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ABSTRACT

Leaders are important for the smooth functioning of teams
but their effect on team performance is less well estab-
lished. Based on a sample of 55 software development
teams from two companies we examined the association
between technical leaders’ communication structure and the
team’s performance. Consistent with past research, we
found that a team’s productivity and quality improve when
the team communication follows hierarchical and small-
world patterns, respectively. However, there was significant
additional improvement in both productivity and quality
when technical leaders shared more information than they
gathered, and when they were more central in the commu-
nication network. Surprisingly they were not necessarily the
most "central" individuals in the team's communication
structure. We discuss the implication of these results for
new tools that provide feedback to leaders and the team.
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INTRODUCTION

Product development teams face the challenge of delivering
high quality work on time and within budget while navigat-
ing uncertainty, conflicting goals and distributed work (e.g.
[2]). It is not surprising that products are frequently deliv-
ered late, over budget and with poor quality [35]. It is gen-
erally acknowledged that the success of product develop-
ment is dependent on informal communication for building
the shared knowledge that is necessary for coordination
especially in distributed teams [13, 23]. However, responsi-
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bility for keeping teams on track falls to technical team
leaders who define and design the core technical elements
and direct the team. These leaders help members identify
and leverage expertise that is distributed across the team
members to apply the knowledge to the tasks at hand [19].
They must coordinate separate, but inter-dependent, tasks
[9] while also allowing individuals to pursue their own
work with minimal distractions (e.g. [10]). They also must
support collaboration despite differing opinions, back-
grounds and perspectives amongst team members [6, 17].

Yet despite their important role, there has been scant re-
search on the effect of technical leaders on team perform-
ance. Research in other settings suggests that leadership can
influence the flow of information and consequently impact
project performance [1, 18, 37]. In product development
teams, technical leaders have an important role in coordina-
tion of work within and across teams [9]. However, that
research did not look at the implications for team perform-
ance. Investigations of sales and other types of teams sug-
gest that teams perform better when leaders are central
within a social network [3, 28]. However, this research has
not shed light on how leaders are positioned within the flow
of communication and how their position may be associated
with team performance.

This paper reports the results of a study that examined the
communication structure of technical leaders, and whether
their position in the flow of information is associated with
delivery and quality product performance. We performed
our analyses using archival data from 55 teams working on
large-scale development projects from two companies.

PREVIOUS RESEARCH

Product Development Tasks

Product development is highly complex and the impact of
leadership styles and communication patterns is dependent
on the kind of task being performed. Cataldo and Ehrlich
[8] distinguished between tasks such as iteration planning
which contributes to the delivery performance of a pro-
ject, and core development which contributes to the number
of defects and hence the quality of the software.

Delivery performance involves planning and executing
development activities. Communication within the team
needs to be sufficient to keep team members informed and
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aligned with the current set of goals without distracting
them from the tasks. Cataldo and Ehrlich [8] argued, and
found, that a team benefitted when there was a hierarchical
communication structure in which information flows out
from a core person without flowing back (see also [26])

Quality performance, on the other hand, emphasizes the
identification and integration of the right knowledge to
make wise design or implementation decisions that mini-
mize defects [10, 16]. Project members might struggle to
make sense of new knowledge and effectively integrate it
into the relevant context because of differences in perspec-
tives, lack of common understandings and lack of familiar-
ity working together [6]. Failure to adequately make sense
of the knowledge and information can result, for instance,
in unidentified dependencies, which lead to coordination
breakdowns and ultimately, lower product quality [10].
Cataldo and Ehrlich [8] found that a hierarchical communi-
cation structure, which benefitted delivery performance,
was detrimental to quality performance. Rather, quality
outcomes benefitted from a small-world communication
structure, which is characterized by small dense clusters of
people who communicate frequently and few connections
among those clusters. This communication structure brings
about higher shared knowledge and greater trust amongst
team members which makes it easier to integrate knowl-
edge and access information more rapidly [7, 36].

The present study builds on this research to examine
whether the position of the technical leader within the flow
of communication has any additional contribution to the
performance of the team over and above the effect of the
team’s communication structure. Specifically, we examine
the effect on the team’s delivery performance and quality
performance, of technical leaders who are (a) centrally po-
sitioned, overall, within the team’s communication net-
work, (b) positioned to receive information from team
members (focus on in-flow communication), and (c) posi-
tioned to share information with team members (focused on
out-flow communication).

Leadership and Network Centrality

Research on the social network of team leaders in organiza-
tions found that leaders’ centrality is associated with better
team performance [3, 4, 28]. For instance, Mehra and col-
leagues [28] found that sales teams, where leaders were
located within the center of the network, had higher sales
and higher customer loyalty.

It is not clear whether we should expect similar results for
product development teams, which typically have a much
flatter organizational structure than other teams. Moreover,
product team members are engaged in tasks with a high
degree of inter-dependency that are generally resolved at
the individual rather than the team level [10] and therefore
may not benefit from any additional direction that comes
from the technical leaders. According to this argument,
technical leaders may not be more central in the network of
successful teams than other team members.
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On the other hand, technical leaders are crucial for coordi-
nation both internally and externally in product develop-
ment projects, especially large-scale projects (e.g. [1, 9]).
Technical leaders who are centrally located within a com-
munication network are better positioned to collect and
disperse the information necessary for coordination [24]
and therefore in a better position to help mobilize the re-
sources in the team.

