult problem.  You can try to find a solution 

yourself or you can put together a team to help you.  It would seem obvious that you would do 

better with the help of a team.  While there are costs associated with having a team (salaries and 

opportunity costs), you gain the benefits of others’ insights.  Interactions among teammates 

might even lead to further insights that would not occur to individuals, since diverse ideas can be 

complementary and build upon each other.  Indeed, there is a great deal of research that supports 

the notion that teams are better than individuals at solving intellective problems.  

However, anyone who has ever worked on a group project may be less convinced about 

the effectiveness of teams or the value of communication from co-workers.  Not all shared 

insights are good insights and it takes time to separate good ideas from bad ones.   This is 

especially problematic for problems that involve multiple steps of reasoning.  As an example, 

consider a team writing a complex piece of computer software.  Successfully writing a computer 

program is not binary in nature.  There isn't a single “aha” moment where the team goes from 

having nothing to having a completed program.  Instead, there are many small steps.  Different 

subroutines need to be written, code needs to be tested, and eventually a finished program 

emerges.  Multi-step problems like writing a computer program are difficult because they are 

somewhat akin to a sequential weak link game.  If one step in the process goes wrong, the whole 

thing fails.  Making a fatal mistake is easy, but finding it after the fact is challenging.  Computer 

programmers often spend hours, possibly days, debugging their code, frequently searching for 

tiny errors like a missing parentheses or an incorrectly defined variable.   
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If the primary effect of having a team is greater speed at all the little steps that go into 

solving a problem (e.g. writing a computer program), having a team should be beneficial.  But if 

having a team simply increases the chance that a fatal error is made, sending the solution process 

down a blind alley, having a team can be harmful.  This leads to our central questions.  For a 

problem that is sequential in nature, is having a team beneficial?  Is increased communication 

within a team necessarily a good thing?  

This paper presents a series of experiments that provide negative answers to both of these 

questions.  Subjects are confronted with a series of challenging logic puzzles for which, unlike 

most tasks in previous work, solving the problem requires a series of incremental steps rather 

than a central and singular insight.  In different treatments, participants attempt to solve these 

puzzles either as individuals acting alone or in groups of four people working together.  In the 

latter case, one subject is the “leader,” filling out the puzzle, while the other three teammates are 

“followers” who assist the leader.  Followers have the same information as leaders, seeing all 

entries into the puzzles in real time, and receive the same payoff as the leader.  

Unlimited free-form chat allows teammates to easily share insights on how to solve the 

puzzles.  Nonetheless, the performance of teams is statistically indistinguishable from the 

performance of individuals working alone.   This contrasts strongly with the results of previous 

studies.   For example, Shaw (1932), Cooper and Kagel (2005), and Charness, Karni, and Levin 

(2010) all compare the performance of individuals and teams solving problems with an “aha” 

solution.  In all three cases the improvement with teams is large and statistically significant.  By 

contrast, the improvement in our experiment from individuals to teams (without message costs) 

is small and neither economically nor statistically significant.  Again, a major difference is that 



3 
 

our decision task requires multiple steps of reasoning to solve, rather than the single big insight 

needed in these other studies. 

We find robust evidence of congestion effects: sending more messages has an adverse 

effect on solution rates.  Incorrect suggestions are particularly detrimental, consistent with our 

intuition that performance in problems involving multiple steps of reasoning will be especially 

sensitive to errors.  The preceding suggests that the relatively poor performance of teams will 

improve if we reduce the amount of communication. A natural approach to limiting the number 

of messages is to add a cost for sending messages.  We test whether imposing a tiny cost (one 

cent) for sending a message improves team performance. Although messages are quite 

inexpensive, there is a dramatic decrease in the number of messages sent.  Limiting 

communication significantly improves group performance.  This does not imply that teams are 

doing great as the increase in performance relative to individuals is still small in magnitude.  The 

point is that excessive communication harms performance, not that making communication 

costly is a magic elixir for team performance.  To the best of our knowledge, our study is the first 

to find that imposing friction on communication leads to more effective performance in teams. 

Beyond our main results about communication and the performance of teams, we find a 

strong gender result.  While females as individuals do a bit worse than men at solving puzzles, 

the performance of groups improves monotonically (and significantly) with increases in the 

number of women in the group.   Drilling down into the data, male followers contribute to 

congestion by sending significantly more messages than female followers. Our experiments were 

not specifically designed to test for gender effects (we routinely gather data on gender and check 

for any gender effects), but we feel this result warrants further investigation.  There is 
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surprisingly little work in economics on the effect of gender on group performance, an issue that 

has important implications for institutional design. 

Our findings indicate that forming a team to solve problems may not be valuable for 

problems involve multiple steps of reasoning, especially once an organization’s costs of forming 

a team are considered.  As an alternative approach, we perform a straightforward prediction 

exercise to answer the following question: how would the teams have performed if the most able 

individual had been allowed to solve the problems working alone?1  We find that the solution 

rate would have improved by 24 percentage points compared to the individual treatment, a far 

larger increase than achieved by teams without message costs (or even with message costs).  This 

has clear managerial implications.  A manager struggling with a difficult (multi-step) problem is 

more likely to benefit from hiring somebody who is good at solving related problems and 

delegating the task rather than hiring a team of helpers to work together.   

More generally, it is easy to feel bombarded by “free” information in our society. Our 

results sound a cautionary note regarding the notion that cheap-talk messages are always highly 

effective or at least harmless. There may be value in restricting the flow of information; for 

example, social welfare might be improved by imposing a very small cost on e-mail messages. 

The remainder of the paper is as follows.  Section 2 is a literature review and we present 

our experimental design and implementation in Section 3.  Hypotheses are put forward in 

Section 4, and results and analysis follow in Section 5.  We offer some discussion in Section 6 

and Section 7 concludes. 

 

                                                        
1 This is not the same thing as the truth wins benchmark, which models a team as solving a puzzle if any of its 
members would have solved the puzzle working alone, with success realized independently across team 
members.  Our prediction exercise models a team as solving a puzzle if its most able member would have solved the 
puzzle working alone.  The prediction exercise must give a lower probability of a successful solution since it does 
not allow for the possibility that one of the less able members solves the puzzle. 
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2.  Literature Review 

There is a large literature demonstrating that teams outperform individuals in cognitive 

tasks.  In psychology, to our knowledge the earliest evidence is Shaw (1932), who found that 

groups were much more likely than individuals to solve intellective puzzles correctly, with the 

group advantage stemming largely from error-checking and rejecting incorrect solutions.  Lorge 

and Solomon (1955), another early article in psychology, originated the “truth-wins” benchmark.  

The idea is that in “eureka-type” problems, where there is a solution that is transparent once 

explained, a group should do as well as its most able individual since this person can solve the 

problem and explain it to others.2  In the psychology literature, groups rarely meet and almost 

never exceed the truth-wins benchmark when solving logic problems.  This failure is attributed 

to “process loss,” a broad term that incorporates both free-riding and congestion effects.3   

Charness and Sutter (2012) present a detailed summary of the economics literature on 

group decision-making. The main finding is that groups almost always make better self-

interested decisions than individuals do. A number of researchers have studied performance for 

teams playing games relative to the truth-wins benchmark. Cooper and Kagel (2005, 2009, 2016) 

find that teams in a difficult signaling game consistently play more strategically than individuals 

and beat the truth-wins norm in more difficult games.  While Cooper and Sutter (2014) and 

                                                        
2 If p is the probability that an individual solves the puzzle, the probability that an n-person team solves the puzzle 
under the truth-wins benchmark is 1 – (1 – p)n. So if each person is 50% likely to see a solution and the probability 
across individuals is uncorrelated, the likelihood of solution is 75% with two people, 87.5% with three people, etc.  
Note that the marginal gain from adding an additional person becomes smaller, while coordination issues grow. 
3 There is a related literature in computer science on "pairs programming".  This is a popular software development 
technique where pairs of programmers share a keyboard.  The pair takes turns controlling the keyboard, with the 
other either making suggestions or, in some cases, explicitly tasked with error checking.  The overall effect on 
quality (closely related to our measure of solving puzzles correctly) is positive, but modest, relative to individuals 
(Hannay, Dybåa, Arisholm, and Sjøberg, 2009). 
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Casari, Zhang, and Jackson (2014) find that teams outperform individuals by a considerable 

degree, their results show that groups fail to beat the truth-wins benchmark in takeover games.4 

There is a modest amount of work on the effect of gender composition on team 

performance.  Wooley, Chabris, Pentland, Hashmi, and Malone (2010) find that the group’s 

collective intelligence is correlated with the proportion of females in the group.  Fenwick and 

Neal (2001) showed that groups with the same number of men and women outperformed 

homogenous groups, and Apesteguia, Azmat, and Iriberri (2012) and Hoogendoorn, Oosterbeek, 

and van Praag (2013) find that mixed-gender groups make better decisions than do same-gender 

teams. However, a study of a Fortune 500 firm in the information-processing sector reported in 

Kochan, Bezrukova, Ely, Jackson, Joshi, Jehn, Leonard, Levine, and Thomas (2003) found no 

effects for team-level gender diversity on team performance.  Our study differs from these 

studies in that they look at business simulations in which teams must perform many types of 

tasks, while we focus on one specific laboratory task with controls and incentives.  

