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A. Methods 

Participants 

Participants were 540 undergraduate students in a large university business school. These 

participants were organized into 129 groups of 3-5 members. Students were offered course extra credit for 

participation. 

Tasks and Performance Measures 

Groups completed three tasks with a range of production and coordination activities—(1) a 

brainstorming task (low-coordination); (2) a decision task with alternatives provided (high-

coordination)—namely, the college admissions task; and (3) a more complex task that involves 

generation, decision, and optimization of solutions (high-coordination)—namely, the candy profitability 

task1.  

In the brainstorming task, participants were given seven minutes to brainstorm ideas to increase 

tourism to the city in which the university was located. Participants were instructed that groups with the 

most high-quality ideas would score the highest. The tourism task is a classic brainstorming task that has 

been used in many studies (Dean et al. 2006; Dennis, Minas, & Bhagwatwar 2013). Performance on the 

brainstorming task was determined as the number of unique ideas produced by each individual or group2. 

                                                      
1 Specific to the analysis of a collective intelligence factor, exact replication of tasks used in previous collective 

intelligence studies is not desired (Engel et al. 2014), as the goal is to examine performance across different tasks. A 

perfect replication would raise concerns about generalizability to other tasks. A collective intelligence factor should, 

by definition, predict consistently high performance across multiple, different types of tasks. 
2 Brainstorming tasks are sometimes scored by coding the data to measure quality of ideas instead of number of 

ideas. However, quantity of ideas is a commonly used measure in brainstorming research and has been repeatedly 

shown to be highly correlated with quality of ideas (Briggs et al. 1997). 
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Brainstorming is an additive task because performance is the sum of individual work. While some 

coordination is required, performance mostly depends on individual production of ideas. Few 

dependencies must be managed in a brainstorming task; thus, the brainstorming task is low in 

coordination.  

The college admissions task, a hidden profile task, was used for the decision-making choice task. 

A hidden profile task is a task in which each group member first considers a set of incomplete 

information, and then the group comes together to make a final decision. Incomplete information includes 

both common information, known to every group member, and unique information, known to only a 

subset of group members (Stasser 1992). A variation of the college admissions task has been used in 

several studies (Fuller & Dennis 2009; Robert, Dennis, & Ahuja 2008). Group members were each given 

a set of information about eight hypothetical candidates applying to a university. Groups were allowed to 

admit up to four of the eight candidates after 20 minutes. They received one point for each correct 

decision (admit or deny), resulting in a performance score ranging from zero to eight. The task was 

validated against official university admissions guidelines.3 The college admissions task requires many 

coordination activities, because there are many dependencies in the task to be managed. Each group 

member has different information about the candidates that must be integrated. Initial preferences of the 

group members are often different and must be resolved. The individual production work in the task is to 

make a decision based on one’s own information, which must be integrated with the decisions of others. 

Thus, the college admissions task is a high-coordination task, with a large convergence component.  

While the first two tasks used in this study are tasks that focus on production and coordination, 

respectively, most real-world group tasks often require both production and coordination. For most 

realistic tasks, groups must brainstorm, negotiate, decide on, and execute strategies to complete the task 

(McGrath 1991). Thus we elected to use a more complex third task – the candy company profitability task 

(Mennecke & Wheeler 2012; Raghavan 1990). In this task, groups are asked to make a distribution 

                                                      
3 Additional validation of the variation of the task used in this study is given in Section E below. 
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decision about a hypothetical candy production firm. Each group member is assigned as a division 

manager with specific resources needs, and group members are given information about the profit 

margins of each division. The groups are asked to make a decision of how to distribute two key 

ingredients to the various divisions to maximize profits for the company. Groups were given 30 minutes 

to complete this task. The performance score for the task is the standardized maximum profit per division 

that could be achieved by the hypothetical company based on the distribution of the ingredients. With this 

task, groups were required to convey information about individual divisions, produce ideas for how to 

address the problem, converge on an appropriate path to follow to solve the problem, and produce a 

solution. Thus, the task is considered high in both coordination and production activities. 

Because we classified the brainstorming task as low-coordination and the other two as high-

coordination simply by intuition, we collected items in the post-survey asking participants about the 

perceived coordination requirements of each task. Participants were asked questions for each task on a 7-

point Likert scale regarding member interdependence (MI) and coordinative complexity (CC). The 

brainstorming task (MI=4.73; CC=4.99) was perceived by participants as requiring less coordination than 

the college admissions (MI=5.63; CC=5.80) and candy profitability (MI=5.77; CC=5.92) tasks. 