RQla: Will the centrality of technical leaders be
positively associated with team performance in deliv-
ery outcomes?

RQI1b: Will the centrality of technical leaders be
positively associated with team performance in qual-
ity outcomes?

Leaders as Receivers of Information

There are further insights to be gained by studying the di-
rectionality associated with network position. In a commu-
nication network, leaders can be positioned as receivers of
information (in-flow) when team members send informa-
tion to them. Alternatively, they can be positioned as pro-
viders of information to the team (out-flow).

Technical leaders may be centrally positioned within the in-
flow of communication because of their technical reputa-
tion. Research suggests that teams perform better when the
leader is perceived as having a stronger and more positive
reputation [28, 40]. Additionally, technical leaders who
receive information from more team members are better
informed about the on-going work and better positioned to
integrate diverse information. This argument suggests that
teams will benefit when the technical leaders are positioned
within the incoming flow of information.

On the other hand, product development is an information
intensive activity involving a high degree of interdepend-
ence between tasks. Developers may resolve these depend-
encies locally without the need for additional intervention
by technical leaders [10]. This argument suggests that the
team’s performance is not associated with the position of
the leader in the in-flow of information.

RQ2a: Will in-degree centrality of technical leaders
be positively associated with team performance in de-
livery outcomes?

RQ2b: Will in-degree centrality of technical leaders
be positively associated with team performance in
quality outcomes?

Leaders as Providers of Information

A different model of technical leadership borrows from
research on leader-member exchange theory (LMX). Re-
cent research on the antecedents of LMX demonstrated that
relational behaviors such as supporting, recognizing, con-
sulting and delegating, produce higher quality leader-
member relationships, and, by extension, higher group per-
formance [40]. Similarly, others have found evidence that
leaders have better team outcomes when they sustain strong
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personal relationships by integrating and combining contri-
butions from team members [39].

Research with software development teams find that these
teams perform better with empowering leaders who encour-
age self-development, better teamwork and who participate
in individual goal setting [18]. Further, performance is im-
proved when leaders are able to share information that is
relevant to the context of each team and their needs [37].
This result is consistent with a perspective in which product
development teams benefit from having leaders who are
centrally positioned within the out-flow of information.

On the other hand, an overly directive leadership may stifle
an individual’s ability to coordinate directly with others.

RQ3a: Will out-degree centrality of technical leaders
be positively associated with team performance in de-
livery outcomes?

RQ3b: Will out-degree centrality of technical leaders
be positively associated with team performance in
quality outcomes?

RESEARCH SETTING

We examined the proposed hypotheses using data collected
from two product development endeavors from two differ-
ent companies. We collected data from the development of
the first release of the Jazz software development environ-
ment on which the IBM® Rational® Team Concert™ (RTC)
products are based'. We will refer to this dataset as Project
A. The second dataset corresponds to the development ef-
fort associated with the 9™ release of a complex embedded
system produced by a company operating in the automotive
industry. We will refer to this dataset as Project B. The fol-
lowing paragraphs describe both projects in more detail.

Project A

Our analysis of the RTC project focused on the 13 months
prior to the release of the product’s first version, which was
the period of time between July 2007 and August of 2008.
The time period was chosen because prior to July 2007 the
amount of development activity was minimal and on that
month the project underwent a significant change in process
opening up the development process to the Jazz commu-
nity. A total of 161 developers, worked on the project dur-
ing the period analyzed. There were 26 functional teams
distributed in 21 different sites across the U.S., Canada and
Europe. Teams were responsible for one or more compo-
nents of the system. Project members belonged to one or
more of these teams. In addition, individuals have roles
within each team and those roles were made transparent to
all project members via the role definition capabilities of
the RTC tool. The defined roles were “component lead”,
“contributor”, “part-time contributor”, “project admin”,

! IBM, the IBM logo, ibm.com, and Rational are trademarks or
registered trademarks of International Business Machines Corpo-
ration in the United States, other countries, or both

735

February 15-19, 2014, Baltimore, MD, USA

“connector admin”, “dashboard admin”, “integration stream
admin” and 10 more roles, which were specialized variants
of the “contributor” role. .

The project organized its development effort using itera-
tions, which are short-lived (e.g. 6 to 8 weeks) units of de-
velopment activities. The tasks to be performed in each
iteration and by each development team were planned at the
beginning of each iteration. However, the amount of devel-
opment work varied across teams. In order to focus on the
main development effort, we used 20 work items as a cutoff
to determine which teams to include in our analysis. This
resulted in data for 16 out of the 26 teams. The 16 teams
were distributed across 15 development sites. One of the
teams had 3 technical leaders, 9 teams had 2 technical lead-
ers and the remaining 6 teams had one technical leader. The
10 excluded teams had just a few members and represented
a very small fraction of the overall development effort
(7.2%) and communication activity (0.9%).