Numerous laboratory experiments have shown that costless and non-binding 

communication (particularly free-form communication) can yield more efficient outcomes.  

There are many prominent examples within economics for social dilemmas, trust games, and 

coordination games.  Isaac and Walker (1988) show that pre-play communication leads to greater 

contributions in public goods games.   Charness and Dufwenberg (2006, 2011) observe large 

improvements in social efficiency (total payoffs) in two-person sequential games when the 

second mover can send a written message to the first mover.  Brandts, Charness, and Ellman 

(forthcoming) find that free-form messages lead to Pareto-improvements in payoffs for buyers 

                                                        
4 In this vein, Isopi, Nosenzo, and Starmer (2011) find that a “group-discussion” stage leads to worse performance in 
a task with no demonstrably correct solution, as measured by the number of correct answers to questions about 
paintings.  Casari et al. (2014) report a similar result for one of their treatments. 
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and sellers.  Cooper and Kühn (2014) find that free-form communication increases total surplus 

in a repeated Bertrand oligopoly by generating coordination on an equilibrium that includes 

punishment of deviations from cooperative play.  Cason and Mui (2014) show that pre-play 

communication is necessary for coordinated resistance.  Charness, Karni, and Levin (2007, 2010) 

find that consultation with others improves choices relative to no consultation. 

There has been very little work on costly communication in experiments.  Blume, Kriss, 

and Weber (2016a) study stag-hunt games and find that imposing modest costs for sending 

messages reduces the use of messages, but that efficient coordination occurs with similar 

frequency as when there are no costs. Their results are consistent with a formalization of forward 

induction that selects the efficient pure-strategy equilibrium outcome without communication.  

Blume, Kriss, and Weber (2016b) report similar experiments using weak-link games rather than 

stag-hunt games.  In this case, making messages costly reduces efficient coordination.  Wilson 

(2014) tests a model of group-based deliberation where both sending and receiving messages 

about private information is costly.  He finds that communication is decreasing as costs increase 

(although less than predicted by equilibrium), leading to reduced welfare.  

We are unaware of any previous experimental study in which adding a communication 

cost improves outcomes. Our messages have very small costs and so one would not particularly 

expect behavior to be greatly changed. Nevertheless, we find that not only does a positive 

message cost lead to a dramatic reduction in the number of messages sent, it also induces 

significantly higher solution rates for the groups.   

3.  Experimental Design 

Participants tried to solve grid-based logic puzzles called nonograms.  This served as a 

real-effort task that was challenging, yet had rules simple enough to be learned quickly.  Because 
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they require multiple steps of reasoning to solve, nonograms provide many opportunities for 

groups to communicate and work together.  We selected these puzzles, instead of a more familiar 

alternative such as Sudoku, so that most participants would enter the session with little previous 

experience.  

Figure 1a: Unsolved Nonogram                    Figure 1b: Solved Nonogram 

     

Figure 1a shows a screen-shot of an unsolved 5 x 5 nonogram from the computer 

interface used in the sessions.  Each cell can be marked or left unmarked (the dot in the center of 

each cell is a radio button that participants clicked to mark and unmark cells).  Labels with 

Arabic numerals indicate the length of each run of consecutive marked cells, according to the 

solution, in each row and column.  The goal is to correctly determine which cells should be 

marked.  Figure 1b shows the same puzzle, correctly solved, as it appears on the computer 

interface.  Once subjects thought they had solved the puzzle, they clicked a button to submit their 

solution.  If the puzzle had not been solved correctly, the subject(s) saw a message stating that 

the solution was incorrect.  There was no penalty for submitting an incorrect solution and work 

on the puzzle could continue.   

Each session had two stages, with five puzzles in each stage.  We used the same puzzles 

in the same order for all sessions.  Stage 1 consisted of puzzles that were relatively small (5 x 5) 
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and therefore easier.  Participants worked on them individually with a $0.50 incentive for 

correctly solving the puzzle within a 95-second time limit.  The purpose of this stage was to give 

participants an opportunity to familiarize themselves with the rules and strategy as well as to 

provide a measure of individual ability.  Participants averaged 2.55 correct solutions across the 

five rounds of Stage 1, with a wide spread in performance (StDev = 1.56).  

Stage 2 featured larger (10 x 10), and therefore more difficult, puzzles with a nine-minute 

time limit.  Three main experimental treatments determined whether participants worked on 

these puzzles alone or in teams, and how expensive it was for teammates to communicate.  As a 

secondary treatment we varied the incentives to solve the puzzles rapidly.   

In Stage 2 of the Individual treatment, participants worked on the puzzles and were paid 

independently.  This treatment served as a control for the other two treatments, in which 

participants worked on the puzzles and were paid as groups.  Participants did not interact with 

each other in the Individual treatment, so each individual is an independent observation.  

In the team treatments (Team-No Cost and Team-Cost), participants were assigned to 

groups of four consisting of one leader and three followers.  Subjects were randomly assigned a 

role at the beginning of Stage 2, leader or follower, and stayed in the same role for all five 

rounds of Stage 2.5  Groups were re-assigned each round using a stranger matching protocol and 

participants did not know the identities of their teammates.   

Group members could send typed messages to each other through a chat box.6  Only the 

leader could directly work on the puzzle, choosing which cells to mark or unmark and submitting 

                                                        
5 We ran earlier sessions where the lowest-performing participants in a session were assigned the leader role.  A 
summary of the results including the sessions with biased role selection is available from the authors upon request.  
Including these data complicates the analysis but has little effect on our conclusions. 
6 The subjects were told that they could use the chat box to “advise each other.”  The only specific restrictions we 
put on communication were telling them not to identify themselves and to avoid offensive language. 
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solutions.  The followers could see the current state of the puzzle – this was reflected on 

followers’ screens in real time as the leader marked or unmarked cells – but were limited to 

advising the leader via chat messages.   

Figure 2: Leader’s Screen from Team-Cost Treatment 

 

Participants in the Team-No Cost treatment could send messages at no monetary cost, 

while participants in the Team-Cost treatment paid $0.01 for each message sent.  We chose this 

cost to be very small relative to the size of the reward for completing the puzzle, with the idea 

that it would deter marginal messages but not eliminate communication altogether.  The Team-

Cost treatment was otherwise identical to the Team-No Cost treatment.  Figure 2 shows a screen-

shot for a leader in the Team-Cost treatment.  The puzzle is on the left and the chat box is on the 

right with a running summary of message costs below it. 

Beyond the three main treatments, the monetary incentives to complete puzzles in Stage 2 

varied across sessions.  In the Time Bonus sessions, members of groups that completed the 

puzzle earned an additional $0.01 for every second remaining when they finished successfully; in 

the No Time Bonus sessions there was no incentive pay for solving the puzzles rapidly.  The 

Time Bonus variation was balanced across the Team-Cost and Team-No Cost treatments.  
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We initially paid $5 to members of groups that solved the puzzle versus $1 for groups 

that did not solve the puzzle (High Pay).  This proved to be rather expensive, so we lowered the 

payments to $3 for solving the puzzle and $0 for not solving the puzzle (Low Pay).  Six of the 

sessions used high pay, two each for Individual, Team-Cost, and Team-No Cost.  All of the 

regressions reported below include a control for whether high or low pay was used.  The 

estimated effects of High Pay are positive but small and never significant. 

All individuals in a group received the same pay (and the same time bonus) for solving 

the puzzle; pay could vary within a group due to charges for the number of messages sent.   

Table 1: Summary of Sessions 

  # Sessions # Subjects 

Individual 4 68 

Team – Cost 6 132 

Team – No Cost 6 128 

We conducted 16 sessions in the xs/fs laboratory at Florida State University, each lasting 

75 to 90 minutes.  Table 1 summarizes the number of sessions and subjects used.  Sessions had 

between 16 and 24 participants who were recruited with the software ORSEE (Greiner 2015) and 

participated via a computer interface programmed in z-Tree (Fischbacher 2007).  Sessions began 

with instructions (see Appendix B), which were read aloud while the participants followed along 

and were allowed to ask questions.   Total earnings were the sum of a $10 show-up fee and 

accrued earnings across the ten puzzle rounds, averaging about $27.  

4.  Hypotheses 

This section describes a simple model of team puzzle solving and proposes several 

hypotheses using the percentage of puzzles solved as our performance measure.  The details of 



12 
 

the full model are given in Appendix A, but we limit ourselves here to a description of how the 

model is constructed, as well as its implications for our experiments.  The model captures two of 

the main features of nonograms.  First, nonograms are multi-step problems where finding a 

solution involves a long sequence of small insights rather than a single “aha” insight.  Second 

and closely related, a small undetected error can have major consequences on the likelihood of 

success by knocking an individual or team off the path to a correct solution.   

