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Collectivistic or ‘plural’ forms of leadership consist of multiple individuals participating 

in and divesting themselves of leadership roles over time through both formal and informal 

relationships (Yammarino, Salas, Serban, Shirreffs, & Shuffler, 2012). Although they are called 

by different names and offer different theoretical conceptualizations concerning the form of 

leadership process within a collective, at their core, shared, distributed, and collective leadership 

approaches view of leadership as a complex relational system – a social process constituted of 

interdependent connections between people that create larger structural patterns with both stable 

and dynamic characteristics.  

Given its relational, patterned, dynamic, formal and informal nature, network-based 

approaches have been identified as useful for understanding the phenomenon of leadership 

(Carter, DeChurch, Braun, & Contractor, 2015). Networks are patterns of interpersonal 

relationships (i.e., ties) among a set of people (i.e., actors, nodes; Wasserman & Faust, 1994). 

Within the leadership literature networks are commonly measured using survey items that ask 

individuals to describe the extent to which other members contribute to the leadership of a 

collective (e.g., team). For example, Carson, Tesluk, and Marrone (2007) asked each person on a 

team to answer the question: “To what degree does your team rely on this individual for 

leadership?” using response options that ranged from 1 = not at all to 5 = to a very great extent. 

This approach operationalizes leadership relationships as a valued tie. In contrast, a question 

such as “Which individual(s) are leaders of your team?” operationalizes leadership relationships 
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as a binary tie. Beyond measurement, network theories and methods provide the rationale and 

empirical means to identify, describe, and explain the development and utility relationships 

(Borgatti, Mehra, Brass, & Labianca, 2009; Contractor, Wasserman, & Faust, 2006). As such 

network-based approaches are a promising way to understand, operationalize, and analyze the 

social structures underlying leadership (Carter & DeChurch, 2012; Contractor, DeChurch, 

Carson, Carter, & Keegan, 2012; Denis, Langley, & Sergi, 2012; Yammarino et al., 2012). Such 

approaches have been used to examine questions of leader and leadership emergence and 

effectiveness (cf. Carteret al. (2015) and Paunova (2015) for recent reviews).  In this paper, we 

review how network methods have been applied to understand leadership and clarify what 

different approaches can tell researchers about collective leadership.  

Approach 1: Identifying Multiple Leaders 

When attempting identifying leaders based their informal influence (as opposed to their 

formal title or position) researchers have utilized centrality measures that reflect the power 

inherent in a person’s position within a social network (Wasserman & Faust, 1994). Degree 

centrality, the number of incoming or outgoing ties into a node, is often used in studies of 

leadership as a measure it indicates the number of people who nominate an individual as a leader 

or the number of people that an individual nominates as a leader, respectively. However, other 

more sophisticated measures of centrality may also be used to capture other conceptualization of 

power or influence (e.g., betweenness, eigenvector, Bonacich centrality). Studies using centrality 

measures tend to focus on predicting individuals’ emergence as leaders as well as their 

effectiveness (Paunova, 2015). Although likely not the best approach for researchers interested in 

examining collective forms of leadership, depending on the research questions of interest, it may 

be useful to identify multiple leaders within a group using centrality measures.  
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Approach 2: Identifying Leadership Structures within Teams 

D’Innocenzo, Mathieu, and Kukenberger (2014) recently offered the following definition 

of shared leadership: “an emergent and dynamic team phenomenon whereby leadership roles 

and influence are distributed among team members” (p. 5). In their comprehensive review, they 

explain that many researchers have examined a team’s capability for collectively engaging in 

leadership behaviors by changing the referent of leadership questionnaires from an external 

person to the team as a whole and utilizing aggregate measures of the team’s ability1; however, 

they note that network measures are increasingly used by scholars to study differentiated 

participation in informal, internal leadership among team members. Such approaches require 

team members to describe (rate) their leadership interactions with all other members of the team 

(as opposed to the team as a whole). These ratings are used to examine the extent to which 

leadership is shared among team members by modeling the pattern of leadership relationships 

within the team. This approach provides greater insight into the sources of leadership within a 

team and the distribution of leadership relationships among team members. Two network 

measures have commonly been used to operationalize the extent to which leadership is shared 

among team members: density and centralization. These measures correspond with common 

areas of focus within networks research: the number (amount focus; density) and structure 

(pattern focus; centralization) of dyadic ties (Kilduff & Tsai, 2003). 