Project B

We collected data from a multi-national development orga-
nization responsible for producing a complex embedded
system for the automotive industry. The collected data cov-
ered the 27 months of development activities associated
with the 9™ version of the product from the beginning of the
project in the beginning of 2009 until mid of 2011. Four
hundred and seventeen developers located in four develop-
ment sites distributed across Europe and India participated
in the project. Those developers were organized in 39 de-
velopment teams ranging from 7 and 21 members. Most
project members belonged to just one of the teams. In addi-
tion, individuals have roles within each team and those
roles were formalized in the process manual of the project.
The defined roles were “project manager”, “sub-project
manager”, “architect”, “component owner”, “developer”,
“tester”, “system integrator” and “component integrator”.
Each team had a person with the “component owner” role
and the project had 12 members with the role of “architect”.
Two of the people had both roles “component owner” and
“architect”. One team had two people with the “component
owner” role. Our analyses used the data from all 39 teams.

The project organized its development effort using quar-
terly deliveries to the customer. The first 8 quarters consti-
tuted preliminary versions of the system while the last quar-
ter corresponded to the production release. The tasks to be
performed for each quarter and by each development team
were planned at the beginning of each quarter. This devel-
opment process shares some similarities with the agile ap-
proach used in Project A. However, the development orga-
nization of Project B did not consider itself as using an ag-
ile development process but rather an iterative version of
more traditional sequential (or V-model) process.

Identification of Technical Leaders

We define technical leaders are those individuals that have
strong technical competence and are responsible for the
defining, architecting and/or designing the core technical
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properties of part of a complex system. In addition, those
individual, typically, have in-depth knowledge of various
parts of a system that represent valuable resources for the
rest of the development organization. After performing an
initial analysis of the datasets and confirming our under-
standing of the projects’ context via interviews, we consider
technical leaders in Project A as those individuals with the
“component lead” role and in Project B those individuals
with the roles of “component owner” and/or “architect”.
The people with those roles match the characteristics of a
technical leader presented in our definition.

Comparison across Projects

The two studied projects were chosen because they repre-
sent two very distinct points across two key dimensions of
maturity: product maturity and process maturity. Differ-
ences across those dimensions are important aspects to con-
sider because they have been found to influence communi-
cation and organizational processes in product development
endeavors [22]. Table 1 highlights the key differences
where Project A represents the less mature development
context while Project B exhibited high levels of product and
process maturity. It is worth pointing out that the two di-
mensions of maturity are not completely orthogonal. In fact,
they might be confounded. Such a limitation can be ad-
dressed from an experimental design point of view. If the
impact of the communication patterns of technical leaders,
our main focus, is the same across the two projects, then the
confounding effect between product maturity and process
maturity does not represent a problem.

Table 1: Comparison between Projects along Product and
Process Dimensions of Maturity

Project A Project B
Process Agile process. Well-established use of
Maturity Highly  geographically V-model approach.
distributed. Very mature org. with
No CMM assessment. more than 23 years
developing the product.
Product Novel Product, first in Market-leader.
Maturity  class. 9" generation of the

First release of product. product.

Description of Measures

We used 4 sources of data for our analyses. First, we col-
lected the software repositories from both projects includ-
ing version control activity, task and defect tracking reports
as well as a wide range of technical properties of the soft-
ware systems being developed. Second, we also collected
information about the project member’s location from per-
sonnel records and corporate directories. In project B, we
also collected 13 months worth of communication activity
from the project’s instant messaging system. Finally, we
conducted semi-structured interviews with individuals who
were members of the projects throughout the development,
to validate our assumptions about the interpretation of the
measures (4 in Project A and 16 in Project B).
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As discussed earlier, both projects produced a particular
outcome in predefined time periods. In Project A, those
time periods were called iterations as it is traditional in ag-
ile development processes and lasted 6 to 8 weeks. In Pro-
ject B, those time periods were called delivery periods and
they lasted 3 months. We will refer to these time periods as
iterations throughout the rest of paper.

Measuring Delivery Performance

Our unit of analysis is the pair (iteration, team). We meas-
ured Delivery Performance of an iteration as the number of
tasks that were planned for the (iteration, team) pair but
were rescheduled to the following iteration because they
were not completed. This measure focuses on how well the
team members that participated in the iteration were able to
execute the planned set of activities as well as capturing
aspects of the development process such as adequate plan-
ning and adequate handling of unexpected situations. Inter-
views in both projects confirmed that rescheduling was an
adequate measure since it was an integral part of the devel-
opment process.

Measuring Quality

The quality outcomes of an iteration were assessed follow-
ing the procedure proposed by Cataldo and Ehrlich [8]. For
a given iteration i, we first selected all the defects reported
in the following iteration i,;. Our measure of Quality cap-
tured the number of defects that either impacted compo-
nents changed during iteration i, and took 1 or more days to
get resolved or impacted components not changed in itera-
tion i, nor in iteration i;;;. Following the guidelines of [8],
we validated this measure by analyzing a random sample of
defects corresponding to 10% of all the defects reported
across all the iterations (527 defects in Project A and 891 in
Project B) and found our measure to be reliable.