Formally, teams with a fixed number of members face a problem consisting of a series of 

“steps”, small sub-problems that must be solved in a fixed order within a fixed time limit.  For 

each step, the time it takes to generate a potential solution is drawn independently for each team 

member. The team members vary in both the average speed with which they generate step 

solutions and their ability to avoid committing “fatal errors” that end their team’s chances of 

solving the problem. Team efforts are slowed by process loss, which includes free riding as well 

as the time needed to write, read, and interpret messages. 

In the absence of fatal errors and process loss, teams are expected to dramatically 

outperform individuals.  In the appendix we show that, under certain simplifying assumptions, 

the likelihood that a team solves the problem within the fixed deadline is given by the familiar 

truth wins (TW) formula.  Let ps be the probability of solving a puzzle as an individual.  Let p be 

the probability of an n-person group solving the puzzle.  The value of p is given by (1). 

 (1) = 1 െ (1 െ  ௦)

Teams are relatively less effective if we allow for fatal errors and/or process loss.  For 

expository purposes we add these features to the model one at a time, although it is 

straightforward to combine them if so desired.  First, let pe be the probability of an individual 
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making a fatal error.7  Assume that an individual cannot both solve the puzzle and make a fatal 

error.  This is natural in a dynamic setting, as solving the problem requires not making a fatal 

error first.  In the appendix we show that p, the likelihood that an n-person group solves the 

problem, is now given by (2), the truth-wins with fatal errors (TWFE) formula.  

 (2)  = (1 െ ) כ ൫1 െ ൫(1 െ  െ ௦)/(1 െ  )൯൯
Note that (1) reduces to p = ps if n = 1 and (2) reduces to (1) if pe = 0. 

Let pt be the probability of solving a puzzle as an individual embedded within a team.  

The TW model assumes that an individual within a team functions the same as an individual 

operating independently: ps = pt.  We model process loss by assuming that individuals function 

worse within a team than individually: ps > pt.  The value of p under truth wins with process loss 

(TWPL) is given by (3).   

 (3) = 1 െ (1 െ  ௧)

Comparing (1) with (2) or (3), the advantage of teams over individuals is reduced with 

either fatal errors or process loss.  We provide calibrated examples in the discussion section, but 

the intuition is straightforward.  It only takes one able individual to solve a problem and having a 

team gets you the best person’s insights.  However, a countervailing force is that it only takes 

one poor choice to spoil the entire process and having a team also brings in the mistakes made by 

weaker team members. The multi-step nature of nonograms plays a critical role in the preceding 

argument.  Teams may not do much better than individuals because these are problems with 

many small steps where a small undetected mistake can have extreme long term consequences.  

In any one step the odds that a fatal error occurs is low, but the numerous steps necessary to 

                                                        
7 Intuitively, a fatal error involves making a mistake filling in the grid and not immediately catching it.  Eventually 
the team will hit a dead end, but this takes some time and finding an error long after the fact makes it extremely 
challenging to recover and complete a puzzle.   
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solve a nonogram make it likely that somebody makes a fatal error.  Process loss slows down 

teams, making them less likely to solve a problem before the deadline.   

In Section 2 we discussed the literature on team problem-solving.  Our first hypothesis is 

based on common findings in this literature and also follows from the model; freely-interacting 

teams generally perform better than individuals. 

H1:  Teams without message costs will solve more puzzles than individuals.  

  Adding a small cost for messages in the Team-Cost treatment should eliminate some 

messages and, as we articulate in Section 2, previous research on teams and communication 

would lead one to expect this to harm performance. This prediction serves as our null hypothesis 

for the effect of the message cost treatment. However, given the small size of the message cost, 

the eliminated messages may be marginal in the mind of senders – either messages that contain 

little useful content (e.g. messages that are likely to cause process loss), or messages where the 

sender is uncertain if their solution for a step of the problem is correct (e.g. message that are 

likely to be fatal errors).  If the primary effect of adding a message cost is to reduce either 

process loss or fatal errors, the performance of teams should improve.  Mathematically, the 

former implies that the gap between ps and pt is reduced leading to an increase in p in (3) while 

the latter implies a decrease in pe leading to an increase in p in (2).8  

H2:  Teams in the Team-Cost treatment will be less likely to solve puzzles than teams in the 

Team-No Cost treatment. 

 

The preceding discussion points to a central empirical issue in this paper.  The value of a 

message hinges on whether or not the message is actually useful for solving the puzzle, instead 

                                                        
8 Along similar lines we expected that the time bonus would improve performance by reducing the number of 
marginal comments.  Knowing that time was valuable, we expected that subjects would not waste time sending low 
value messages.  In practice, the time bonus had little effect on the number of messages that were sent and, as will 
be seen, little effect on performance. 
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of wasting time or introducing an error. If there is little process loss and a low probability of 

errors, adding a monetary message cost will only exacerbate incentives to free-ride and reduce 

performance.  We are implicitly assuming that process loss and errors are a sufficiently large 

problem that it is helpful to limit the number of messages sent and performance will improve.  

This cuts against an idea implicit in most studies of team problem solving, that the interaction 

between team members is useful.  Our final hypothesis incorporates this intuition.  

H3:  Ceteris paribus, groups that send more relevant messages will solve more puzzles. 

 

 

5.  Results 

A.  Descriptive Overview of the Results: The first column of Table 2 gives the probability of 

solving puzzles in Stage 2 broken down by treatment.  The probability of a correct solution 

increases moving from individuals to teams without message costs to teams with message costs, 

but the effects are small.  Even in the best-case scenario where messages are costly, the effect of 

having a team rather than solving the nonograms individually is less than would be expected 

from the existing literature.   

Table 2: Percent Correct Solutions by Treatment and Ability 

 All Data 
Leader Ability Follower Ability 

0 - 2 Correct 3 - 5 Correct 0 - 8 Correct 9 - 15 Correct 

Individual 62.1% 46.3% 78.8% - - 

Team – No Cost 65.6% 53.7% 83.1% 62.4% 69.3% 

Team – Cost 70.3% 63.0% 81.5% 68.4% 73.1% 

 

The remaining columns of Table 2 examine how performance varies with the ability of 

the leaders and the followers (in team treatments).  We use the number of puzzles solved in Stage 
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1 as a measure of individual ability.  The second and third columns break down the data by 

whether the group leader (or individual) solved 0 - 2 puzzles or 3 - 5 puzzles in Stage 1, roughly 

dividing the sample in half.  The benefit of having a team depends on the leader’s ability.  Low-

ability leaders (0 - 2 puzzles in Stage 1) are better off with a team, more so with message costs.  

High-ability leaders (3 - 5 puzzles in Stage 1) are only very slightly better off with a team.  In 

general, teams with high-ability leaders are much more likely to solve the puzzles in Stage 2. 

The final two columns of Table 2 break down the data for teams by whether the followers 

collectively solved 0-8 puzzles or 9-15 puzzles in Stage 1, roughly splitting the sample in half.  

Teams with high-ability followers solve more puzzles but the effect is small.  The leader matters 

enormously for team performance, but the followers matter much less.  

Table 3: Percent Correct Solutions, Gender and Time Bonus 

Effects of Gender 

 Male Female 

Individual 64.6% 59.4% 

Team 66.0% 71.2% 

Effects of Time Bonus 

 No Time Bonus Time Bonus 

Individual 64.1% 60.0% 

Team 67.3% 68.8% 

Table 3 examines how the time bonus and gender composition of the group interact with 

the main treatments.  The top panel of Table 3 displays the effect of gender on performance.  For 

the Individual treatment, we compare the performance of men and women.  In the Team row we 

compare the performance of teams with a weak majority of men (0 - 2 women) with teams that 

have a strict majority of women (3 - 4 women).  In Stage 1, men outperformed women (53.3% 

correct vs. 47.2%).  A similar difference is found in Stage 2 for the Individual treatment, but 

majority female teams have better performance. While males outperform females individually by 
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5.2 percentage points, majority female teams outperform majority male teams by 5.2 percentage 

points. The difference-in-difference is therefore a full 10.4 percentage points, with women doing 

relatively better in teams than men in teams. 

The lower panel of Table 3 breaks down the treatment effects by whether or not there was 

a time bonus.  We had thought the time bonus might improve performance by reducing the 

number of low value messages.  However, overall, the time bonus has little effect on 

performance (and little effect on the frequency of sending messages).  Solution rates are slightly 

lower with the bonus in the Individual row and slightly higher in the Team row.  

 
B. Regression Analysis: The regressions presented in this section provide formal statistical 

support for the preceding observations.  The use of regressions is necessary because the leader’s 

ability (measured by Stage-1 performance) has such a strong influence on Stage-2 performance.  

Although subjects were randomly assigned to roles, by chance the average ability of leaders 

varies across treatments.9  The regressions reported in Table 4 control for leader’s ability as well 

as the ability of the followers (in the team treatments).   