The information that a density measure provides differs depending on whether the 

measure is calculated using binary or valued ties (Wasserman & Faust, 1994). For binary 

relationships, density refers to the proportion of possible ties that exist in a network and is 

                                                           
1 Crawford and LePine (2013) explain that aggregation approaches require raters to engage in metal arithmetic to 

determine a score for the team that reflects the behaviors of all team members and may be biased if the score is 

overly influence by the “strong” or “lacking” contributions of a subset of team members. 
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calculated by taking the number of existing ties and dividing that number by the maximum 

possible number of ties. Although calculated in the same way, for valued relationships, density 

reflects that average tie strength as opposed to the proportion of ties that exist. Higher density 

scores reflect more team members serving as a source of leadership for others. Density measures 

have been used in at least ten studies of shared leadership (e.g., Carson et al., 2007; DeRue, 

Nahrgang, & Ashford, 2015) and have been found to yield stronger relationships with 

performance than aggregation measures (D’Innocenzo et al., 2014)2.  

The distribution of leadership within a team may be better captured by a measure of 

network centralization. Centralization is mostly commonly computed by taking the sum of the 

differences in centrality score between the most central team member and all other members and 

then dividing this score by the maximum possible sum of the differences (Freeman, 1977). If a 

team has a high centralization score (i.e., close to 1) it indicates that leadership ties are 

concentrated (i.e., one or two individuals are acting as leaders). If a team has a low centralization 

score this indicates that either many members of the team are providing leadership (i.e., 

leadership is evenly distributed) or no one on the team is providing leadership. Studies using this 

measure have assumed that lower scores reflects evenly distributed leadership within a team.  

Although not widely discussed in the leadership literature employing these approaches, it 

is important to note that the original Freeman centralization measure has two important 

limitations: (1) it was only appropriate for binary ties and therefore was unable to capture the 

importance of variability in the strength of relationships and (2) the measure was based on 

geodesic paths (i.e., the shortest paths between any two people) and therefore was unable to 

                                                           
2 D’Innocenzo et al. (2014) point out that density can still be considered an aggregation measure as it is calculated 

using a mean score of dyadic relationships. They attribute the stronger relationships to removing mental arithmetic 

errors created by referent-shift, aggregate approaches.  
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capture that which flowed through the network along longer paths (Freeman, Borgatti, & White, 

1991). To overcome these limitations, Freeman et al. introduced a different measure of 

centralization grounded in theory concerning network flows (i.e., that which is transmitted or 

exchanged in an interaction). To explain their measure they focused on the flow of information 

within a network and as they described, “the value of the connection linking two people 

determines the capacity linking them, or the maximum amount of information that can be passed 

between them” (p. 145). Further, they clarify that “the flow between two points is a global 

phenomenon; it depends, not just on the capacity of the channel linking the points directly, but 

on the capacities of all the channels on all the paths - both direct and indirect - that connect the 

two” (p. 146). This flow centralization score reflects the extent to which all of the flow within a 

network is disproportionally dependent on one person or a few people. This is a more refined and 

realistic approach because it takes into account differences in the strength of “leadership 

channels” (i.e., leadership is not a binary relationship) and recognizes that leadership influence 

processes occur through many paths of varying lengths within a network. Even with the 

advances made by this measure of centralization, the inability to account for the amount of 

leadership in the team is a limitation of this approach. Centralization measures have been used in 

at least eight studies of shared leadership (e.g., Kukenberger, 2012; Mendez, 2009; Small & 

Rentsch, 2010) and have been found to yield stronger relationships with performance than 

aggregation measures (D’Innocenzo et al., 2014).  

D’Innocenzo et al. (2014) found that both the amount and distribution of leadership 

relationships each predict performance and that those predictive relationships were not 

significantly different. Several researchers have recommended using both centralization and 

density network indices (Mayo, Meindl, & Pastor, 2003; DeRue et al., 2015; D’Innocenzo et al, 
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2014) in research studies of shared leadership to account for the weakness of each approach. In 

an alternative approach, Mehra, Smith, Dixon, and Robertson (2006) created visual maps of the 

networks that were coded by raters as either “leader-centered” or a type of “distributed” structure 

(i.e., at least one team member besides the formal leader received sufficient nominations to 

emerge as an informal leader). Qualitative coding approaches may allow researchers to capture 

nuances in the structure of ties that are not adequately captured by density or centralization 

measures.  