Construction of the Communication Network

Both projects used development environments that had fea-
tures that provide project members with contextualized in-
teraction for work items. These interactions took the form
of comments in a work item report and were stored in the
software repositories of both projects. Those data allowed
us to identify the work items, the individuals that made the
comment(s) as well as the content of the comment. We con-
structed iteration-level communication networks following
the procedure proposed by Ehrlich and Cataldo [8, 16].
Since tasks could span multiple iterations, we considered
only those comments made in the work item reports that
were within the time frame of the focal iteration. The first
comment in the work item linked the person that made the
comment with the owner of the task at the time the com-
ment was made. If the owner and the commenter were the
same person, the link was ignored. For the subsequent
comments in the work item report, a link in the communica-
tion network between two project members was made if the
comments were adjacent in the sequence of comments and
they were associated with the task at hand. These comments
also resulted in a link between the commenter and the
owner of the work item at the time it was made.
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We also have instance messaging logs for Project B. In this
case, we had 3 raters examine the logs and identify the con-
text of the discussions to link them to specific work item.
The linkages between individuals were time-stamped so we
only included in a focal interaction those interactions that
were time-stamped during the time period covered by the
iteration. Due to the volume of the data, we divided the data
among the 3 raters, however, they had a 15% overlap in the
content coded by them. The raters agreed in the interaction
linkages as well as in the linkage of comments to work
items in 99.2% of the cases.

Communication Patterns of Technical Leaders

We measured the Technical Leader Centrality in the com-
munication networks using the traditional degree centrality
network measure. We also measured the directionality of
the technical leader communication patterns using in-flow
and out-flow degree centrality measures. More specifically,
we measured Ratio Leader’s In-Flow vs. Rest of Team and
Ratio of Leader’s Out-Flow vs. Rest of Team as the ratio
between the leader’s in- or out-degree centrality in the
communication network and the average in- or out-degree
centrality of all the other team members. In the case the
team had more than one technical leader, we averaged the
in-flow/out-flow degree centrality of the leaders. We also
computed the Ratio Leader’s Out-Flow/In-Flow measure
that captures the proportion of the technical leader’s com-
munication that was out-going. More specifically, the
measure was computed as out-flow degree centrality / (out-
flow degree centrality + in-flow degree centrality).

Additional Control Factors

Past research work suggests a wide range of factors that
may impact outcomes such as performance and quality in
software development (e.g. [5, 8, 10, 11, 16, 20]). We orga-
nized our control variables into six groups:

Team-level Communication Structure: Cataldo and Ehrlich
[8] found that two particular team-level communication
structures, hierarchical and small-world patterns, impacted
product development team outcomes differently. Given
those results, we computed the Hierarchical Communica-
tion Pattern measure based on the hierarchy metric pro-
posed by Krackhardt [26] and Small World Communication
Pattern measure as proposed in Uzzi and Spiro [36], fol-
lowing the procedure described in Cataldo and Ehrlich [8].

Controls for Volume of Communication-related factors:
Since our independent measures focus on patterns of com-
munication, it is important to control for factors related to
the propensity of the team members and, in particular, tech-
nical leaders to communicate. We computed the Amount of
Intra-Team Communication as the number of dyads from
the communication networks where both members be-
longed to the same team. On the other hand, Amount of In-
ter-Team Communication captured the number of dyads
where at least one of the persons in the pair also belonged
to a different team. We also computed the Leader-to-out-
team Communication measure as the amount of times the
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technical leaders interacted with members from other
teams. Finally, the technical leaders in both projects were
active in the development effort so we measured the pro-
pensity of the individuals to comment in work items not
owned by them (Leader Involvement in non-Owned Work
Items) as the number of work items not owned by the tech-
nical leader normalized by the total number of work items
in the team and team size.

Controls for product-related factors: Technical dependen-
cies that exist among the components of a system are an
important driver of work dependencies and consequently, of
interaction among interdependent project members (e.g.
[12, 33]). Building on the work of Cataldo and Nambiar
[11], we computed the Internal Technical Coupling meas-
ure as the density of the sub-matrix based on the set of rela-
tionships defined in the technical dependencies matrix that
are contained within a team’s area of responsibility. We
also computed the External Technical Coupling measure as
the number of components not under the responsibility of
the focal team that had technical dependencies with those
components changed by the focal team.

Controls for task-related factors: Since iterations vary in
the amount of work they generate and in the importance of
the work, we measured the Ratio of High Priority Work
Items that each team faced in each iteration as well as the
Average Size of Work Items as the average number of files
modified in the commits associated with the work items.

Controls for team-related factors: We computed several
measures that capture attributes of the teams we studied.
Since comments on work items could also come from peo-
ple outside the team, we computed two measures: Number
of Project Members Involved captures the total of team and
non-team members that participated in the work associated
with each pair (iteration, team) and Number of Multi-Team
Project Members captures the subset of those individuals
that were part of more than one formal team. Both projects
involved members across multiple geographical locations in
different countries. Therefore, we assessed the geographical
dispersion of the teams, GSD, as a dichotomous variable
where 1 indicates that the project members involved in the
work associated with a pair (iteration, team) were geo-
graphically distributed; otherwise it was set to 0. We col-
lected measures of experience based on the work by Boh
and colleagues [6]. We measured: Average Level of Techni-
cal Experience as the average number of work items that
the team member worked on prior to the focal iteration,
Average Level of Shared-work Experience measures the
average number of times that team members worked to-
gether in work items prior to the beginning of the focal it-
eration, and Average Level of Team Workload as the aver-
age number of work items owned per team member during
the iteration.

Controls for unobserved effects: Finally, we included addi-
tional controls for unobserved, team- and iteration-specific
factors. These were recorded as Dummy A through F for
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the teams (16 teams in Project A and 39 in Project B) and
Dummy Iteration A through D for the iterations (14 itera-
tions in Project A and 9 in Project B).