Treatments 

This study consists of two randomly assigned between-subjects treatments. In the GCS treatment 

(64 groups), groups used tools from the GCS Toolset implemented using Google Sheets (see Section B 

below for full details, including screenshots). Before completing any group task, groups received a 

training on the Google Sheets tools available to them, using an example task explained by the experiment 

facilitator. Because the GCS Toolset is designed to be tailored to individual tasks and requirements, the 

groups used a unique set of Google Sheets for each of the three tasks that were designed before the 

experiment starts. Further, the tasks were structured to follow specific steps to use the technology to come 

to a solution.  

For example, because the brainstorming task consists only of production activities, the groups 
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used the Google Sheets only to brainstorm as a group. This task structure is not materially different from 

the structure used for brainstorming in the control group because the GCS Toolset is meant only to 

leverage the intelligence of members during coordination activities, of which there were effectively none 

in the brainstorming task.  

For the decision task, a decision matrix was set up with the various candidate alternatives in 

place. The Sheets also contained areas designated for sharing information. The groups received a 

suggested group action plan, which directed them to first share information about candidates in a section 

of the tool designed for conveying critical information. Second, it directed groups to fill out the decision 

matrix with relevant criteria. The third step of the plan was to vote and discuss disagreements iteratively, 

and finally, groups recorded the final decision.  

For the candy profitability task, groups were given an area to share information and an area to 

complete mathematical calculations. They also received a suggested action plan that directed them to 

complete several steps. First, it was suggested that they share the critical information about each division 

in the section designed for conveying critical information. Second, group members were directed to 

generate possible alternative methods to solve the problem. Third, groups were to discuss and decide 

among proposed alternatives. Because only one criterion is relevant (profit), groups should not need a 

decision matrix in order to select the best alternative. Fourth, the groups were to carry out the proposed 

alternative, solving the problem and making adjustments as necessary.  

In the control treatment (65 groups), groups completed the tasks with no extra structure or special 

software provided—instead, they completed the tasks in whatever manner they decided most appropriate 

given the basic instructions, communication software, and tools to record their answers. All groups had 

Google Sheets available to them, though only the groups in the GCS treatment had the spreadsheets set up 

beforehand based on the GCS technique. In the control group, the facilitator suggested that groups share 

information, and allowed groups to do so as they saw fit, but the facilitator did not provide the explicit 

GCS structure or tool. Groups in the control condition had enough time to decide on how to complete the 



5 

 

task, and we allowed them to use shared Google Sheets, the same tool that was used to implement 

coordination techniques in the GCS groups. That is, even though control groups were not provided 

coordination tools such as decision matrices, area to share critical information, etc., they were given the 

baseline tool. Groups were allowed time to discuss how they would complete the problem and what 

technology they might use—however, no explicit action plan was provided4. 

In theory, groups using GCS structured tasks should perform better than groups not using the 

technique, but the research question is not whether groups will simply perform better; rather, the question 

is whether the technique can change the relationship between intelligence and group performance (so that 

group performance becomes a function of individual group member intelligence) and encourage 

consistent performance (i.e., collective intelligence). 

Independent Variables and Control Variables 

Individual intelligence is the ability of an individual to perform well across a variety of cognitive 

tasks (Devine & Philips 2001; Woolley et al. 2010). Participants completed the Wonderlic Personnel Test, 

a cognitive ability exercise that has been validated by academic researchers (Dodrill & Warner 1988) and 

used in numerous studies (Blickle, Kramer, & Mierke 2010; Simon et al. 1996; Woolley et al. 2010). The 

test consisted of 50 questions to be answered in a period of 12 minutes. For each group, the average and 

maximum score was calculated. 

Control variables were also collected. These variables include task order, group size, motivation, 

age, native language, and gender. Gender was measured in two ways, both of which have been shown to 

impact group performance: (1) as a percentage of the group that is female (Woolley et al. 2010) and (2) 

Blau’s diversity index, with a higher number indicating more diversity of gender in the group 

                                                      
4 In fact, several groups in the control condition used the Google Sheets to share important information, make 

calculations, or even vote on a decision in rare cases. For the college admissions task, 12.3% of the control groups 

used the spreadsheet to coordinate (the remaining groups only used the shared spreadsheet to record the final 

answer). For the candy profitability task, 46.2% of control groups used the spreadsheet to coordinate in addition to 

recording the final answer. This indicates that, left alone, many groups do not take advantage of coordination 

techniques or tools that could help them (or use them in the optimal way), but all groups had the opportunity to do 

so. 
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(Hoogendoorn, Oosterbeek, & van Praag 2013). All other variables were averaged at the group level. 

Other constructs that may predict collective intelligence were also measured in order to test their 

correlation with the collective intelligence factor. These include social sensitivity, individual propensity to 

cooperate, individual propensity to trust, emotional intelligence, group motivation, cohesiveness, implicit 

coordination, and mutual trust. We also collected a measure of perceived group intelligence and perceived 

group performance to compare against actual measured task performance and collective intelligence. We 

also collected survey questions about the perceived coordination and production requirements of the 

various tasks and the perception of coordination support provided by the technology used. A full list of 

survey items is included in Section C below. 