Approach 3: Identifying Structural Leadership Signatures 

While providing insight into the nature of leadership within a team, more advanced 

network methods may address a number of limitations of the previous approaches. In particular, 

exponential random graph models (ERGMs) have been increasingly used by researchers to 

predict the existence of dyadic leadership relationships (e.g., Chrobot-Mason, Gerbasi, & Cullen-

Lester, 2016; White, Currie & Lockett, 2014; 2016). ERGMS can also be used to identify who is 

seen by others as a leader (Approach 1) and also structural signatures that reflect the distribution 

of ties (Approach 2).  

Leadership processes have been described as a series of leading-following interactions 

that form patterns over time (DeRue, 2011). In this process, individuals who provide direction 

and align and support teammates’ efforts are leaders and those on the receiving end of exchanges 

can be considered followers. These dyadic leading-following relationships within a collective 

form larger structural patterns or structural signatures (Contractor, Wasserman & Faust, 2006) 

indicating different forms of leadership. Thus, understanding the dynamics of shared leadership 

may require a closer look at dyadic patterns of interaction and the specific structural signatures 

they form. If a structural signature exists more commonly than would be expected by chance in a 
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collective, this would indicate that the structure represents a meaningful configuration explaining 

the collective leadership process.  

The Basics of ERGM models 

An ERGM is a probability model3 for predicting the structure of dichotomous network 

ties. Unlike more traditional models, ERGMs do not assume independence between dyads or 

observations, instead they actually allow for the specification of certain types of network 

structures that reflect tendencies for certain network patterns to occur within the dependent 

variable (i.e., network of interest) and represent theoretical claims regarding how network 

structures actually emerge and are not just statistical artifacts (Contractor et al., 2006).  A 

positive (negative) effect indicates that there are more (fewer) of a configuration of ties in the 

network than expected by chance. In other words, the presence of these structures at levels 

beyond what is expected by change suggests reasons why social ties (or leadership relationships) 

have formed (Lusher, Koskinen, & Robins, 2013). In addition to including common endogenous 

network processes to explain patterns of relationships that tend to exist in networks; Lomi et al., 

2014; Robins, Snijders, Wang, Handcock & Pattison, 2007; Snijders 2011), researchers are able 

to incorporate  attributes of individuals (e.g. demographic factors, hierarchical position, or 

performance) into ERGM models to predict the existence of network ties. For example, some 

individuals with a higher level of a specific attribute may to be more likely to send network ties 

                                                           
3 An ERGM has the general form:  Pr(Y = y | X = x) = (1/κ) exp (∑ 𝜃𝑘  𝑍𝑘(𝑦, 𝑥))𝑘 . Where Y is the n x n array of 

network tie variables with realizations y; X is an n x p array of individual attribute variables with realizations x; Zk (y, 

x) is a network statistic that can be computed for a particular network realization y that may also depend on the 

vector x of attributes; θκ is the parameter corresponding to the statistic Zk (y, x) and κ is a normalizing quantity 

included to ensure that the formula is a proper probability distribution. The equation describes a probability 

distribution of graphs on n nodes. The probability of observing any graph y in this distribution is dependent on the 

statistics Zk (y, x) for the network y and attribute vector x and the corresponding parameters θκ for all effects in the 

model.   
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(i.e., see others a leaders; sender effects) or receive network ties (i.e., be seen by others as 

leaders; receiver effects). It is also possible to include effects for homophily (or matching 

effects) to determine if network ties are more or less likely between individuals who are the same 

in terms of some specific attribute.   

Identifying Structural Signatures and Corresponding Leadership Processes 

The structural signatures identified in Table 1 are examples of network structures which 

may explain how leadership occurs within a collective. Below we describe each structure and 

what the existence of that structure within in the network (more than expected by chance) would 

reveal about the leadership processes within the collective.   