Finally, it is worth pointing out that we computed and
evaluated other network measures such as density, which
did not have any impact in our models. Therefore, we did
not include them in the final results reported in the paper.

Description of the Model

In our analyses, we used a multi-level Negative Binomial
regression model because our two dependent variables,
Delivery Performance and Quality, are count variables. We
examined our research questions by creating several mod-
els, which included the different control variables as well as
our independent measures as fixed effects. We also added
iteration and team as random effects. In order to assess the
fit of each model, we report the log-likelihood of each
model as well as the percentage of deviance explained by
the model. The percentage of the deviance explained is a
ratio of the deviance of the null model (containing only the
intercept) and the deviance of the final model. Although
coefficients are often reported as part of the results, we
opted for reporting the incidence rate ratios (IRRs) associ-
ated with the fixed effect factors of the regression models
because they simplify the interpretation of the results. IRRs
indicate the rate at which the dependent variable would
change for one unit change in one independent variable
keeping the other factors constant.

RESULTS

We report the results of the various analyses performed. We
started our analyses with an examination of issues of collin-
earity. Secondly, we replicated the results from Cataldo and
Ehrlich [8] using new data from Project B. This is an im-
portant step because we are examining whether effects of
leader position occur even when we account for effects of
communication structure in the teams. We conclude with
results related to our research questions.

Initial Analyses

As discussed earlier, in Project A we only considered data
from 16 out of the 26 teams. The 14 iterations and 16 teams
resulted in 197 pairs <iteration, team>. We did not have
224 pairs because not all the teams had development activ-
ity planned in all iterations. In the case of Project B, the 39
teams and 9 iterations resulted in 324 pairs <iteration,
team>. Again, we did not have 351 pairs because not all
teams had planned development activity in all iterations.

Testing for Collinearity

We computed descriptive statistics of the measures de-
scribed in the previous section and log-transformed all
those variables that exhibited skewed distributions. We also
performed various collinearity diagnostics. A variance in-
flation factors (VIF) analysis identified collinearity prob-
lems with Technical Leader Centrality and Amount of In-
tra-Team Communication measures. We kept the latter
measure out of our regression analyses. We only included
Technical Leader Centrality in a subset of the models. All
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the other measures included in our models did not exhibit
collinearity problems since they had VIFs below 5 as rec-
ommended guidelines suggest [21]. A pair-wise correlation
analysis among those measures also showed levels of corre-
lation that were not problematic (all below 0.40).

Replication Analyses

The first step in our analyses consisted in replicating the
results of Cataldo and Ehrlich [8] using new data from Pro-
ject B. Overall, our analyses showed that project B exhib-
ited results consistent with those reported by Cataldo and
Ehrlich [8] in terms of higher levels of hierarchical com-
munication patterns being associated with higher levels of
delivery performance (IRR: 0.247, p < 0.01, log-likelihood
= -395.47, deviance explained = 59.3%). In fact, the effect
size of Hierarchical Communication Pattern is significantly
higher in Project B as suggested by the difference in the
deviance explained between the full model (59.3%) and the
model without the factor (32.6%). On the other hand, we
did not find evidence in Project B for an impact of Small-
World Communication Pattern on delivery performance. It
is worth pointing out that Cataldo and Ehrlich [8] found a
marginal effect in Project A. We also found that hierarchi-
cal communication structures have a significant detrimental
effect on quality (IRR: 1.322, p < 0.01, log-likelihood = -
759.41, deviance explained = 46.5%) while small-world
communication structures improved the quality outcomes of
an iteration (IRR: 0.393, p < 0.01, log-likelihood = -619.14,
deviance explained = 56.4%). These results confirm the
previous findings and provide the foundation for examining
additional effects associated with leader communication.

Technical Leaders and their Centrality in the Communi-
cation Patterns of Teams

Our first set of research questions (RQ1la and 1b) concerned
the role of centrality of the technical leader. As Table 2
shows, Technical Leader Centrality has statistically signifi-
cant IRRs and those values are between 0 and 1 in all cases.
Those results indicate that the more central the technical
leader is in the communication network of the team, the
more likely the team is to exhibit higher levels of delivery
and quality performance. Due to space constraints, we only
show a subset of the regression models that we constructed.
The impact of Technical Leader Centrality was consistent
across both datasets and across all models. For instance, the
same significance and directionality of impact was found
when Hierarchical Comm. Pattern was included in the
quality performance models or Small-World Comm. Pattern
was included in the delivery performance models.

Certainly this result is not novel. Numerous studies have
highlighted the team-level benefits of centrally positioned
leaders (e.g. [3]). Interestingly and despite finding an im-
pact of centrality, further analysis revealed that the leaders
were not the most central individuals in their teams suggest-
ing that technical leaders need to be engaged in the flow of
communication but do not need to dominate or control the
flow. Figure 1 shows aggregate average values of degree
centrality (DC) across both projects for those teams that
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were in the lower quarter in both outcome measures as well
as those teams in the upper quarter on both measures. We
observe that level of centrality of the technical leaders was
marginally above the average centrality level across the
other team members. Furthermore, an examination of each
pair (iteration, team) from both projects revealed that in
only 7 out of the 521 pairs, the technical leader was the
team member with the highest degree centrality level. In
378 pairs technical leaders were in the third quartile (con-
sidering the forth quartile as the highest). In the remaining
pairs (136), the leaders were positioned in the lowest 2
quartiles.