Procedures 

Data were collected in computer labs. Participant groups were randomly assigned to one of the 

two treatments. Participants sat at individual workstations where they did not see the computer screens of 

other participants. Participants first completed the Wonderlic intelligence test, then completed the 

“Reading the Mind in the Eyes” test (measuring the social sensitivity construct). For groups in the GCS 

treatment, the next step was to receive a brief training on the GCS Toolset (the Google Sheets that have 

been set up for them). In the control treatment, groups were instructed to use Google Sheets as their tool 

and to use the tool as they considered best.  

Next, participants completed the three group tasks. All groups communicated using only Google 

Chat software, which is a commonly used text-based computer mediated communication (CMC) tool that 

is similar to other text-based CMC tools. Generic Google accounts were used (e.g., “teammember.a1”). 

The three tasks were completed in random order. After the tasks, participants completed a survey online, 

which measured demographic variables and an attention check to filter out any participants who did not 

complete the study seriously. This survey also included other measures shown in Section C below. One of 

these measures was a manipulation check, which asked participants in the GCS treatment to what extent 

their groups followed the suggested Group Action Plan and used the coordination tools and techniques 
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suggested in the training. Groups who reported not using the tools and techniques as instructed were 

removed from the dataset as failing the experimental manipulation. 

B. Additional Details of GCS Procedures for Lab Experiments 

The first step of the Group Coordination Structuring technique is that a task initiator (in this case, 

the authors) should explicitly consider the coordination required in a given task, assignment, or project. 

The initiator should also consider the potential issues that the group will face in completing these 

coordination activities. The implementation of this step for the three tasks in the GCS treatment is 

summarized below in Table B1. 

Table B1. Coordination requirements and potential issues 

Task Coordination requirements Potential coordination issues 

Brainstorming 

about tourism 

Create one final list of ideas Duplicate work if they can’t see the ideas of others  

College 

admissions 

task 

Convey information about 

candidates; convey important 

criteria; converge on a set of 

suitable candidates 

Group members might not share all information; 

group members might try to solve the problem 

without being able to see all relevant information; 

groups might not come to consensus because they 

can’t resolve differing preferences; groupthink. 

Candy 

profitability 

task 

Convey information about different 

divisions; decide on a way to solve 

the problem; solve the problem and 

list a single answer 

Might not share all information; try to solve the 

problem individually without seeing work of others; 

concede to solve the problem in a suboptimal way 

rather than share new idea/approach to solve the 

problem. 

 

Second, based on the coordination requirements, the facilitator selects what technology and tools 

the group will use to carry out the task. For the GCS treatment in our lab experiment, the tools selected 

for group use are summarized below in Table B2. 

Table B2. Tools to address potential coordination issues in experiment tasks 

Task Potential coordination issues Tools 

Brainstorming 

about tourism 

Duplicate work if they can’t see 

the ideas of others 

Provide a shared space where group members are able to 

edit and work on problems simultaneously 

College 

admissions 

task 

Group members might not share 

all information; group members 

might try to solve the problem 

without being able to see all 

relevant information; groups 

might not come to consensus 

because they can’t resolve 

differing preferences; 

groupthink 

Provide a shared space where every group member is 

encouraged to share and integrate information; keep this 

space separate from the back-and-forth dialogue of the 

group. 

Provide a shared space where group members are able to 

edit and work on problems simultaneously. 

Provide a decision matrix, where group members must 

explicitly list alternatives, criteria, and weighting, and 

specific areas of disagreement are highlighted by the 

tool. 
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Provide anonymity in listing and rating alternatives and 

criteria; encourage or require all group members to rate 

alternatives individually before sharing ratings with 

group members. 

Candy 

profitability 

task 

Might not share all information; 

try to solve the problem 

individually without seeing 

work of others; concede to solve 

the problem in a suboptimal way 

rather than share new 

idea/approach to solve the 

problem 

Provide a shared space where every group member is 

encouraged to share and integrate information; keep this 

space separate from the back-and-forth dialogue of the 

group. 

Provide a shared space where group members are able to 

edit and work on problems simultaneously. 

Provide shared space for listing alternatives; anonymity 

in listing alternatives to solve the problem. 

 

The third and final step of the GCS technique is to create a plan of action, specifically planning 

the steps that groups should follow to complete the task using the chosen technologies. We considered 

each of the potential coordination issues listed in Table B1, and planned specific steps to address these 

coordination issues. The suggested action plans for each of the three tasks are listed below in Table B3. 