The dataset includes all observations from Stage 2 (there is only one observation per 

group).  The dependent variable is a dummy for whether the puzzle was solved.10  Because the 

dependent variable has a binary outcome, all of the regressions are probits.  Table 4 reports 

marginal effects.  Standard errors (in parentheses) are corrected for clustering.  A cluster is 

defined as observations from the same individual for the Individual treatment and from the same 

session for the team treatments.   

                                                        
9 The average number of puzzles solved by leaders in Stage 1 was 2.34 in Individual, 2.25 in Team-Cost, and 2.09 in 
Team-No Cost. 
10 We have also conducted regressions using the number of incorrect cells (0 for a correct solution, a positive 
number otherwise) as the dependent variable.  These regressions give quite similar results. 
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In all of the regressions, the base (i.e., the omitted category) is the Individual treatment 

with no time bonus.  Dummies for the other two main treatments (Team-Cost and Team-No Cost) 

capture differences from the Individual treatment.  The row at the bottom of the table reports the 

estimated difference between the two treatments.11  All regressions include dummies for Time 

Bonus and High Pay.  As a control for ability we use the average number of incorrect cells across 

the five puzzles in Stage 1.12  A higher number of incorrect cells implies lower ability, so this 

parameter estimate should be negative.  We control separately for the ability of leaders and 

followers.  For the Individual treatment, there are no followers.  We therefore de-mean the Stage-

1 performance measure for followers to avoid biasing the estimated effect of the two treatments.  

All models include period dummies.  Results for High Pay and the period dummies are not 

reported to save space.  Full results for all regressions are available upon request. 

Model 1 is a basic regression examining the treatment effects.  The estimated effect of 

having a team is small and insignificant without message costs.  With message costs the effect is 

positive and significant.  The difference between the two team treatments just misses 

significance at the 5% level (p = .06).  The ability of the leader has a strong and significant 

effect, but there is little effect from the ability of followers.  The strong effect of leader ability 

explains why the estimated treatment effect of Team-Cost looks bigger in Table 4 than the raw 

effect reported in Table 2.  By chance, the leaders in the Team-Cost had lower ability than those 

                                                        
11 This is not a parameter, but instead a convenient way to see the difference between two parameters. 
12 An alternative control for ability is the number of puzzles correctly solved in Stage 1.  Using the average number 
of incorrect cells gives similar results to using the number of puzzles correctly solved, but uses more information 
about performance since it differentiates between subjects who almost solved a puzzle and those who missed badly.  
If both controls are included, the regression puts all of the weight on the number of incorrect cells (indicating that 
the other measure adds no useful information).  For example, if Model 1 is rerun with both controls for leaders’ 
abilities, the estimates for incorrect cells and puzzles solved in Stage 1 are -0.087 and -0.013 with standard errors of 
0.017 and 0.029 respectively.  Not only is the estimate for the number of correct solutions small and far from 
statistical significance, it has the wrong sign. 
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in the other two treatments.  Consistent with the raw data shown in Table 3, the coefficient for 

Time Bonus does not approach statistical significance. 

Conclusion 1:  Controlling for the ability of subjects, teams without message costs do no better 

than individuals, but teams with message costs perform significantly better than individuals or 

teams without message costs.  The data are inconsistent with H1 and H2.  

 

Conclusion 2: The performance of teams is sensitive to the ability of leaders, but not the ability 

of followers. 

Table 4: Regression Analysis of Treatment Effects 

 

 Model 1 Model 2 Model 3 Model 4 

Dataset All 
Low 

Ability 
High 

Ability 
All 

Team-No Cost 
0.029 0.043 0.030 0.037 
(0.049) (0.069) (0.059) (0.050) 

Team-Cost 
0.130** 0.192** 0.052 0.132*** 
(0.051) (0.075) (0.049) (0.049) 

Leader 
Incorrect Cells, Stage 1 

-0.080*** -0.088*** -0.059*** -0.083*** 
(0.010) (0.022) (0.022) (0.010) 

Followers 
Incorrect Cells, Stage 1 (DM) 

-0.006 -0.004 -0.009 -0.006 
(0.007) (0.011) (0.005) (0.007) 

Time Bonus 
0.001 0.042 -0.037 -0.002 
(0.047) (0.063) (0.057) (0.050) 

Women, Individual - - - 
0.021 
(0.077) 

#Women, Teams (DM) - - - 
0.059** 
(0.025) 

(Team - Cost) – (Team - No Cost) 
0.101* 0.149** 0.022 0.095* 
(0.053) (0.072) (0.047) (0.052) 

Log-likelihood -355.91 -223.43 -128.18 -353.72 

# Observations 665 370 295 665 

Note: The dependent variable is a dummy for correctly solving the nonogram.  Standard errors, reported in 
parentheses, are corrected for clustering at the individual (session) level in individual (team) sessions.  Three (***), 
two (**), and one (*) stars indicate statistical significance at the 1%, 5%, and 10% levels respectively. 

 

Models 2 and 3 perform the same analysis on low-ability and high-ability leaders, 

respectively. The main difference is that the estimated effect of Team-Cost, relative to either 
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Individual or Team-No Cost, increases in size and significance with low-ability leaders, but is 

smaller and no longer significant with high-ability leaders.  Thus, the benefits of having a team 

are predominantly for low-ability leaders.   

Conclusion 3:  The Team – Cost treatment improves performance for low-ability leaders, but 

not for high-ability leaders. 

 
Model 4 examines gender effects.  Model 1 is modified by adding a dummy for women 

in the Individual treatment and the number of women in the group for the team treatments.  

Gender does not have a significant effect in the Individual treatment, but does have a significant 

effect in the team treatments.13  In interpreting these effects it is important to remember that we 

are controlling for leader and follower ability.  Without these controls, the estimated gender 

effect in the Individual treatment would be negative (but not significant) and the effect in the 

team treatments would be positive but small and not significant.  We get a positive treatment 

effect with teams because teams with more women do better than teams with more men given the 

ability of the leader and followers. 

Conclusion 4:  Teams with more women perform better, controlling for ability. 

 

 

C. Message Content: To better understand the effects of teams, with or without message costs, 

we turn to the messages sent by followers in the team treatments.14 Our primary questions are 

whether sending more messages is helpful or harmful, whether it matters what types of messages 

are sent, and how the message cost affects the volume and content of messages. 

We measure frequency of communication as the number of messages sent per minute of 

work time.  If frequency over the entire period is used, the number of messages sent by high-

                                                        
13 The gender effect does not depend on the role of the women (leaders or followers). 
14 We only discuss messages sent from followers, since all of our hypotheses are based on insights (or errors) being 
passed from followers to leaders.  The negative relationship between the number of messages sent by leaders and 
performance is even stronger than the relationship for followers, although there is the clear issue of endogeneity.  
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performing groups is biased downward because they solve the puzzle quickly and stop sending 

messages (messages could not be sent once the problem was solved).  Dividing the number of 

messages by the time spent working eliminates this bias.15   

To study the effects of message content, we had two research assistants independently 

code the messages. They classified all messages by whether or not they contained relevant 

content (content related to the task of solving the puzzle).  Most messages (86%) were classified 

as relevant.16  We also classified the specific suggestions that relevant messages contained.  

Specific suggestions are defined as cases where a follower suggested either filling in a specific 

cell or unmarking a specific cell.  We instructed coders to record the number of correct and 

incorrect suggestions (if any) in each relevant message.17  Specific suggestions are not the only 

type of relevant message sent by followers, but they are by far the most frequent type, are 

unambiguous to code, and are obviously germane for solving the puzzles.  We report the number 

of correct and incorrect suggestions sent per minute.  Many messages contained multiple 

suggestions, so the frequency of suggestions per minute can be higher than the frequency of 

messages or relevant messages per minute. 

Table 5 summarizes the frequency of follower’s messages, relevant messages, and 

suggestions, both for the entire dataset and for various subsets of the data.  Note that this is data 

from individual followers.  The breakdown between low- and high-ability leaders is for the 

leader of that follower’s group.  This lets us see whether followers send more messages to low or 

high ability leaders.  The breakdown by ability for followers is the follower’s own ability.  