The simplest forms of network dependency exist at the dyadic level. Here we discuss two 

common forms: Arc and Reciprocity effects. The Arc effect represents individuals’ tendency to 

perceive others as leaders (i.e., to initiate leadership ties). A positive significant arc effect would 

mean that, in general, individuals are more likely to send ties than not. In other words, it is would 

indicate that individuals are more likely than chance to see other as leaders. This effect is 

commonly included in ERGM models, but is rarely interpreted as it simply accounts for general 

tendencies individuals have to form the relationship of interest. A Reciprocity effect is likely of 

more interest, it refers to the likelihood that someone who receives a leadership tie will also 

perceive the sender of the tie as a leader (i.e., reciprocate). A positive significant reciprocity 

effect would reveal that in this network of individuals if someone is perceived to be a leader by 

someone else they are also likely to see that person as a leader.  

Other structures of interest, reflect the extent to which the distribution of ties within a 

network is evenly spread among individuals. This information is revealed by examining 

differences in individuals’ propensity to send ties (Activity) and receive ties (Popularity). These 
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parameters indicate whether certain individuals have excessively high or low numbers of 

incoming and outgoing leadership ties. Activity refers to the tendency of individuals who 

perceive a large number of others as being leaders to perceive even more individuals as leaders 

and Popularity refers to the tendency of individuals with high numbers of incoming leadership 

ties to accumulate relatively more incoming leadership ties. A centralized network structure 

would be indicated when Popularity is present. A decentralized structure would be indicated by 

positive effects for Activity and Reciprocity. 

 Variation in network clustering, specifically tendencies toward closure (Robins, Pattison, 

& Wang, 2009), describe the extent to which leadership relationships occur within emergent 

groups of different shapes and sizes. Closure refers to the tendency of ties to emerge more 

frequently between people who share common ties (Davis, 1970; Rank, Robins & Pattison, 

2010). Closure is often observed in social structures where individuals collaborate in small 

groups; its significance would indicate that leadership ties exist more frequently in small tight-

knit groups, often teams or other organizational subgroups. For example, in cyclic closure if 

person a perceives person b as a leader, and person b perceives person c as a leader, person c is 

also likely to view person a as a leader, while in generalized (transitive) closure if person a 

perceives persons b and c as leaders, person b is likely to perceive person c as a leader. 

Although, both types of closure reflect the increased likelihood of ties among individuals who 

share leadership connections to a common person, the nature of those connections gives greater 

insight into the leadership processes within the network. In contrast, a positive effect for the 

Multiconnectivity suggests a lack of closure which, indicating the presence of structural holes 

within the network (Burt, 2004; Robins et al., 2009). This effect would indicate the existence of 

leadership connections across separate clusters of otherwise unconnected individuals.  
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 When interpreting these structural signatures it is important to consider the meaning of 

significant parameters as a whole and to interpret them relative to one another. As mentioned 

above, combinations of these effects provide greater insight into the leadership processes within 

networks. This approach provides promise for researchers striving to quantify collective 

leadership, but additional theorizing regarding the connections between the endogenous 

structures examined in ERGMs and leadership processes is needed.  

Accounting for the Formal Structure of Organizations  

Leadership processes in organizations consist of both informal and formal relationships 

within and across different levels and functional groups (Eberly, Johnson, Hernandez, & Avolio, 

2013; Dionne et al., 2014; Yammarino et al., 2012). Researchers can not only take into account 

the endogenous network processes (discussed above) using an ERGM, but they may also specify 

the formal structure of the organization (i.e., hierarchical reporting structure and the nested 

nature of collectives within organizations, e.g., teams within departments) in the model. There 

are multiple ways to incorporate the formal structure into ERGMs. For example, it is possible to 

tell if individuals are more likely to receive or send leadership ties because they hold a formal 

leadership role by incorporating formal hierarchical position as an attribute of the actors and 

examining sender and receiver effects. It is also possible to tell if leadership ties are more likely 

to occur when individuals have a formal reporting relationship by incorporating the formal 

reporting structure as a dyadic predictor. The significance of these effects would provide insight 

into the leadership processes within the collective as one might expect formal leaders to receive 

more leadership ties and send fewer ties in a more centralized structure, while in a more 

distributed leadership structure, the sending and receiving of leadership ties may be less 

influenced by formal leadership role. Including both approaches in a model would allow a 
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researcher to distinguish if leadership ties emerge due to hierarchical position, reporting 

relationship or a combination of these factors. 