 

Table B3. Suggested action plan for groups to follow for each task 

Task Suggested Action Plan 

Brainstorming 

about tourism 

1. Discuss and list ideas to increase tourism to Bloomington. 

College 

admissions task 

1. Share important information. 

2. Fill out the decision matrix with criteria important to the decision. 

3. Give weights to criteria. 

4. Rate each alternative on each criteria on Individual sheets. 

5. Using group decision matrix, resolve points of disagreement. 

6. Decide up to 2 of the candidates to admit to the university, and record 

your decision in the black area of the spreadsheet. 

Candy 

profitability task 

1. Share important information about each division. 

2. Discuss ideas for solving the problem. 

3. Come up with a few alternative methods for solving the problem. 

4. Pursue a path to solve the problem. 

5. On the right, list the final solution. 

 

 

Screenshots of GCS tools implemented in Google Sheets for each task in the GCS treatment are 

shown below in Figures B1-B3. 
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Figure B1. Screenshot of group sheet for brainstorming task 

 
 

 

 

 

Figure B2. Screenshot of group sheet for candy profitability task 
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Figure B3. Screenshots of group and individual sheets for college admissions task 

 
 

 
 

C. Measurement Items 

Table C1. List of survey items 

Construct Survey Item(s) Notes 

Demographic variables 

Gender My gender is: [Male],[Female],[Prefer not to 

answer] 

Native Language Is English your native language? [Yes],[No] 

Age Please indicate your age. Open response 

Individual-level traits and motivation 

Social sensitivity The multiple-choice task consists of 36 

consecutive photographs of eyes, where 

participants respond with the emotion that 

the photographed person is feeling. 

For each photograph, participants 

decide among four given choices. 

Developed by Baron-Cohen et al. 

(2001). 

Propensity to 

cooperate 

I often contradict others. (R) 

I hate to seem pushy. 

I insult people. (R) 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items taken from Fisher et al. 
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I love a good fight. (R) 

I am easy to satisfy. 

I hold a grudge. (R) 

I have a sharp tongue. (R) 

I get back at others. (R) 

I often yell at people. (R) 

I can’t stand confrontations. 

(2012). 

Propensity to trust I usually trust what people say. 

I distrust people generally. (R) 

I believe that people are basically moral. 

I believe that others have good intentions. (R) 

I often suspect hidden motives in others. (R) 

I believe in human goodness. (R) 

I believe that people are essentially evil. (R) 

I generally trust others. 

I am wary of others. (R) 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items taken from Fisher et al. 

(2012). 

Emotional intelligence I have a good sense of why we have certain 

feelings most of the time. 

I have good understanding of our own 

emotions. 

I really understand what we feel. 

I always know whether or not we am happy. 

I always know our friends’ emotions from their 

behavior. 

I am a good observer of others’ emotions. 

I am sensitive to the feelings and emotions of 

others. 

I have good understanding of the emotions of 

people around me. 

I always set goals for myself and then try our 

best to achieve them. 

I always tell myself we am a competent person. 

I am a self-motivating person. 

I would always encourage myself to try our 

best. 

I am able to control our temper so that we can 

handle difficulties rationally. 

I am quite capable of controlling our own 

emotions. 

I can always calm down quickly when we am 

very angry. 

I have good control of our own emotions. 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items taken from Wong and Law 

(2002) (validated in Law et al. 

(2004)) 

Group-level characteristics and motivation 

Group Task 

Motivation: General 

I feel a real sense of personal satisfaction when 

our team does well. 

I feel bad or unhappy when our team has 

performed poorly. 

My own feelings are not affected one way or 

the other by how well our team performs. 

(R) 

When our team has done well, we have done 

well. 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items taken from Wageman et al. 

(2005). 

Perceptions of group 

intelligence 

As a whole, our group is intelligent. 

As a whole, our group is wise. 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 
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As a whole, our group is creative. Items adapted from Paulhus and 

Morgan (1997) 

Team cohesiveness Members of our group worked together as a 

team. 

The members of our work group were 

cooperative with each other. 

My work group members knew that they could 

depend on each other. 

The members of our work group stand up for 

each other. 

The members of our work group regard each 

other as friends. 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items adapted from Podsakoff and 

MacKenzie (1994). 

Implicit coordination Members of our team provided task-related 

information to other members without being 

asked. 

My team proactively helped individual 

members when they needed assistance. 

My team monitored the progress of all 

members' performance. 

Members of our team effectively adapted their 

behavior to the actions of other members. 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items taken from Fisher et al. 

(2012). 

Mutual trust In our team we can rely on each other to get the 

job done. 

Members of this team are able to bring up 

problems and tough issues. 

No one in this team would deliberately act in a 

way that undermines our efforts. 