                                                        
15 Time spent working is defined as nine minutes for groups that did not solve the puzzle and is the solution time for 
groups that did solve the puzzle 
16 The two codings were highly correlated with each other (と = 0.99).  We use the average of the two counts to 
reduce the effect of coding errors.   
17 A suggestion was correct if it called for filling in a cell that should have been marked in the correct solution or 
unmarking a cell that should not have been marked in the correct solution.  Incorrect suggestions are defined in an 
analogous fashion.   
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Table 5: Frequency per Minute of Messages and Suggestions by Followers  

 

 Messages 
Relevant 
Messages 

Correct 
Suggestions 

Incorrect 
Suggestions 

All Data 1.03 0.89 0.91 0.08 

Team – No Cost 1.67 1.42 1.19 0.11 

Team – Cost 0.41 0.37 0.63 0.05 

Leader, 0 – 2 Correct 1.06 0.93 1.02 0.09 

Leader, 3 – 5 Correct 0.99 0.83 0.74 0.07 

Follower, 0 – 2 Correct 0.65 0.53 0.50 0.06 

Follower, 3 – 5 Correct 1.28 1.13 1.18 0.09 

Male Follower 1.19 0.99 1.01 0.08 

Female Follower 0.91 0.82 0.83 0.08 

 

The one-penny message cost has a dramatic negative effect on the number of messages 

and suggestions that followers send.  A negative effect was expected, but the magnitude came as 

a surprise given the tiny message cost.  In part this is due to the subjects jamming more content 

into each message, as the average number of suggestions (correct or incorrect) per message more 

than doubles from 0.80 in Team-No Cost to 1.72 in Team-Cost.18  More messages and 

suggestions are received by low-ability leaders and are sent by high-ability followers.  The 

effects of ability make sense, although it is somewhat surprising that high-ability followers send 

more incorrect suggestions. Comparing male and female followers, men send 31% more 

messages and 21% more relevant messages than women.  Both differences are significant.19  

Conclusion 5:  Fewer messages, relevant messages, and suggestions are sent with message 

costs.  High-ability leaders receive fewer messages and suggestions.  High-ability followers 

send more messages and suggestions.  Male followers send significantly more messages 

than female followers. 

Underlying H1 and H2 is a basic assumption that getting more messages and suggestions 

from followers is helpful for a leader.  The relatively weak performance of teams, particularly 

                                                        
18 As noted previously, the time bonus has little effect on the frequency of messages (1.00 with vs. 1.06 without). 
19 We ran a tobit where the dependent variable is the number of messages sent per minute.  Beyond the follower’s 
gender, the regression controls for message costs, leader and follower ability, Time Bonus, High Pay, and the 
leader’s gender.  The estimated effect of gender on the number of messages per minute is -0.203 with a standard 
error of 0.080.  This is significant at the 5% level.  Doing the same exercise for relevant messages per minute, the 
estimated gender effect is -0.107 with a standard error of 0.064.  This is significant at the 10% level.  
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without message costs, suggests that this is not the case.  The raw data supports this conjecture.  

Groups where followers send more than the average number of messages per minute are less 

likely to solve the puzzle (65.5% vs. 69.9%).  Even more striking is the highly-damaging effect 

of incorrect messages on solution rates.  We can divide the sample roughly in half between 

groups where at least one incorrect solution was made (56%) and those where no incorrect 

solutions were made.  The solution rate is 27 percentage points higher (83% vs 56%) for the 

groups with no incorrect solutions. 

Table 6 presents regressions supporting the preceding observations.  The dataset is the 

same as in Table 4.  The regressions are probit models with a dummy for correctly solving the 

nonogram as the dependent variable.  All of the regressions include controls for leader ability, 

followers’ ability, and Time Bonus.  Standard errors (in parentheses) are corrected for clustering.  

A cluster is defined as observations from the same individual for the Individual treatment and 

from the same session for the team treatments.  In addition to the variables listed in Table 6, all 

of the models include period dummies and a dummy for High Pay.  We report marginal effects.  

The only independent variable added to Model 1 beyond those described above is the 

number of messages sent per minute by followers (all measures relating to what messages are 

sent have been de-meaned to avoid biasing the estimated treatment effects in Model 4).  This is 

the sum over the three followers in a group.  The estimate is negative and significant.  The 

negative effect of sending messages cannot be attributed to an indirect effect of the leader’s 

ability as we have controlled for leader ability.   

Model 2 looks at the content of the messages.  The controls now include the number the 

number of relevant messages as well as the number of correct and incorrect suggestions by 

followers.  Once again these variables are on a per-minute basis, are the sum across the three 
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followers in a group, and are de-meaned.  The effect of sending more relevant messages is 

negative and significant, while correct messages have a (weakly) significant positive effect.  

Incorrect messages have a very strong negative effect.   

Table 6: Regressions of Correct Solution on Frequency of Messages and Suggestions 

 Model 1 Model 2 Model 3 Model 4 

Leader 
Incorrect Cells, Stage 1  

-0.078*** -0.080*** -0.080*** -0.081*** 
(0.010) (0.011) (0.010) (0.010) 

Followers 
Incorrect Cells, Stage 1 (DM) 

-0.008 -0.007 -0.006 -0.008 
(0.006) (0.007) (0.007) (0.007) 

Time Bonus 
-0.003 0.007 0.001 0.010 
(0.049) (0.050) (0.047) (0.048) 

Messages 
Per Minute (DM) 

-0.026** 
- - - 

(0.012) 

Relevant Messages 
Per Minute (DM) - 

-0.028** - -0.037* 
(0.014) (0.021) 

Correct Suggestions 
Per Minute (DM) 

- 
0.024* - 0.024* 
(0.013) (0.014) 

Incorrect Suggestions 
Per Minute (DM) 

- 
-0.395*** - -0.407*** 

(0.098) (0.099) 

Team – No Cost - - 
0.029 0.107* 
(0.049) (0.061) 

Team – Cost - - 
0.130** 0.066 
(0.051) (0.057) 

Log-likelihood -357.32 -348.25 -355.91 -345.69 

Note: The dependent variable is a dummy for correctly solving the nonogram.  All regressions include 665 
observations and 80 clusters.  Standard errors, reported in parentheses, are corrected for clustering at the individual 
(session) level in individual (team) sessions.  Three (***), two (**), and one (*) stars indicate statistical significance 
at the 1%, 5%, and 10% levels respectively. 

 
Model 3 repeats Model 1 from Table 4.  We include Model 3 to remind readers of the 

estimated treatment effects for Team-Cost and Team-No Cost.  Model 4 adds the controls for the 

frequency of relevant messages and suggestions from Model 2.  Comparing Models 2 and 4, 

these three estimates are little changed.  The effect of relevant messages is somewhat stronger 

and is now significant at the 5% level, and the estimates for correct and incorrect suggestions are 

almost unchanged.  Comparing Models 3 and 4, the treatment effects are flipped.  Team-Cost has 



25 
 

a small and insignificant effect while Team-No Cost has a large and significant effect.  The 

reason that teams with message costs perform relatively well is differences in the frequency and 

types of messages sent by followers. 

Conclusion 6:  Teams that send more messages do worse at solving puzzles.  The data is not 

consistent with H3.  Incorrect suggestions are very damaging to a team’s chances of solving 

a puzzle. 

 

6.  Discussion 

A. Why Do Messages Have a Negative Effect: Model 2 in Table 6 picks up a negative effect from 

sending relevant messages, a weak positive effect from correct suggestions, and an extremely 

strong negative effect from incorrect suggestions.  We interpret these as representing two 

different types of effects.  The effect of relevant messages is due to congestion.  It takes time to 

process a relevant message, thinking about whether the content is useful and how to respond to 

it.  If much of the content is of marginal use, this shows up as a negative effect.20  The model 

described in Section 4 captures this effect via process loss.   

The effects of correct and incorrect messages are more direct, following from the nature 

of the puzzles.  Much of the literature about teams working on intellective tasks focuses on 

eureka-type problems.  These problems feature a single critical insight that is hard to obtain but 

easily grasped once stated.  A nonogram is not a eureka-type problem.  Solving a nonogram is a 

cumulative process, requiring teams to have a long series of interconnected small insights.  Small 

mistakes are often not obvious, but can have a big effect by knocking a team off the path to a 

correct solution.  Many correct steps can be undone by a single undetected error.  With only a 

finite amount of time to solve the puzzle, it is hard to recover from the long delay caused by such 

                                                        
20 If we add a control for the frequency of irrelevant messages to Model 2 in Table 6, the estimated effect is small 
and not significant.  The other estimates are largely unaffected.  The lack of an effect from irrelevant messages 
suggests that the negative effect of relevant messages is not primarily due to the time needed to read the message. 
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a detour.  This is consistent with good suggestions having relatively little effect, as each good 

suggestion is just one of many needed, while incorrect suggestions tend to be catastrophic. The 

model described in Section 4 captures this effect via fatal errors.   

To see how adding fatal errors or process loss affects the predicted performance of teams, 

recall from Section 4 that, under some simplifying assumptions, the model yields Equations 1 – 3 

respectively for the likelihood of a correct solution for the truth-wins (TW) baseline with neither 

fatal errors nor process loss, the case with just fatal errors (TWFE), and the case with just 

process loss (TWPL).  These three equations are reproduced below.  

(1) TW:  = 1 െ (1 െ  ௦)

(2) TWFE:  = (1 െ ) כ ൫1 െ ൫(1 െ  െ ௦)/(1 െ  )൯൯
(3) TWPL:  = 1 െ (1 െ  ௧)

Suppose ps = 0.6, roughly the same as in our data. Given that n = 4, TW yields p = 

97.4%, much higher than our data from teams.  With a fairly low rate of fatal errors (relative to 

the frequency of incorrect suggestions in the data), pe = 0.1, TWFE yields p = 64.9%.  This is 

similar to what we observe for teams in our data; it does not take much likelihood of fatal errors 

to wipe out the positive effect of having a team.  For settings like nonograms where team 

performance is highly susceptible to errors by team members, we should not expect teams to do 

much better than individuals. 

