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1. INTRODUCTION 

Groups working face-to-face exhibit collective intelligence, defined as the ability of a group to perform 

consistently well across multiple types of tasks, in much the same way as individual intelligence 

measures cognitive ability by measuring performance on a variety of tasks (Woolley et al. 2010). A 

group’s collective intelligence was predicted by group members’ social sensitivity, a measure of how well 

individuals understand the emotions of others based on visual cues (Baron-Cohen et al. 2001). However, 

groups communicating virtually refer less to personality cues than face-to-face groups (McCauley 1998). 

One study found a collective intelligence factor in virtual groups (Engel et al. 2015; Engel et al. 2014), 

but another did not (Barlow & Dennis 2014), making it unclear under what circumstances collective 

intelligence emerges online. 

 

The relationship between individual intelligence and collective intelligence is also unclear. Individual 

intelligence was significantly correlated with collective intelligence in one of Woolley et al.’s (2010) 

studies, but not in the other. Subsequent studies finding a collective intelligence factor (Engel et al. 

2015; Engel et al. 2014) did not report correlations with aggregated individual intelligence. 

 

Early research on individual intelligence in groups suggested that the effect of group member 

intelligence is limited because the coordination required in group tasks makes them different from 

individual tasks (O'Brien & Owens 1969). There are two types of activities that must be performed when 

multiple actors work together (Malone & Crowston 1990, 1994): production activities (completed 

individually and facilitated by individual intelligence); and coordination activities. 

 

At least four main coordination issues inhibit the effects of intelligence in unstructured virtual group 

work. A set of tools that can address common coordination issues is listed in Table 1. If high-coordination 

tasks can be structured more like production-focused tasks, then the individual intelligence of group 

members will have a greater effect on performance. Likewise, the performance of groups will be more 

consistent across tasks (i.e., displaying collective intelligence). 

 
Table 1. Common coordination issues in virtual groups and technologies to address them. 
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We propose a technique, Group Coordination Structuring (GCS), designed to facilitate coordination and 

convert high-coordination tasks into production-focused tasks. The first step of GCS is that a task 
initiator explicitly considers the coordination required. Second, based on the coordination requirements, 

the facilitator selects what technology and tools the group will use to carry out the task. The third step 

is to create a plan outlining the steps that group should follow and encouraging groups to use the chosen 

technologies rather than emphasizing production at the expense of effective coordination. 

 

As groups use the GCS technique, the work that they perform involves less complex coordination, and 

group members can instead focus on the production portion of the task. Because individual intelligence, 

by definition, predicts performance across tasks, the relationship between individual intelligence and 

group performance will be strengthened as the coordination aspects (those unique issues not inherently 

improved by individual intelligence) are facilitated. Therefore: 

Hypothesis 1: For high-coordination tasks, the relationship between individual intelligence 
and group performance will be stronger for groups using GCS than for groups not using it. 

 

The GCS technique should also lead to more “collectively intelligent” groups if the intervention creates 

consistently high performance across multiple types of tasks. If groups can use GCS so that tasks are 

all similarly low in coordination costs, group performance will be consistent across the tasks, allowing 

the group to be more collectively intelligent. Therefore: 

Hypothesis 2: A collective intelligence factor will emerge in groups that use the GCS technique. 
 

In the Woolley et al. (2010) studies, individual intelligence was not related to group performance. We 

argue this is because of the need to perform coordination, which was facilitated by the social sensitivity 

of members working face-to-face with visual cues. When virtual groups use the GCS technique, they 

can focus on production rather than coordination. Thus, their consistent performance (collective 

intelligence) will be facilitated by the individual intelligence of group members. Therefore: 

Hypothesis 3: For groups using the Group Coordination Structuring technique, individual 
intelligence will be positively related to collective intelligence. 

2. METHOD AND RESULTS 

129 groups of 3-5 members completed one low-coordination task and two high-coordination tasks using 

Google Sheets, communicating using only Google Chat. In the GCS treatment (64 groups), the Google 

Sheets included tools in Table 1 (a decision matrix and sections for sharing different types of 

information), along with suggested steps for using the tools to coordinate work. In the control treatment 

(65 groups), groups completed the tasks with no extra structure, although they had the time and ability 

to use the Google Sheets however they chose. All participants completed the Wonderlic intelligence  

test and a survey measuring additional variables. (See the online appendix at 

http://jordanbarlow.weebly.com/ci-2016.html for more details on tasks, procedures, and measures.) 