Working with members of this team, our unique 

skills and talents are valued and utilized. 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items taken from (Edmondson 1999; 

Fransen et al. 2011). 

Individual and group-level performance (repeat questions for each of the exercises) 

Individual Task 

Motivation: Task-

specific 

For [specify a task], we made an effort to 

complete the task effectively. (Repeat for 

each task completed.) 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items developed by the author. 

Perceptions of 

performance 

My group met or exceeded task requirements in 

the [specify a task]. 

My group did superb work in the [specify a 

task]. 

Critical quality errors occur frequently in our 

group’s work on [specify a task]. (R) 

My group kept getting better and better while 

performing [specify a task]. 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items adapted from Edmondson 

(1999) 

Perceived adherence 

to GCS action plan 

(GCS treatment only) 

In the [specify a task], our group carefully 

followed the suggested Action Plan (in the 

yellow portion of the spreadsheets). 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items developed by the author. 

Perceptions of coordination requirements of tasks (repeat questions for each of the exercises) 

Member 

interdependence 

In the [specify a task]… 

…tasks that we performed were related to tasks 

performed by other team members. 

…other team members depended on me for 

information or materials needed to complete 

their work. 

…I could not accomplish our tasks without 

information or materials from other team 

members. 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items adapted from Cummings et al. 

(2009). 
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Coordinative 

complexity 

The [specify a task] required… 

…frequent coordination of tasks with others. 

…frequent sharing of information with others. 

…frequent sharing of resources with others. 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items adapted from Bala (2013). 

Technology 

coordination support 

In the [specify a task], the technology we used 

supported… 

…effective coordination among group 

members. 

…effective information sharing among group 

members. 

…effective decision making among group 

members. 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

Items developed by the author.  

Methods and validity check items 

Attention check I am paying attention and will select Disagree 

as our response. 

7-point Likert scale, from Strongly 

Disagree to Strongly Agree. 

(Oppenheimer et al. 2009) 

 

D. Analysis and Results 

Data Preparation and Validity Checks 

Each of the three tasks were scored by two raters to ensure accuracy. For the brainstorming task, 

the raters assessed which lines of text were actual ideas and which were not (e.g., some lines included 

redundant ideas or non-idea communication). Inter-rater reliability calculations were performed on the 

overlapping subsets that were coded (50% of the total number of idea sets). This indicated adequate 

agreement among raters (Fleiss’ kappa = 0.78)5. 

Because different group sizes might affect the performance scores of virtual groups, we 

standardized all task scores within group sizes. That is, when performing analysis on task scores, we 

always consider the z-score within each group size rather than the raw performance score of the groups. 

Twelve groups were removed from the dataset for experimental manipulation failure. During the 

post-survey, individuals (in the GCS condition only) were asked to what extent their groups followed the 

instructions in the suggested action plan, using the suggested coordination tools and techniques. This 

survey question was on a 7-point Likert scale. Twelve (of the 64 GCS) groups were identified as not 

                                                      
5 A Fleiss’ kappa equal to 0 would indicate that inter-rater agreement was no better than if ideas were coded 

completely at random. A Fleiss’ kappa equal to 1 would indicate perfect agreement. 
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following the suggested action plan. For these groups, the average reported level to which they followed 

the plan was less than 4 on a 7-point scale. In other words, rather than testing the effect of simply giving 

groups a GCS action plan, the goal of this study is to test the hypotheses for groups who actually followed 

the GCS technique as instructed. 

We also completed a robustness check to ensure that random noise in the data resulting from 

careless participants did not affect the results. As part of the post-survey, participants received an 

attention check question placed randomly among the other survey questions. This question (“Please select 

Disagree as the answer to this question”) was designed to determine whether the participant was paying 

attention and would earnestly complete the survey (and by implication, the rest of the study). In addition, 

the survey was designed to be completed in 15-20 minutes. Participants who took less than 5 minutes on 

the study and/or answered the attention check question incorrectly were flagged. Re-running the analysis 

with only groups with at least 50% non-flagged participants in the group produced similar results as the 

main analysis, although at lower levels of statistical significance. Completing the attention check question 

correctly was significantly correlated with motivation at the individual level (r = 0.184; p < 0.001); 

motivation was included as a control variable in the main analysis. Additional validity and robustness 

checks are provided in Section E below. 