Process loss also limits the effectiveness of teams, but it takes rather severe process loss 

to cut the success rate of teams to levels close to what we observe in our experiment.  For 

example, suppose that individuals are only half as likely to correctly solve a nonogram within a 

team (pt = .3).  TWPL yields p = 76.0%.  This illustrates the relative importance of fatal errors.   
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B. Causality: The negative effects of follower messages on performance could reflect reverse 

causality if groups that are struggling with the nonograms send more messages per minute.  The 

data suggest that this is not the case, since there are more follower messages with easier 

puzzles.21  The correlation between solution rates and message frequency is 0.87.  In other 

words, followers send more messages in easy problems.    

 On a more formal level, we can rerun Model 1 from Table 6 using a dummy for the 

Team-Cost treatment as an instrument for the number of message sent per minute.  The resulting 

estimated marginal effect is -0.067.  This is larger than the estimated marginal effect in Model 1 

from Table 6 and is significant at the 10% level.22  This result indicates that the negative effect of 

follower messages is not due to reverse causality.23   

  
C. Why is the Effect of Message Costs Small?: Compared to Team-No Cost or Individual, 

solution rates are significantly higher in Team-Cost.  However, this is a case where the 

distinction between statistical and economic significance is important.  The magnitude of the 

effect is modest. One might ask if the effect of follower messages is strongly negative, and the 

Team–Cost treatment dramatically reduces the number of messages, why isn’t the positive effect 

of the Team–Cost treatment larger?  The monetary cost of sending messages is per message and 

does not depend on the message content; sensibly, followers respond to the increased message 

                                                        
21 The average number of messages per minute by followers is 1.00, 0.99, 0.94, 1.12, and 1.11 for Rounds 6 – 10, 
respectively, with solution rates by teams of 70.7%, 63.1%, 52.3%, 72.3%, and 81.5%. 
22 The standard error is 0.040.  The small reduction in significance reflects the loss of power from using an 
instrument. 
23 Causality could run in the reverse for incorrect suggestions as well.  When a group gets off the solution path for 
whatever reason, subsequent suggestions are more likely to be wrong. However, the effect of incorrect suggestions 
is highly nonlinear.  If we fit a quadratic response to incorrect suggestions, the magnitude of the marginal effect of 
incorrect suggestions is a decreasing function of the number of incorrect suggestions.  In other words, most of the 
negative effect comes from the first few incorrect suggestions.  This suggests that the effect comes from knocking 
the group off the path to a correct solution.   
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cost by inserting many more suggestions into each message (recall that the number of 

suggestions per message almost doubles).  This partially undoes the positive benefit of having a 

message cost, as the reduction in negative suggestions (the most damaging sort of message) is 

less than the reduction in messages.  Consistent with messages being denser, the marginal 

negative effect of a message is significantly larger with message costs.  Getting rid of congestion 

effects is difficult because subjects find ways around an increased cost of messages.24   

 
D. Comparisons to Previous Work: As mentioned earlier, previous studies of team decision-

making have found larger gains than we observe from team members communicating or 

consulting with each other.  Shaw (1932) found that across three different problems, individuals 

solved only 8% of the problems while teams were successful on 53% of them.  

Another example comes from Charness et al. (2010), who present participants with a 

problem that requires a single, clear insight to solve.  Participants in pairs or trios could consult 

with each other before making an individual choice.  Error rates in this eureka-type problem are 

reduced considerably – the rate for people in pairs is 25% lower than for individuals, and the rate 

for people in trios is 62% lower.  And yet even these large improvements do not match the truth-

wins norm, if we take the 45.0% error rate for individuals as the baseline (calculations give 

corresponding rates of 20.2% and 9.1% for pairs and trios, respectively.  

Cooper and Kagel (2005) find synergies beyond the truth-wins norm in a limit-pricing 

task in which the critical insight is that low-cost monopolists must avoid output levels that 

myopically appear to maximize profits in order to avoid pooling by high-cost monopolists, 

thereby deterring entrants.  They find that low-cost monopolists in actual two-person teams do 

                                                        
24 In hindsight, charging on the basis of words or characters might have been better.  But then again, charging a 
small fraction of a penny for each occurrence would probably have been confusing and unrealistic. 
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better than two-person teams simulated with the truth-wins model.  This result has been 

replicated in Cooper and Kagel (2009, 2016).  

 In contrast to the strong improvements in these previous studies, we find only a small and 

insignificant improvement (from 62.1 percent to 65.6 percent) in our Team-No Cost treatment 

and a modest one (70.3 percent) in our Team- Cost treatment.  As described above, we believe 

this reflects the differing nature of the problems being considered.  The effect of teams is likely 

to be highly dependent on the nature of the intellective task facing a team. 

 
E. Implications for Organizations: The most basic insight for organizations from our research is 

to maintain a healthy skepticism about the benefits of teams.  Forming a team is costly.  While 

the literature contains many examples where teams are quite helpful, our findings indicate there 

are settings where this is unlikely to be true.  This is related to the nature of the task at hand.  In 

multi-step problems where one mistake is likely to have severe implications, forming a team can 

have limited value.  The benefits of having more positive suggestions go hand in hand with the 

costs of having more disastrous suggestions. 

 We suggest that rather than forming a team, managers who are struggling with a problem 

and need help would do better to delegate the task.  The primary benefit of having a team is 

getting the performance of the best team member.  Having a team dilutes this effect.  If there is a 

good method available to identify to the most able team member, it almost certainly works better 

to simply hand the task off to the best team member. 

 To make this more concrete, consider a straightforward prediction exercise for our 

experiment.  We make use of the obvious measure of ability in our experiment, performance in 

Stage 1.  Start by running a probit regression on data from Stage 2 of the Individual treatment.  

This estimates the likelihood of solving a puzzle as a function of the period, whether there was a 
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time bonus, which pay was used for correct/incorrect puzzles, and performance in Stage 1 

(specifically, the average number of incorrect cells).  We then select the most able member of 

each team in Stage 2 of the two team treatments.  Using the probit equation described above, we 

predict the probability that the selected individual would have solved the puzzle if they had been 

working alone as in the Individual treatment.  Averaging across all periods, the predicted 

solution rate if the puzzle were delegated to the most able member of each team is 85.1%.  This 

is far better than was observed in either team treatment. 

F. Gender: Controlling for ability, teams with more women are significantly more likely to solve 

the puzzles.25  We have noted that men send significantly more message than women.  Why is 

this?  In a setting where messages are harmful, this is an obvious problem.  

 One strand of literature shows convincingly that men are more overconfident than women 

(e.g., see Barber and Odean, 2001; Niederle and Vesterlund, 2007; Grossman and Owens, 2012; 

Charness, Rustichini, and van de Ven, 2014). In addition, it has been suggested (e.g., Sandberg, 

2013) that women do not “lean in” sufficiently, contributing to the well-known gender gap in 

wages and to representation in the leadership of large firms.26  Babcock and Laschever (2003) 

suggest that women are not sufficiently aggressive in negotiations and interaction, again 

contributing to the gender gap in wages.  In our environment, these stylized facts would mean 

that women are more reluctant share their insights in team settings.  In many settings this has 

negative implications.  For example, Cooper and Kagel (2016) find that performance in advisor – 

                                                        
25 The notion that women have better skills in group decision-making and the previous results (cited earlier) might 
predict this. There is a rationale from evolutionary psychology supporting the notion that women are more 
accustomed to working in groups than men are. In hunter-gatherer times, it is felt that men were more involved in 
hunting while women were more involved in cooperative efforts to raise the tribe’s children and to maintain the 
homestead.  Even in contemporary times, results from the Prisoner’s Dilemma in Charness and Rustichini (2011) 
suggest that the prevailing ethic among women is to cooperate, while the prevailing ethic among men is to defect. 
26 Sandberg writes: “I believe that if more women lean in, we can change the power structure of our world and 
expand opportunities.” 
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advisee pairs is low, in large part because female advisors are relatively unwilling to give advice.  

But in some cases personality traits generally considered to be detrimental may actually be 

beneficial.  Our experiment is apparently one of these.  This has implications particularly for the 

construction of teams and for how teams should be expected to perform. 

 

7.  Concluding Remarks 

There is a large experimental literature in economics that finds that groups are substantially 

better at intellective tasks than individuals are, in the spirit that “two (or more) heads are better 

than one.” But it may not be the case that teams will always do dramatically better than 

individuals, particularly when solving a problem requires a series of incremental steps rather than 

a clear (an ex-post transparent) central insight.  In solving multi-step problems, a single fatal 

error can permanently throw a group off the path to a correct solution and it only takes one group 

member to commit a fatal error. 

Improved performance with teams is typically is driven by communication amongst the 

members of the group. In nearly all of the relevant research, communication has no monetary 

cost.  We have participants work on a difficult puzzle, either individually or in groups of four.  