Figure 1: Aggregate Average Levels of Centrality

Quality
Low High

> 2 Leader DC=0.032 (0.077)
S — Rest DC=0.027 (0.069)
>
© .
() S Leader DC=0.137 (0.248)

£ Rest  DC=0.107 (0.221)

Technical Leaders and the Impact of the Directionality
of their Communication Patterns

The next step in our analysis was to examine how the direc-
tionality of the communication of technical leaders impacts
the teams’ performance (Research questions 2a, 2b, 3a
an3b). Tables 3a, 3b and 3c report the results of our regres-
sion analyses. It is important to point out that in those three
tables, we only report the odds ratio of our independent
measures Ratio Leader’s Out-Flow/In-Flow, Ratio Leader’s
In-Flow vs. Rest of Team and Ratio of Leader’s Out-Flow
vs. Rest of Team, respectively, and the fit of the various
models. The Ratio Leader’s Out-Flow/In-Flow measure has
a consistent positive effect on performance across both pro-
jects. The higher the amount of out-flow degree centrality
the technical leader exhibits in his/her communication pat-
terns relative to the in-flow degree centrality, the better the
delivery performance (the number of rescheduled tasks are
reduced) and quality performance (the number of defects is
reduced) of the teams as shown by the statistically signifi-
cant odds ratios below 1 in Table 3a. Comparing the fit of
the models in Table 2 and Table 3a, we observe that con-
sidering the ratio of the out-/in-degree centrality has a sig-
nificantly large size effect in the models, averaging about
5% more deviance explained in Project B, about 14% more
in project A in the delivery performance models and about
7% more in Project A in the quality performance models.
Combined, these results suggest that teams benefits when
leaders provide more information than they receive.

Arguably, the impact of out-flow communication could
suggest that the benefits stem from leaders being directive
rather than sharing information. However, an examination
of a random sample of interactions in both projects pro-
vided some valuable insights. Overall, technical leaders
tended to engage mostly in interactions that answer ques-
tions, provide suggestions about technical challenges, pro-
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vide advice about the best course of action and provide
pros/cons analysis of proposed ways to tackle a technical
problem. For example, we identified a pair of technical
leaders with similar communication network metrics
(Leader #1, In-degree Centrality = 0.0309, Out-degree Cen-
trality = 0.0451 — Leader #2, In-degree Centrality = 0.0287,
Out-degree Centrality = 0.0575) but from two different
teams to explore whether there might be additional effects
of communication style that could be explored in future
work.. We identified very distinct styles between those
leaders. Leader #1 tends to be directive in their interactions
as this typical example shows: “...The problem here is the
XUL runner which tweaks the selection. Have to investigate
how we deal with links in the edit mode anyway...”. On the
other hand, leader #2 seems to be more constructive in their
interactions “...My reading of the material suggests that it
should be: it's a secondary command (a peripheral action
that, while helpful, isn't essential to the purpose of the win-
dow), it navigates to another page, window, or Help topic,
and it's label is plenty more than recommended four word
limit. I ask not ... to see whether we end up at the same
point after reading the same material. If you and I can't
agree - with all the additional background material we
have available - it's going to be tough to get the regular
developer on board (when they're not going to have the
time or inclination to wade through the pages of content
that we've waded through)...”.

In Tables 3b and 3c, we report the results of our analyses of
directionality of communication patterns addressing re-
search questions 2a and 2b (in-flow of communication). We
compare the amount of in-flow (Table 3b) or out-flow (Ta-
ble 3¢) communication from the technical leaders relative to
the rest of the team. Our analyses do not provide evidence
that Ratio Leader’s In-Flow vs. Rest of Team influences
either performance outcome in the teams (see Table 3b). On
the other hand, Table 3¢ shows that the Ratio Leader’s Out-
Flow vs. Rest of Team has a consistent positive impact
across both projects and across both performance outcomes.

These results further suggest that the directionality of the
communication of technical leaders is an important factor to
consider in terms of two key product development out-
comes: delivery and quality performance.

DISCUSSION

Formal leaders play an important role in the functioning
and well-being of teams [3, 4, 28]. However, the increasing
prevalence of self-organized teams [15], emergent leaders
[39] and shared leadership [41], raises the question of
whether formal leaders’ have a significant effect on a
team’s performance. We addressed this question by study-
ing the pattern of communication between leaders and team
members in 55 product development teams from two com-
panies. Specifically, we examined whether the leader’s po-
sition in the team’s communication network and the direc-
tion of their communication was associated with team
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Table 2: The Impact of “Technical Leaders Centrality” in the Team Communication Network

Delivery Quality
Performance Performance
Project A Project B Project A Project B
Model Model Model Model Model Model Model Model
1 11 111 10% \% VI VII VIII