GCS Effects on the Individual Intelligence to Group Performance Relationship (Hypothesis 1) 

H1 proposed that in high-coordination tasks, the relationship between individual group member 

intelligence and group performance should be stronger for groups using GCS than for groups not using 

the technique. To test this hypothesis, we used hierarchical linear modeling (HLM) (Hoffman 1997; 

Raudenbush & Bryk 2002). HLM is a form of regression that considers multiple levels of analysis in one 

statistical equation. It has been used in previous information systems research where traditional regression 

techniques are not appropriate due to nested data (Ang, Slaughter, & Ng 2002; Ko & Dennis 2011). In 

this case, HLM was used to test the impact of the GCS treatment on the relationship between individual 

intelligence and performance for multiple tasks. Regular regression models would not be appropriate to 
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test the relationship for multiple task performance scores in a single equation; results would have to be 

reported separately for each task. However, HLM has the power to consider multiple task scores at once 

by modeling task and group variables in separate levels of analysis. 

 In this two-level HLM model, we included performance scores on the two high-coordination 

tasks (candy profitability and college admissions) because we hypothesized that the treatment would have 

an effect in high-coordination tasks.6 The lowest level (level 1) of the HLM model is the task and its 

characteristics; the second level (level 2) is the group and its characteristics. The level 1 (task) equation is: 

Performance (z-score) = β0 + β1(Task) + β2(Order1) + β3(Order2) + β4(TaskMotivation) + r , 

where Task indicates which task was being performed (candy profitability = 1; college 

admissions = 0); Order1 and Order2 indicate whether the task was performed first, second, or third by the 

group; TaskMotivation is the level of team motivation (as self-reported) for the given task; r is an error 

term. β0 is the intercept, which is defined by the level 2 (group) equation: 

β0 = γ00 + γ01(Treatment) + γ02(AvgIndIQ) + γ03(Treatment x AvgIndIQ) + γ04(GenderDiversity) +   

        γ05(%NativeEnglish) + γ06(AvgAge) + u0 , 

where Treatment indicates whether the group was in the GCS (= 1) or control (= 0) treatment; 

AvgIndIQ is the average individual intelligence in the group; Treatment x AvgIndIQ is the interaction 

effect to test Hypothesis 1 (that the effect of individual IQ on performance is stronger in groups using 

GCS); GenderDiversity is a measure of a group’s gender makeup (Blau’s diversity index7); 

%NativeEnglish is the percentage of the group that are native English speakers; AvgAge is the average 

age of group members; and u is the error term. 

The HLM model tests how the GCS technique changes the effect of individual intelligence on 

performance across tasks at the same time, using an interaction variable (treatment x IQ) as one of the 

                                                      
6 A robustness test including all three tasks is detailed in Section E below. The results are the same. 
7 A separate model was run where % female replaced Blau’s diversity index for gender. Results obtained were 

essentially the same, with similar estimates and statistical p-values for the hypothesized variables. In this model, % 

female was not statistically significant (p = 0.522). 
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predictors in the model. Again, the hypothesis was not to test the direct effect of the GCS treatment on 

performance, but rather to see whether the treatment can strengthen the relationship between intelligence 

and performance in high-coordination tasks. Results are shown in Table D1 below. 

 

These results indicate a significant interaction between treatment and individual intelligence (p = 

0.001), meaning that the effect of intelligence on performance (across tasks) is stronger for groups using 

the GCS technique. This supports Hypothesis 1. As expected, the main effect of intelligence on 

performance was not significant. Without GCS, group member intelligence did not affect group 

performance. 

Collective Intelligence in GCS Groups (Hypothesis 2) 

H2 proposed that a single collective intelligence factor should emerge in groups that use the GCS 

technique. In other words, for groups using the technique, performance should be consistent across tasks, 

with one factor explaining a large portion of variance in performance scores. This hypothesis was tested 

using correlations and factor analysis, following the procedures of Woolley et al. (2010) and Engel et al. 

(2014, 2015). The first criterion in finding a collective intelligence factor is that the average correlation 

between task scores should be positive. The correlation table for groups using the GCS technique is 

shown below in Table D2. As calculated from the table, the average pairwise correlation between task 

scores was 0.189, which is small but positive. 

Table D1. HLM results 

Level 1 variables 

     Level 2 variables 
Coefficient 

St Error 

(Robust) 
T-ratio p value 

Intercept (β0)     

     Intercept (γ00) 0.029 0.058 0.500 0.618 

     Treatment (γ01)** -3.041 0.858 -3.544 0.001 

     AvgIndIQ (γ02) -0.036 0.022 -1.640 0.104 

     Treatment x AvgIndIQ (γ03)** 0.109 0.030 3.585 0.001 

     GenderDiversity (γ04)** -1.146 0.377 -3.042 0.003 

     %NativeEnglish (γ05)* 0.600 0.290 2.066 0.041 

     AvgAge (γ06) 0.100 0.126 0.795 0.428 

Task (β1) -0.023 0.150 -0.157 0.876 

Order1 (β2) -0.255 0.151 -1.680 0.094 

Order2 (β3) -0.067 0.176 -0.378 0.705 

TaskMotivation (β4) 0.165 0.149 1.103 0.272 

*p < 0.05; **p < 0.01 
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Table D2. Correlations between group task performance and individual IQ 