Groups can communicate internally via unrestricted free-form chat. Messages in general are not 

helpful, reflecting apparent process loss, and incorrect suggestions are deadly. To reduce such 

congestion and the number of frivolous and incorrect suggestions, we conduct sessions with a 

very small cost for sending a message. Imposing this cost dramatically reduces the number of 

messages sent and significantly improves the solution rate.  

We find that even though males outperform females on the individual task, group 

performance improves monotonically with the number of females in the group and the 

magnitude of the improvement is considerable.  While this study was not intended to identify 
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gender effects, we think this is an interesting result that merits further examination.  It is 

consistent with previous research suggesting that women have a higher degree of “social 

intelligence” and tend to work better in groups than males do.  Since women send fewer 

messages than men, this may also be a case where a reluctance to “lean in” or having less 

overconfidence leads to better outcomes due to a lower degree of congestion.   

Our study provides a cautionary note regarding group performance relative to individual 

performance.  Even in the best-case scenario with message costs, the positive effect of having a 

team, while statistically significant, is modest.  It is not always more effective to combine 

workers into groups.  This is true even if the goal is to accomplish one specific task, and is even 

more the case when we consider that workers could potentially work at separate tasks with a 

much higher total organizational value.  We suggest that delegating to an able subordinate will 

often be a more effective managerial strategy than forming a team. 

A related point is that more communication is not always better than less. When 

communication is unreliably effective and is likely to introduce damaging errors, it may be 

effective to limit communication by imposing a very small cost for sending a written or verbal 

message. Unfortunately, our study also illustrates the limitations of this approach as subjects 

quickly figured out how to jam more content into the same number of messages.  

Further research is needed to determine the robustness of our findings with different team 

structures, problems, or communication protocols as well as identifying better methods of 

limiting the harmful aspects of communication while retaining the positive features.   
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Appendix A: A Simple Model of Teams 

Basic Model: Consider a team of n individuals solving a multi-step logic problem.  A multi-step 

problem consists of K steps.  The steps must be solved in a fixed order, so step k + 1 cannot be 

started until step k has been completed.  To complete the problem, all K steps must be completed 

correctly within a time limit T.  Fixing terminology, we refer to solving a step or a step solution 

when an individual or team has correctly completed a single step.  We refer to solving the 

problem or a problem solution when all K steps have been correctly completed. 

For each individual i, the time to generate a potential step solution is a random variable: ݐ~ ݂ூ(ݐҧ  ௧ଶ give the mean and variance.  Since it isn’t possible to generate aߪ ҧ andݐ ௧ଶ) whereߪ,

solution in zero or negative time, we assume that ti > 0.  We assume there are two types of 

individuals, fast and slow.  Let pf be the probability that an individual is a fast type.  For a fast 

individual ݐҧ = ҧݐ  and for a slow individualݐ = ݐ ௦.  By assumptionݐ < ݐܭ ௦ andݐ < ܶ <   .௦ݐܭ
In other words, fast individuals on average solve the puzzle before the time limit expires while 

slow individuals do not. 

One of the striking features of our data is the large negative effect of incorrect 

suggestions.  Even a single incorrect suggestion lowers the probability of a correct solution by 23 

percentage points.27  This follows from the nature of the nonograms.  It is quite costly if an 

individual or team makes a mistake filling in the grid and doesn’t quickly catch it.  Eventually 

they will hit a dead end, but this takes some time and finding an error long after the fact is 

challenging.  Restarting the puzzle is an option, but is unlikely to yield success since the whole 

process must be redone (and in practice they do not restart the puzzles).  We build this type of 

mistake into the model by allowing for the possibility of “fatal” errors. With probability si a 

                                                        
27 To estimate this probability, we modify Model 1 from Table 6 by adding a dummy for having a positive number 
of incorrect suggestions. 
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potential step solution by individual i is correct and with probability 1 – si it is a fatal error.  A 

mistake is fatal in the sense that once a fatal error is made, the individual is certain to not 

complete the problem correctly.  We assume there are two types of individuals, high and low 

accuracy. Let pH be the probability that an individual is a high accuracy type.  For high accuracy 

individuals si = 1 and for low accuracy individuals si = s where 0 ≤ s < 1.  This implies that only 

low accuracy individuals ever make fatal errors. 

Each individual’s type has two dimensions (speed and accuracy).  We assume these two 

dimensions are drawn independently.  Subject to an individual’s type, we assume the time to 

generate a potential step solution and the probability of a correct step solution versus a fatal error 

are independent across steps. 

For individual i, the probability of solving the problem (ௌ) is given by Equation A.1.  

The first part of this formula is the probability that no fatal errors are made and ܨூ(k,k) is the cdf 

of the time it takes individual i to generate k potential step solutions evaluated at time k.  For an 

individual, this has a mean of ݐܭҧ and variance ߪܭ௧ଶ. ௌ =  (Eq. A.1) (ܭ,ܶ)ூܨ(ݏ)

As a useful simplification, consider the limit as ߪ௧ଶ ՜ 0.  In the limit, slow individuals 

will never solve the problem and fast individuals will always solve the problem if they make no 

fatal errors.  This implies that an individual who is fast and good will always solve the problem.  

The probability that a fast, low-accuracy individual solves the problem equals ൫ݏ൯ , the 

probability of making no fatal errors.  Now suppose we have a problem that requires many short 

steps.  Mathematically, consider the limit as ܭ ՜ λ while holding ݐܭҧ fixed.  In the limit, the 

probability that a fast, low accuracy individual solves the problem goes to zero.  In this case, the 
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probability that a randomly drawn individual solves the problem is equal to pfpH, the probability 

of being a fast, high accuracy type. 

For a team, assume each individual works independently on each step taking previous 

progress as given (this does not imply that teammates are not communicating, rather that they 

think about the current step and only talk once they have a potential step solution).  The team 

generates a potential step solution when the first of the n individuals generates a potential step 

solution.  For each individual i within a team, the time to generate a potential step solution is a 

random variable: ݐ~ ்݂(ݐҧ  ௧ଶ).  For now we assume that the distribution of times to generate aߪ,

potential step solution is the same working within a team as when individuals are working alone: 

்݂(ݐҧ (௧ଶߪ, = ݂ூ(ݐҧ  ௧ଶ).  We later relax this assumption when we introduce the possibility ofߪ,

process loss. 

As before, with probability si a potential step solution is correct and with probability 1 – 

si it is a fatal error.  These probabilities are, for now, assumed to be unaffected by working within 

a team.  We assume that individuals’ types (speed and accuracy) are independent within a team.   

Once again, consider the limit as ߪ௧ଶ ՜ 0.  This implies that only fast types play a role in 

whether or not the team successfully solves the puzzle, since the first teammate to generate a 

potential step solution will always be a fast type.  For each step, each fast type is equally likely to 

be the first to generate a potential step solution. Let p(a,b) be the probability that a team contain 

a individuals who are fast, high accuracy types and b individuals who are fast, low accuracy 

types.28  Consider a team with a individuals who are fast, high accuracy types and b individuals 

who are fast, low accuracy types.  For each step, the probability that the team’s potential step 

                                                        
28 This is a multinomial distribution: p(a,b) = 

!!!(ିି)!
൫ு൯ ቀ(1 െ ு)ቁ ൫1െ  .൯ିି
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solution is correct, as opposed to a fatal error, equals 
ା௦ା  if ܽ + ܾ > 0; if a = b = 0 this 

probability is zero.  The probability of a team solving the problem (ௌ்) is given by Equation 

A.2.29 

ௌ் = σ σ ,ܽ) ܾ) ቀ 
ା௦ା ቁ + σ ,0) ܾ) ቀ 

௦ ቁୀଵିୀୀଵ  (Eq. A.2) 

Once again suppose we have a problem which has many short steps.  Mathematically, 

consider the limit as ܭ ՜ λ while holding ݐܭҧ fixed.  Define Ƹ = ಹଵି(ଵିಹ)
.  This is the 

probability of being a fast, high accuracy type conditional on not being a fast, low accuracy type.  

In the limit, Equation A.2 reduces to Equation A.3. ௌ் = ቀ1 െ (1 െ ு)ቁ (1 െ (1 െ  Ƹ)) (Eq. A.3)

This is the TWFE equation (Equation 2 in the text) where the probability of a fatal error 

is given by (1 െ  ு) and the probability of an individual successfully solving the problem is

given by ு.  The intuition is straightforward.  If a team has at least one person who is fast and 

low accuracy, the team is almost certain to fail when the problem has many steps because this 

individual will eventually be the first to propose a step solution and make a fatal error.  

Otherwise, the team will succeed as long as it contains at least one person who is fast and high 

accuracy.  Having a bigger team is good because it makes it more likely that you draw somebody 

who can solve the problem (i.e. a fast, high accuracy type).  But once you have that person, 

adding members to the team is bad because you may add somebody who blows up the whole 

process of solving the problem (i.e. a fast, low accuracy type).   