Controls for
Unobserved Effects
Team Dummy A 1.171* 1.402* 1.403** 1.305%* 1.079* 1.102* 1.109** 1.141**
Team Dummy B 0.723**  0.899** 0.991 1.092 0.872** 0.798** 1.011 0.929
Team Dummy C 1.011 0.941 0.801** 1.089** (.589 0.945 1.201** 1.011
Team Dummy D 1.429**  0.899** 1.195*%  0.901*  0.621** 0.749** (0.848*  0.851*
Team Dummy E - - 1.178*  0.937* - - 0.561*  0.374*
Team Dummy F - - 0.684*  1.099* - - 1.071*  0.927*
Iteration Dummy A 0.601** 0.602** 0.402 0.389 0.903** 1.202** 1.017 1.189
Iteration Dummy B 0.257** 0.478** 0.501 1.745 0.486** 0.382** (.809 0.486
Iteration Dummy C 0.071** 0.079** 0.152*  0.392*  0.078** 0.092** 0.121*  0.091*
Iteration Dummy D 1.191* 1.414* 1.892** 1.451** 1.109* 1.203* 1.055** 1.203*
Controls for
Team-related factors
Num. of Members 6.249**  8.194%*  9204%* 4244*%* ] .893*%* ].943%* D 422%* 2 8O**
Num. of Multi-team Members 0.392*  0.674*  0.902*  0.934*  1.023 1.294 1.349 1.195
GSD 1.485*%* 1.568** 2.044%* 1.605*%* 1.478** 1.345*%* 1.882%* 1.922%%*
Avg. of Tech. Experience 0.795*  0.985*  0.678** 0.895** 0.899*  0.892** (0.809** 0.985**
Avg. of Shared-work Exp. 0.506 0.793 0.793*  0.673* 1.102 1.185 0.692 0.902
Avg. of Team Workload 1.356**  1.545%* 1.935%* 1.932%* 2. 119*%* [902** 1242%* 1 155%*
Controls for
Task-related factors
Ratio of High Priority Tasks 0.342**  0.842** 0.724*  0.799*  0.702** 0.678** (0.289** (.678**
Average Size of Tasks 1.055 1.002 0.899 0.994 1.894** 1.792** 0.992 0.995
Controls for
Product-related factors
Internal Tech. Coupling 1.485% 1.593*  3.842%** 4.522** 2.195%* 1.953*%* 3(092%* 2827**
External Tech. Coupling 1.249**  1.345%*  1.784** 1.902** 1.154** 1.274** 1.986** 1.752%*
Controls for
Volume of Comm.
Intra-team Comm. 0.895% 0.951*  0.824*  0.842*  0.930* 0.917* 0.792* 0.801*
Leader-to-out-team Comm. 1.795%*  2.294%*  2224%% 4.002*%* 1.701** 1.643** 1.195%* 1.442%*
Leader in not-Owned Tasks 1.143**  1.687** 2394%% 2(032%* [.762*%* ]985*%* 2249%* ]0942%*
Comm. Network Structure
Hierarchical Comm. Pattern  0.394** 0.304** 1.302%* 1.509**
Small World Comm. Pattern 1.785%* 1.013 0.892%** 0.455%*
Leader Comm. Pattern
Technical Leader Centrality 0.875** 0.911** 0.567** 0.703** 0.689** (0.621** 0.263** 0.301**
Log-Likelihood -401.87 -404.59 -380.01 -609.74 -468.17 -472.73 -659.89 -561.54
Deviance Explained 40.6%  40.2% 60.9%  37.2% 54.0%  53.5% 53.5%  60.4%

(+p<0.10, * p<0.05, ** p < 0.01)

performance measures of productivity and quality. Previous
research demonstrated that product development teams are
more productive when they have a hierarchical communica-
tion structure, and, they produce higher quality products
when they have a small-world communication structure [8].
This finding, replicated in the present study, says that the
team’s own communication contributes to performance.
The present study examined whether the leader’s pattern of
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communication has any additional effect on team perform-
ance. Several important results emerged.

First, we found that teams performed better when the leader
was central in the network (RQ 1a,b) confirming previous
research [3, 28]. Surprisingly, the leader was not always the
most central in the network, implying that leader centrality
may not be as simple as previously thought [29, 34]. One
interpretation is that we are tapping into a model in which
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people who emerge as central in a network [14] come to
share responsibilities with formal leaders [32, 41].

Second, we established that teams had higher productivity
and higher quality when leaders communicated out to the
team (RQ 3a,b) even after accounting for the significant
effects of hierarchical and small-world communication
structures. This is an important finding because it provides
strong empirical evidence that leaders not only contribute to
the general well-being of a team but their position in the
communication network has a measurable effect on the
team’s performance. This result is consistent with leader-
member exchange theory, which emphasizes the impor-
tance of relational behaviors between leaders and members
[4, 39]. The present study contributes to and extends that
line of research by demonstrating the importance of leader
centrality within the out-flow communication.

Third, we did not find any benefit for either productivity or
quality for teams whose leaders were receivers of informa-
tion (RQ 2a,b). Leaders who are centrally positioned within
the in-flow of communication are often perceived as more
important or having higher expertise [28, 40]. In a technical
environment, expertise is highly valued so it is surprising
that we did not find effects of perceived expertise on team
performance. Perhaps leader expertise is less important
than the perceived expertise of team members.

Even though product development teams can succeed with-
out leaders [15], a key contribution of this study is to dem-
onstrate that technical leaders are important to the team’s
performance even after accounting for the team’s commu-
nication. Moreover, the replication of our results across two
distinct companies speaks to the generality of our findings.