 GCS Treatment Control Treatment 

 1 2 3 1 2 3 

1. Brainstorming task       

2. College admissions task 0.254†   0.223†   

3. Candy profitability task 0.133 0.179  -0.109 -0.264*  

4. Average intelligence 0.166 0.212 0.327* 0.123 -0.147 0.093 

*p < 0.05; †p < 0.10 

 

The next step to identify an intelligence factor, whether individual or collective, consists of a 

factor analysis of performance scores on a variety of tasks (Deary 2000; Woolley et al. 2010). See Figure 

D1. There are four criteria to assess the factor analysis for evidence of a single intelligence factor 

(Woolley et al. 2010). First, one factor should emerge from the factor analysis, with all task performance 

scores loading positively on the factor. In the GCS groups, a single factor emerged, with all three task 

scores loading positively on the factor. Second, the intelligence factor should account for 30-50 percent of 

the variance, with the next component accounting for significantly less. In the GCS groups, the factor 

accounted for about 46% of variance, and the second component accounted for about 29%. Third, an 

intelligence factor should have an eigenvalue of at least 1.38. The factor in this analysis had an eigenvalue 

of 1.38. Finally, the results should demonstrate an obvious elbow in the scree plot. In the GCS group, 

there is a distinguishable elbow in the plot. Thus, a single intelligence factor emerged, and Hypothesis 2 is 

supported. 

 Figure D1. Collective intelligence factor analysis results for GCS groups 
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As a comparison, in the control treatment the average pairwise correlation of task scores was  

-0.05. In a factor analysis of the control treatment, a single factor emerged, but not all tasks scores loaded 

positively on the factor. Given the negative correlations and factor loadings, the factor cannot be 

considered a collective intelligence factor. Thus, it is evident that having groups use the GCS technique 

made performance more consistent across tasks, moving them closer to a single collective intelligence 

factor. 

Relationship between Collective Intelligence and Individual Characteristics (Hypothesis 3) 

H3 proposed that for groups using the GCS technique, individual intelligence should be positively 

related to collective intelligence. A regression analysis with collective intelligence as the dependent 

variable found that individual intelligence was a significant predictor of collective intelligence, supporting 

Hypothesis 3 (see Table D3). Gender distribution in the group was also a significant predictor of 

collective intelligence, with more diversity of gender leading to a lower collective intelligence.  

Table D3. Regression model showing predictors of 

collective intelligence 

 Estimate    p 

(Constant) -0.505 0.942 

Avg Individual Intelligence* 0.131 0.022 

% Native English -0.293 0.629 

Avg Age -0.009 0.975 

Motivation -0.377 0.252 

Gender Diversity** -2.349 0.005 

*p < 0.05; **p < 0.01 

 

As an exploratory analysis, we examined the correlations of the collective intelligence factor with 

several other individual and group variables. None of the other individual-level factors (propensity to 

trust, propensity to cooperate, emotional intelligence, and social sensitivity) nor group-level factors 

(perceived cohesion, implicit coordination, and mutual trust) were correlated with collective intelligence. 

Further, the group’s perception of collective intelligence was not correlated with actual collective 

intelligence. 
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E. Additional Validity and Robustness Checks 

Validation of College Admissions Task 

The college admissions decision-making task has been used in previous studies. However, 

because we modified the task before administering it, and this was the first time this particular variation 

has been used, we validated the task by collecting individual preferences from participants before they 

discussed the decision with their groups, and ensuring that the majority of individual preferences matched 

the “correct” individual answers. For example, Participant 1 in every group, if reading the information 

carefully, should select candidates B, C, F, and G as the best candidates (even though the correct answer 

for the group as a whole does not include C and F). This was the case for the majority of individuals. 

Similarly, the task is designed so that if groups simply do majority voting, they should select candidates 

A, D, E, and H (if they share and integrate critical information, the correct answer is A, B, E, and G). 

ADEH was the most common incorrect response, indicating that the task was designed in the correct 

manner. 

Robustness Check for HLM Analysis 

We completed a robustness check for the analysis of H1 that included all three tasks instead of 

only the high coordination tasks. That is, the robustness analysis considers the effect of the interaction 

variable (treatment x intelligence) on group performance across any type of task. The results, shown 

below in Table E1, are similar to the main results, indicating that even when groups are also performing 

low-coordination tasks, using the GCS technique will strengthen the relationship between individual 

intelligence and group performance, leading to more consistent performance (i.e., collective intelligence). 