 

We used hierarchical linear modeling (Raudenbush & Bryk 2002) to test the impact of the GCS 

treatment on the relationship between individual intelligence and performance for high-coordination 

tasks (H1). The level 1 (task-level) equation is: 

Performance (z-score) = β0 + β1(Task) + β2(TaskOrder1) + β3(TaskOrder2) + 
β4(TaskMotivation) + r 

The intercept, β0, is defined by the level 2 (group-level) equation: 

β0 = γ00 + γ01(Treatment) + γ02(AvgIndIQ) + γ03(Treatment x AvgIndIQ) + 
γ04(GenderDiversity) + γ05(%NativeEnglish) + γ06(AvgAge) + u0  

 

Our results indicate a significant interaction effect between treatment and individual intelligence  

http://jordanbarlow.weebly.com/ci-2016.html
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(γ03 = 0.109; p = 0.001), meaning that the effect of intelligence on performance is stronger for groups 

using the GCS technique, supporting H1. The main effect of intelligence on performance was not 

significant. Without GCS, individual intelligence did not affect group performance. 

 

We tested H2 following the procedures of Woolley et al. (2010) and Engel et al. (2014, 2015). The average 

pairwise correlation between task scores should be positive. In our study it was 0.189. The next step 

consists of assessing a factor analysis of task performance scores using four criteria (Woolley et al. 2010). 

First, one factor should emerge, with all task performance scores loading positively on the factor. This 

criterion was met in GCS groups. Second, the factor should account for 30-50% of the variance, with the 

next component accounting for significantly less. In the GCS groups, the factor accounted for 46% of 

variance, and the second component accounted for 29%. Third, the 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 elbow in the scree plot. In the GCS group, there is a clear elbow (see Figure 1). Thus, a 

single intelligence factor emerged, and H2 is supported. In the control treatment, the average pairwise 

correlation was -0.05. A single factor emerged, 

but not all tasks scores loaded positively on it, 

so it is not a collective intelligence factor. 

 

Individual intelligence was significantly 

correlated with collective intelligence (p<0.05), 

supporting H3. Gender distribution in the 

group was also a significant predictor of 

collective intelligence. 

3. CONCLUSIONS 

In groups using the GCS technique, a collective intelligence factor emerged, while such a factor did not 

emerge in groups using traditional CMC tools. This finding could explain the disparate results in 

previous studies. Engel et al. (2014, 2015) used a custom-built “test battery” software which presented 

the tasks in tightly controlled manner, with structured areas for instructions, group work, and 

communication (Engel et al. 2014). The tools were carefully set up for the groups to coordinate in the 

best manner possible. In contrast, Barlow and Dennis (2014) used a commercial text CMC tool (Google 

Chat) to see if groups would demonstrate an inherent level of collective intelligence without providing 

specific coordination technologies and found that groups did not exhibit collective intelligence. 

 

Our results also show that collective intelligence is significantly predicted by the aggregate individual 

intelligence of group members. When groups use the right tools to coordinate, intelligence matters – 

group performance rises to match the intelligence of its members. Our study shows that collective 

intelligence is a function of individual intelligence only when coordination issues are addressed. 

 

The other factor significantly related to collective intelligence is the distribution of gender in groups, 

whether measured by percentage or by the diversity factor. Surprisingly, more gender diversity 

decreased the level of collective intelligence. Research shows that diversity only improves performance 

in certain situations (Martins et al. 2012). Diversity can increase the difficulty in sharing and 

integrating information, because group members are less likely to use knowledge from others who seem 

different (Faraj & Yan 2009). Social sensitivity was a significant predictor of face-to-face collective 

intelligence (Woolley et al. 2010), but in this virtual group study with no visual cues available to 

participants, it was not predictive of a group’s collective intelligence. We conclude that when groups are 

able to use effective coordination tools and techniques, groups who perform well on one task are likely 

to be groups that will perform well in the future.  
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