Limitations

Our study has some limitations worth pointing out. We re-
lied on archival data from asynchronous communication
which under-reports any face-to-face communication that
might have occurred between collocated team members.
Interviews with some of the members of Project A con-
firmed that developers, even those who were collocated,
were encouraged to discuss technical issues in the com-
ments field that we used as our data source, so that issues
could be tracked and be visible to all developers regardless
of their location. A similar finding was obtained through
interviews in Project B. While we obtained strong results
with respect to the structure and flow of communication in
product development teams, there is value in studying the
content of the communication. A complete analysis of the
content is beyond the scope of this paper. However, a very
preliminary comparison between leaders with similar net-
work metrics revealed marked differences with one leader
having a directive style and the other leader adopting a
more constructive and conversational style. Future research
using content analysis could shed light on additional aspects
of the communication of technical leaders.
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Implications for New Tools

The results of the present study suggest that leaders might
benefit from tools to adjust their communication. First,
there is a direct implication from the growing body of work
in the area of communication, coordination and awareness
tools. For example, tools that support task-centric interac-
tions such as task or defect tracking systems (e.g. Bugzilla)
or integrated development environments (e.g. IBM RTC)
could be enhanced to provide concrete guidance to techni-
cal leaders regarding their in/out flow communication pat-
terns. Furthermore, tools such as Worldview [31] or En-
semble [38] could be enhanced to support the identification
of dependencies where technical leaders could play a role in
working with those most directly affected.

A different breed of tools comes from research, which used
visual feedback to improve team performance [25, 30]. Kim
and Pentland [25] used sociometric badges to capture group
dynamics in real-time and display the results to each team
member. They obtained a significant change in behavior for
both collocated and distributed groups who received visual
feedback on group dynamics, In particular, there were
fewer overlapping conversations, greater interactivity, less
dominance and distributed teams became more like collo-
cated teams. A similar approach could be developed to pro-
vide feedback to leaders.

A third approach can be found in recent research on leaders
of online communities. Matthews and colleagues [27] de-
veloped a set of metrics reflecting the participation and en-
gagement of community members over time that leaders
could use to intervene in the community. What was espe-
cially valuable to leaders were metrics that helped them
identify critical contributors and content. A similar ap-
proach in product development teams could help leaders
identify which people to communicate with to have the
greatest impact on the team.

CONCLUSION

The contributions of our study are two-fold. First, our
analyses and results linked the leader position in the team*s
communication network and in the flow of communication
to measurable performance outcomes of product develop-
ment teams. Finally, our results were obtained after control-
ling for other structural effects of communication on team
performance and replicated in two companies with very
distinct product and process maturity.
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Table 3a: The Impact of the “Ratio Leader’s Out-Flow/In-Flow” Communication Patterns

Delivery Quality
Performance Performance
Project A Project B Project A Project B
Model Model Model Model Model Model Model Model
1 11 111 1V \% VI VII VIII
Comm. Network Structure
Hierarchical Comm. Pattern 0.436** 0.281** 1.411%* 1.497**
Small World Comm. Pattern 1.993** 1.001 0.879** 0.478**
Leader Comm. Pattern
Ratio Leader’s Out-Flow/In-  0.899** (0.878** 0.886** 0.871**  0.272%* 0.257** (0.271*** (.326**
Flow
Log-Likelihood -306.27 -309.35 -335.36 -564.98 -422.37 -383.92 -593.7 -495.26
Deviance Explained 54.8% 54.3% 65.5% 41.8% 58.5% 62.3% 58.2% 65.1%
(+p<0.10, * p<0.05, ** p < 0.01)
Table 3b: The Impact of the “Ratio Leader’s In-Flow vs. Rest of Team” Communication Patterns
Delivery Quality
Performance Performance
Project A Project B Project A Project B
Model Model Model Model Model Model Model Model
1 11 111 1V \% VI VII VIII
Comm. Network Structure
Hierarchical Comm. Pattern 0.427** 0.249** 1.219%* 1.392%*
Small World Comm. Pattern 1.916** 1.003 0.929** 0.401**
Leader Comm. Pattern
Ratio Leader’s In-Flow vs. 0.948 0.923 0.945 0.927 0.967 0.929 0.792+  0.825+
Rest of Team
Log-Likelihood -414.19 -420.07 -394.69 -64591 -489.71 -498.01 -747.09 -607.99
Deviance Explained 38.8% 37.9% 59.3% 33.5% 51.9% 51.1% 47.4% 57.2%
(+p<0.10, * p<0.05, ** p<0.01)
Table 3c: The Impact of the “Ratio Leader’s Out-Flow vs. Rest of Team” Communication Patterns
Delivery Quality
Performance Performance
Project A Project B Project A Project B
Model Model Model Model Model Model Model Model
1 11 111 v \% VI VII VIII
Comm. Network Structure
Hierarchical Comm. Pattern 0.507** 0.465%* 1.989%* 1.983**
Small World Comm. Pattern 1.804** 0.999 0.906** 0.298**
Leader Comm. Pattern
Ratio Leader’s Out-Flow vs. 0.901** 0.793* 0.833* 0.901* 0.985 0.755*  0.704** 0.561*
Rest of Team
Log-Likelihood -349.19 -397.72 -378.52 -618.13 -49525 -483.41 -698.17 -597.69
Deviance Explained 484%  412%  61.0% 36.3% 51.3% 52.5%  50.8% 57.9%

(+p<0.10, * p<0.05, ** p < 0.01)
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