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Recent research has demonstrated that teams exhibit “collective intelligence” (CI) (Woolley, Chabris, Pentland, Hashmi, & Malone, 2010) defined as a team’s basic capacity to perform a wide variety of tasks, which is consistently predictive of future performance (Engel, Woolley, Jing, Chabris, & Malone, 2014; Kim et al., 2015; Woolley et al., 2010). Previous research has shown that CI is predicted by group compositional factors and group interaction process (Aggarwal, Woolley, Chabris, & Malone, 2015; Engel et al., 2014; Kim et al., 2015; Woolley et al., 2010). Yet, it remains unclear how exactly CI leads to greater performance. In this paper, we theorize CI as the basic capacity of a group to perform but which needs to be expressed via team coordination and communication mechanisms. Here we specifically focus on transactive memory system (TMS), or a group’s shared memory of “who knows what,” as more likely to develop when a group has high CI as well as a mechanism via which CI affects performance. We examine this hypothesis from data collected on 41 MBA teams.  
Collective Intelligence
Psychologists have repeatedly shown that a single statistical factor emerges from the correlations among individual people's performance on a wide variety of cognitive tasks (e.g., Deary, 2012; Spearman, 1904). This factor is often referred to as “g” or “general intelligence.” Until recently, however, none of the research on group performance had systematically examined whether a similar kind of “collective intelligence” exists for groups of people (Woolley et al., 2010). 

To examine this idea in groups, Woolley et al. (2010) had almost 200 lab groups work on a series of different tasks together that required a range of qualitatively different collaboration processes (McGrath, 1984). In a factor analysis of all the groups’ scores, the first factor accounted for 43% of the variance in performance on all the different tasks.  This is consistent with the 30–50% of variance typically explained by the first factor in a battery of individual cognitive tasks (Chabris, 2007).  They called this first factor “collective intelligence,” (CI) analogous to general intelligence in individuals. Each group’s CI predicted how they performed on a more complex criterion task at a later point in time. Furthermore, while CI was a significant predictor of group performance, the average individual intelligence of group members was not. In addition, higher CI groups also had more female members, higher average social perceptiveness, and equal distribution of turn taking in communication than lower CI groups, which has been replicated with groups working online (Engel et al., 2014), and in groups in multiple cultures (Engel et al., 2015). 
Transactive Memory System and Collective Intelligence
Transactive memory system (TMS) is defined as a shared system or network of encoding, storing, and retrieving information that develops through interactions among individuals in dyads or groups (Hollingshead, 1998; Wegner, 1987). Wegner (1995) explains that a TMS develops when members know other members’ expertise, use the expertise directory to share new information with the person who has the relevant expertise, and seek information from the group’s designated expert. Past empirical research, done in both laboratory and field settings, has found a positive relation between TMS and group performance such as increased efficiency and effectiveness in accomplishing tasks as well as innovation (Austin, 2003; Lewis, 2003; Moreland, 1999; Moreland & Myaskovsky, 2000). The main benefit of TMS for team performance lies in that TMS enables teams to fully coordinate and leverage knowledge embedded in team members, which is especially important for performing tasks that require the combination of knowledge across various areas (Lewis, 2004). 
In explaining how collective intelligence affects performance, we predict that collectively intelligent teams are more capable of developing a well-functioning TMS, which in turn enables them to translate CI into team performance. A team’s CI is indicative of its latent ability to work together, and has been shown to predict a team’s ability to implicitly coordinate (Aggarwal et al., 2015). Coordination is defined as “managing dependencies between activities” (Malone & Crowston, 1994, p. 90). In team collaboration, coordination involves managing “synchronous and/or simultaneous activities, as well as information exchange and mutual adjustment of action” (Summers, Humphrey, & Ferris, 2012, p. 315). TMS involves the ability of a team to understand how to marshal the resources of team members and to combine these resources in a well-coordinated fashion, consistently across time and task domains. For instance, an effective TMS relies upon group members to “actually know who is good at what” (Brandon & Hollingshead, 2004, p. 639). Teams with high CI may be at an advantage in developing an accurate cognitive representation of group members’ expertise because of their greater information processing ability. At a team’s inception, members typically rely on various signals to form perceptions of one another’s expertise (Hollingshead & Fraidin, 2003; Yoon & Hollingshead, 2010). Over time, team members must modify their initial perceptions based on new information gleaned from observations and interactions. This process requires team members to be highly perceptive of one another’s cognition, a trait that collectively intelligent teams are more likely to have than others (Woolley et al., 2010). In addition, for a team to actually participate in the TMS beyond being aware of it, the team should be capable of coordinating its members’ activities, such as sequencing and tracking activities by multiple members and engaging in mutual adjustment so as to prevent omission or redundancy. Therefore, the basic ability to coordinate which is associated with CI should enable a team, with experience, to develop a TMS which will help to translate CI into performance.