The lowest level (level 1) of the HLM model is the task and its characteristics; the second level 

(level 2) is the group and its characteristics. The level 1 (task) equation is: 

Performance (z-score) = β0 + β1(CollegeTask) + (CandyTask) + β3(Order1) + β4(Order2) + 

β5(TaskMotivation) + r , 

where CollegeTask and CandyTask indicate which task was being performed; Order1 and Order2 

indicate whether the task was performed first, second, or third by the group; TaskMotivation is the level 
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of team motivation (as self-reported) for the given task; r is an error term. β0 is the intercept, which is 

defined by the level 2 (group) equation: 

β0 = γ00 + γ01(Treatment) + γ02(AvgIndIQ) + γ03(Treatment x IQ) + γ04(Gender) + 

γ05(%NativeEnglish) + γ06(AvgAge) + u0 , 

identical to the level 2 equation used in the main analysis. 

Table E1. HLM results for all three tasks 

Level 1 variables 

     Level 2 variables 
Coefficient 

Standard 

Error 

(Robust) 

T-ratio p value 

Intercept (β0)     

     Intercept (γ00) 0.010 0.055 0.190 0.850 

     Treatment (γ01)* -2.036 0.828 -2.460 0.016 

     AvgIndIQ (γ02) -0.018 0.022 -0.802 0.425 

     Treatment x IQ (γ03)* 0.075 0.030 2.473 0.015 

     Gender (γ04) -0.361 0.219 -1.647 0.102 

     %NativeEnglish (γ05) 0.335 0.252 1.331 0.186 

     AvgAge (γ06) 0.115 0.116 0.998 0.321 

CollegeTask (β1) 0.067 0.125 0.534 0.593 

CandyTask (β2) 0.054 0.137 0.392 0.695 

Order1 (β3) -0.142 0.129 -1.107 0.270 

Order2 (β4) 0.002 0.134 0.017 0.986 

TaskMotivation (β5) 0.146 0.109 1.333 0.184 

*p < 0.05; **p < 0.01 

 

    

These results, very similarly to the main analysis, though with lower levels of significance, 

indicate a significant interaction between treatment and individual intelligence (p = 0.003), meaning that 

the effect of intelligence on performance (across all tasks) is stronger for groups using the GCS technique. 

As expected, the baseline effect of intelligence on performance was not significant. Only by using GCS 

were groups able to better leverage the individual intelligence of their group members. 

 

F. Example Implementation of the Group Coordination Structuring 

Technique 

To demonstrate what Group Coordination Structuring would look like in practice, consider an 

example of a real implementation of the technique. The authors of this paper used the technique to 

support a group commissioned to propose improvements to a recurring conference. The group was 

composed of ten people located in different parts of the U.S. The chair of the group knew that the group 
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might have some issues deciding on a set of recommendations because the various members had differing 

preferences and backgrounds. The chair decided to structure the group’s work using the GCS technique so 

that the group could produce quality work. 

The first step of GCS is that the group chair explicitly considered the coordination required in the 

group, along with the potential issues that the group could face in completing these coordination 

activities. The chair decided that the coordination requirements included (1) conveying important 

concerns and issues related to the way the conference is currently managed; (2) brainstorming potential 

ideas and proposals to improve the conference; (3) sharing known information about the details (e.g., 

budgets, planning processes, etc.) of running the conference; and (4) coming to consensus on the final set 

of proposals to be presented to the conference leadership that everyone in the group could agree to. 

Based on these requirements, the group chair realized that a few issues might arise while the 

group discussed potential options. Specifically, the group might have issues with (1) group members not 

sharing all known information, (2) group members trying to make a decision without considering known 

information from other group members, (3) difficulty coming to consensus due to differing preferences, 

and (4) groupthink among the group. 

The chair realized that to address these coordination issues, it might be wise for the group to use 

some specific collaboration technologies to help them in the task (in addition to those technologies 

already used for communication purposes). This is the second step of GCS. The chair decided that the 

group should start a shared spreadsheet where the group members could jointly brainstorm a list of 

proposals and list related information about concerns and current details of the conference (and comment 

anonymously on the ideas listed by others). This shared spreadsheet addressed the first two coordination 

issues (i.e., sharing information and considering information of others). To address the third and fourth 

issues, the chair decided that the group should try using a decision matrix, where each individual could 

anonymously vote on which proposals they felt strongly about, thus helping the group focus on areas of 

disagreement and allowing everyone a voice in the decision process.  
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The third and final step of GCS is to create a plan of action, specifically planning the steps that 

groups should follow to complete the task using the chosen technologies. The group chair put together an 

action plan with instructions so that the members of the group could easily go through the steps of sharing 

information, listing proposals, voting, clarifying disagreement, etc. The task chair was confident that with 

this plan of action and the selected tools, the group was able to provide a set of proposals for the 

association that best fit everyone’s interests. 
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