                                                        
29 Given a team with a positive number of fast types, the composition of which is given by a and b, the probability of 

a correct solution is ቀା௦ା ቁ. Because we do not know the composition of a team, the overall probability of a 

solution is the sum of this value across all possible compositions, weighted by the probability of each composition. 
Note that the formula excludes the case when both a and b are zero, because the probability of a solution is zero in 
that case. 
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If there are only high accuracy types, Equation A.3 reduces to the standard TW equation  

(Equation 1 in the text).  Without fatal errors, teams should do dramatically better than 

individuals.  As the probability of a fatal error rises, captured through the likelihood of drawing a 

fast, low accuracy type, the probability of success for a team declines and the gap between 

individuals and teams is reduced.  The multi-step nature of the problem plays a critical role in the 

preceding argument.  In any one step, the odds that a low accuracy type makes a fatal error may 

be low, but if there are many steps it becomes highly probable that a fatal error occurs.  

Nonograms are a type of problem where we should expect teams to do relatively poorly 

compared to individuals (i.e. not do much better than individuals) because these are problems 

with many small steps where a small undetected mistake can have extreme long term 

consequences. 

Extensions:  The preceding assumed that individuals embedded within a team were equally fast 

and equally likely to make a fatal error as individuals operating independently.  Neither 

assumption is likely to hold in reality, an important factor in understanding likely outcomes and 

the likely effect of adding a message cost. 

There is good reason to believe teams suffer from process loss.  This is a catchall term for 

factors that make individuals slower in teams.  Possible causes of process loss include the time 

needed to write messages, time needed to read and interpret messages, and free-riding.  In the 

chat transcripts we observe that teams were frequently hampered by the difficulty of effectively 

communicating and interpreting specific advice about how to mark the board.  We also observe 

that team members occasionally sat on the sidelines offering few or no remarks. This may reflect 

an inability to keep up with faster teammates or an effort by a low-ability individual to avoid 

hampering the group effort, but it may also have been free-riding.  From a mathematical point of 
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view, we can model the process loss as ்݂(ݐҧ (௧ଶߪ, = ߣ ݂ூ(ݐҧ  ௧ଶ), where そ > 1 or by assuming theߪ,

likelihood of a fast type, pf, is lower in teams.  Either approach implies that individuals are 

systematically slower in teams, reducing the performance of teams relative to individuals.  We 

stick with the former approach in the following discussion as it yields a richer discussion of how 

message costs might affect teams, but the latter approach is simpler and leads directly to 

Equation 3 in the text. 

Implicit in our definition of a fatal error is the idea that all mistakes are not fatal.  An 

individual/team only makes a fatal error when a mistake is made and not immediately caught.  It 

follows that the possibility that an individual makes a fatal error when embedded within a team, ݏ் , may be different from si, the probability of making a fatal error when operating 

independently.  Mathematically, we model this as ݏ் = ݏߜ .  The value of h could reflect a 

higher chance of catching mistakes when teammates can provide help, or a higher probability of 

making mistake due to misinterpretation of messages.  Both are observed in the chat transcripts.  

We tend to think the former factor is more important than the latter, making it natural to assume 

h > 1. 

The probability that a team solves a problem is a decreasing function of そ and an 

increasing function of h.  Suppose that a small cost for sending messages is added to the 

experiment.  We anticipate that this will reduce そ as individuals will be less likely to send 

extraneous messages or messages with low marginal value.  While the effect on h is less clear, 

we expect it will be positive.  Catching errors is cognitively demanding.  We suspect it is easier 

when there are fewer distractions from low value messages.  Based on the effect of reduced 

process loss, we predict teams will be faster with a small message cost.   



42 
 

Summary:  In the absence of fatal errors and process loss, teams are expected to dramatically 

outperform individuals.  Even a small probability of a fatal error dramatically reduces the 

performance of teams.  It only takes one able individual to solve a problem and having a team 

gets you the best person’s insights.  However, it only takes one incompetent to short circuit the 

entire process and having a team also gets you the worst person’s mistakes.  Process loss slows 

down teams and makes them less likely to solve a problem before the deadline.  If the primary 

effect of adding a message cost is reduced process loss, the performance of teams should 

improve. 
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Appendix B: Instructions (Team – Cost, Low Pay, No Time Bonus) 

 

Experiment Instructions  

 

 

 

Welcome 

 

    This is an experiment in the economics of decision-making.  Several research institutions have 
provided funds for this research.  You will be paid for your participation in the experiment.  The exact 
amount you will be paid will depend on your and/or others' decisions.  Your payment will consist of the 
amount you accumulate plus a $10 show-up fee.  You will be paid privately via check at the conclusion of 
the experiment.  
 
     If you have a question during the experiment, raise your hand and an experimenter will assist you.  
Please do not talk, exclaim, or try to communicate with other participants during the experiment.  Please 
put away all outside materials (such as books, bags, notebooks, cellphones) before starting the 
experiment.  Participants violating the rules will be asked to leave the experiment and will not be paid. 
 

 

 

Basic Structure 

 

     Today you will solve a series of puzzles called nonograms.  First you will learn the basic rules of the 
puzzle and then you will try your hand at solving some nonograms individually.  You will be paid $0.50 
for each nonogram you solve within the time limit in the individual stage. 
 
    After that, we will form groups of four participants and you will solve more difficult nonograms with 
your group.   You will paid $3 for each nonogram your group solves within the time limit in the group 
stage.  You will be able to consult with other members of your group using a chat box, but you will be 
charged a small fee for each chat message.  
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What is a Nonogram? 

 

A nonogram is logic puzzle.  The rules are simple.  You have a grid of squares, each of which must either 
be marked with an X or left blank.  Beside each row of the grid are listed the lengths of each �run� of 
continuous X�s in that row, in order.  Above each column are listed the lengths of each �run� of continuous 
X�s in that column, in order.   
 
Your aim is to find and mark all the X�s.  Click on a square to mark it with an X and click on it again to 
unmark it.  If you would like to clear all the X�s from the grid, click �Retry (clear board)�.  If you have 
finished, click �Check Answer�.   
 
Below is an example screenshot of a 5x5 nonogram (5 rows, 5 columns). For reference, we have labeled 
the rows with roman numerals I � V and the columns with letters A � E.   
 
Note that row II is labeled with a �2�.  This means that there are two X�s in a row, with no spaces between 
them, somewhere in that row.   
 
Row IV is labeled with a �1� and a �3�.  This means that in that row, there is one X and then three X�s in a 
row, separated by one or more blank spaces.   
 
Finally, look at column C, which is labeled with a �1� above a �2�.  This means that there is one X and then 
two X�s in a row, separated by one or more blank spaces.  
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Below is a screenshot of what this puzzle looks like when it is correctly completed. 
 
 

 
 

Before learning more details, we will pause for questions.  
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Individual Stage 

You will have 95 seconds to complete each of the five nonograms in the individual stage.  Each puzzle has 
5 rows and 5 columns (5x5), and if you complete it before the time is up, you will earn 50 cents. 
  

Group Stage 

There are five rounds in the group stage.  In each round, everyone will be randomly assigned into groups 
of four.  You are not with the same group for all five rounds; in each round you will be assigned to a 
different group of people.  The groups are anonymous�you will not know which of the other people in 
the room are in your group.  In each round, your group will work together to solve a 10x10 nonogram 
with a time limit of 540 seconds (9 minutes).   
 
Although everyone in the same group can see the puzzle, only one person, called the Leader, will be able 
to mark or unmark the squares on the board.  Other than this, there is no distinction between the group�s 
Leader and the rest of the people, who are called Followers.  You will be in the same role (Leader or 
Follower) for all five rounds.   
 
Players in the same group may communicate with and advise each other using a chat box.  This will be 
available until you have solved the problem or the time limit is reached. Chat messages will be displayed 
to all other members of the same group.  Only people in your group will be able to see your messages.  
Each person in the group has a chat id (1 � 4) so you can identify who is sending messages.  The chat ids 
are randomly generated in each round, so your chat id will change from round to round. 
 
The chat box works much like an IM program.  You have a box to type messages.  When you hit the enter 
key, all four members of the group see your message. When using the chat box, we ask that you follow 
two simple rules: (1) Do not send any messages that would allow another group member to identify you 
and (2) please avoid offensive language. 
 
If your group completes a puzzle within the time limit, each person in the group will earn $3.  If you do 
not solve the puzzle, each person will earn $0.  Every chat message that you send will cost you $0.01, 
regardless of whether or not your group completes the nonogram.  
 
Example 1:  If your group completes the nonogram and you sent 10 chat messages, you will earn $2.90 = 
$3.00 - $0.10 for the round. 
 
Example 2:  If your group does not complete the nonogram in the 9 minutes and you sent 20 chat 
messages, you will lose $0.20 for the round. 
 
Your earnings for the session are calculated by adding your earnings from the five individual rounds to 
your earnings from the five group rounds, as well as your $10 show-up fee. 