Multilevel ERGMs (or MERGMs) recognize that organizational structures, such as 

divisions, projects teams, departments have an internal structure and that individuals may occupy 

different positions within that structure (Zappa & Lomi, 2015). MERGMs also allows that 

organizational subunits may also be connected, they may cooperate on projects or have a more 

formal relationship. Thus MERGMs allow researchers to take into account how the formal 

organizational structure can influence leadership ties and answering questions including: Are 

individuals’ leadership relationships influenced by reporting structures, or are these networks 

driven by non-proscribed effects?  By using a MERGM to include the formal organizational 

structure and/or workflow processes within a collective, researchers may gain greater insights 

into the different leadership processes within an organization.     

Examining Leadership Dynamics 

Collective forms of leadership are widely acknowledged to be dynamic, shifting in their 

pattern over time (e.g., Contractor et al., 2012; Erez et al., 2002; Friedrich et al., 2011; 

Yammarino et al., 2012). ERGMs can be used to examine change in ties over time such that a 

researcher can discern if ties are being created or destroyed (dissolved). This applications of 

ERGMs may be especially useful for examining the impact external events that are likely lead to 

shifts in the network structure (e.g., pre-post an organizational change or intervention) as well to 

understand the dynamics of tendencies for change and stability that exist in leadership networks 

during “normal” times.  

Integrating Multiple Roles and Leadership Functions 
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Functional leadership theories view leadership not as a unidimensional construct, but 

rather as a set of leadership roles or responsibilities that must be filled by a collectives 

(Contractor et al., 2012; Morgeson, DeRue,, & Kram, 2010; Yukl, 1989). Different types of 

functional leadership networks may be included in ERGMs as dyadic predictors to examine if 

certain leadership roles (e.g., providing direction) are more strongly associated with general 

perceptions of leadership than other leadership roles (e.g., coordinating activities). Other 

networks of interest (e.g., advice exchange, friendship, conflictual relationship) may also be 

incorporated into the model using the same approach, allowing researchers to address questions 

regarding how social networks come to predict the emergence of leadership networks. 

Conclusion 

In summary, in this paper sought to illustrate how various network approaches may be 

used to enhance our ability to quantify and analyze collective leadership. We discussed three 

approaches in detail, highlighting both their promise and limitations and most importantly the 

types of research questions or insights for which each approach is most useful for answering or 

providing. In particular, we demonstrated how the flexibility of ERGMs allows researchers to 

address many of the methodological issues at the forefront of collective leadership research and 

encourage interested scholars to pursue using these and other network-based approaches in their 

research.    
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Table 1. Summary of Actor-Specific, Endogenous, and Multivariate Network Effects  

Parameter Qualitative Pattern Included to measure Leadership Social Structure 

Arc 
 

Baseline tendency for a tie 

to exist 

General tendency to see 

others as leaders 

Reciprocity  
Tendency towards 

reciprocity 

Co-leadership: individuals see 

each other as leaders 

Popularity 

Spread 

 

Tendency for variation in 

the degree to which an 

actor receives multiple tie 

nominations 

Centralized leadership 

structures 

Activity Spread 

 

Tendency for variation in 

the degree to which an 

actor expresses multiple 

ties 

The more individuals follow 

others, the more likely they 

are to follow another person 

Generalized 

(Transitive) 

Closure 

 

Tendency for transitive 

closure, shared popularity 

closure, and shared activity 

closure structures to occur; 

note this is a single 

parameter that incorporates 

all three structures 

Leadership connections tend 

to occur in small groups.  

 

 

Cyclic Closure 

 

Tendency for multiple 

cyclic structures to occur 

Leadership connections cycle 

within small groups.  

Multiconnectivity 

 

Tendency for transitive 

multiple connectivity, 

shared popularity and 

shared activity to occur; 

note that this is a single 

parameter that incorporates 

all three structures 

The occurrence of leadership 

connections across separate 

clusters of otherwise 

unconnected individuals. 

 

 

 