Method
Forty-one student teams enrolled in a 7-week long MBA course at a U.S. business school participated in this study. The teams varied in size from three to five, resulting in a total of 190 individuals in the sample. A significant part of the grade for the course was determined based on team projects. Teams were formed in the first week through the instructor’s random assignment. 

CI was measured during the first week of the semester, using the online CI battery developed by Engel et al. (2014) and Woolley et al. (2010). The battery contains 11 tasks, capturing various general categories of group processes, sampled from well-known group task taxonomies by McGrath (1984) and Larson (2009), and was administered via an online platform for synchronous group collaboration (Engel et al., 2015, 2014). A team’s CI was then scored following the method used by Woolley et al. (2010): we performed a factor analysis using all the teams’ standardized task scores, and a team’s score on the first factor served as the team’s CI score.  A team’s TMS was measured using the scale developed by Lewis (2003), which contains 15 items (on a 5-point Likert scale). We aggregated scores on all the items for a single TMS score whose reliability was acceptable (Cronbach’s alpha = .81). Since TMS is conceptualized as a team-level construct, we aggregated team-member responses to the team level (ICC(1) =.17,  F = 52.117, p < .001). Team performance was measured by the grade the teams got for their team assignment from the course instructor. The team assignment consisted of developing a case about a senior manager, which entailed finding an interesting subject, conducting an interview, and generating a report that utilized concepts learned in class. Finally, we controlled for team size because team size likely affect the other variables. 

Results
Table 1 reports the results of a hierarchical regression analysis with performance as the outcome variable. Team size (control), CI, and TMS were added sequentially. As expected, CI was a positive, and significant predictor of performance controlling for team size  (Model 2). In Model 3, which included TMS, the effect of CI was no longer significant while TMS had a significant, positive effect on performance controlling for the other variables. This result supports our hypothesis that the relationship between collective intelligence and performance is mediated by TMS development. We tested this mediation model using PROCESS macro (Hayes, 2013). The bootstrapping analysis showed that there was a significant indirect effect of CI on performance via TMS development (a 90% bias-corrected 5000 bootstrap confidence interval ranged from .0158 to 1.2085, not containing zero). 

	
	Model 1
	Model 2
	Model 3

	Team Size
	.11
	.08
	.11

	CI
	.30*
	.20

	TMS
	.36*

	R2
	.01
	.10
	.22

	F
	.22
	2.07
	3.50*



Discussion
In this paper, we demonstrate that the team’s collective intelligence positively predicts future performance, and transactive memory system development is one mechanism that explains this relationship. TMS is known to positively influence team performance (e.g., Austin, 2003; Faraj & Sproull, 2000; Lewis, 2003; Liang, Moreland, & Argote, 1995; Michinov, Olivier-Chiron, Rusch, & Chiron, 2008). Accurate expertise recognition improves team performance because it facilitates the division of cognitive labor among members, the search and location of required knowledge, the match of problems with the person with the requisite expertise to solve the problems, the coordination of group activities, and better decisions through the evaluation and integration of knowledge contributed by group members (Moreland, 1999; Ren & Argote, 2011). We found that teams with high CI to begin with are able to develop a stronger TMS during team collaboration, and in turn perform well on a long-term, knowledge intensive task. Although our data was not collected in an organizational setting, several attributes of the setting (use of management program students, working on a long-term knowledge intensive project) lead us to have greater confidence that our findings would generalize (consistent with recent meta-analysis on teams found that no reliable differences between lab and field settings, e.g., Hoever, van Knippenberg, van Ginkel, & Barkema, 2012; van Dijk, van Engen, & van Knippenberg, 2012). Thus, we believe that patterns similar to the ones found in this study should emerge in organizational teams as well. 
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