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Abstract. Agile principles were originally developed for small projects but are
now widely used in larger projects with hundreds of developers. Teamwork
quality is essential in any development work, but how does teamwork quality
differ in small and large agile projects? We report from an explorative survey
with 64 agile teams and 320 team members and team leaders, from 31 teams in
small projects and 33 teams in large projects. For small projects, teamwork
quality was considered by both team members and team leaders to primarily
affect product quality. For large projects, the effect of teamwork quality on
product quality was positive when it was rated by team members but was
negative when rated by team leaders. At a finer granularity, the six dimensions
of teamwork quality that we investigated affected team performance differently
in small and large projects. These findings question to what extent findings from
previous studies on teamwork in agile development in small projects apply to
large projects.
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1 Introduction

Agile software development methods have become mainstream [1]. Originally aimed at
development in small teams, agile methods are now used also in large software projects
[6]. Teamwork is central in agile development [2, 3]. There are a growing number of
studies on large-scale agile development that focus on topics such as how product
owners are involved in development and how to achieve inter-team coordination [6, 7].
This paper explores differences between small and large-scale projects with respect to
teamwork quality and its effect on team performance. We state the following research
question: How does the effect of teamwork quality on team performance differ between
small and large projects?
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The teamwork quality aspects defined in Sect. 2 describe both aspects of interaction
(communication, coordination, and mutual support) and motivation (effort, balance of
member contribution, and cohesion) within a team. Hoegl et al. [4] suggest that with
less task uncertainty and complexity in settings with fewer teams, that is, smaller
projects, the motivational aspects are relatively more important and interactions aspects
less important than in larger projects. We investigated whether the same findings would
be confirmed in our study.

Teams that use the most popular agile development method, Scrum, focus mainly
on managing internal relations during an iteration through daily meetings [5]. External
relations are managed by the team and through the collaboration between the product
owner and the customer and other stakeholders, and through demonstrating the product
to stakeholders at the end of an iteration.

One important difference between small-scale and large-scale development is the
number of relations that have to be managed. Large projects are characterized by
complex knowledge boundaries among team members, more complex interplay with a
larger number of technologies involved, and a larger set of stakeholders [6]. The first
version of Scrum suggests handling interdependencies between teams in a new forum,
the “Scrum of Scrums”. This forum has shown to be challenging when the number of
teams are high [7].

2 Background

The Teamwork Quality (TWQ) constructs of this paper are based on Hoegl and
Gemuenden [8], and also used in Lindsjørn et al. [2]. The six subconstructs of com-
munication, coordination, balance of member contribution, mutual support, effort, and
cohesion cover performance-relevant measures of internal interaction in teams. A brief
description of the TWQ subconstructs is given below:

• Communication may be classified as to whether the communication is (1) internal
versus external, (2) formal versus informal, and (3) written versus oral [10]. In agile
teams, the team members are often placed closely together in open-plan offices to
stimulate informal and open communication.

• Coordination may be described as managing dependencies between activities [11].
Common understanding when working on parallel subtasks, and agreement on
common work-down structures, schedules, budgets, and deliverables are important
aspects.

• Balance of member contribution refers to the ability to exploit all team members’
skills and expertise in such a way that it benefits the team [8].

• Mutual support refers to the team members’ ability and willingness to give assis-
tance to other team members when needed [12].

• Effort refers to how much workload team members spend on the team’s tasks [8].
• Cohesion may be described as the tendency for a group to stick together in order to

achieve its goals and objectives [13].

Team performance may be defined as the extent to which a team is able to meet
established product quality requirements, as well as cost and time objectives, which are
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included in project quality. A more detailed description of the team performance
concept is given in [2, 9]. This paper reports a study on the extent to which the effect of
teamwork quality on team performance is moderated by the size of development
projects.

With respect to the teamwork quality constructs, the main differences between
small and large projects concern communication and coordination. Due to communi-
cation bottlenecks, large projects need more external, formal, and written communi-
cation than do small projects. Coordination in large projects is more challenging due to
many development teams and dependencies between tasks among different teams.

3 Method

To operationalize the concepts of teamwork quality and team performance, we used a
questionnaire reported in [8]. We define a small project to consist of one or two teams
and a large project to consist of 10 or more teams. We collected data from 31 teams in
small projects and 33 teams in two large projects. The data from the small projects was
also used in a previously published study [2]. This data set also includes 11 teams in
one large project used in this study. In total, the responses from 231 respondents are
included. Another data set with 22 teams (89 respondents) was collected from an
ongoing large project in a company that we collaborate with. All teams in the study
used Scrum as the agile methodology. There are two rater categories in this study: team
members and team leaders. All the team leaders were scrum masters; none of them
were product owners or managers.

The respondents indicated their agreement with the items on a Likert scale from 1
(strongly disagree) to 5 (strongly agree). The questionnaire was previously found to
have acceptable reliability, as measured by Cronbach’s alpha [13].

The value of a variable for a respondent is calculated as the mean of each of the
questions that form that variable (i.e., similar to using the sum-score in internal con-
sistency reliability estimates such as Cronbach’s alpha). The unit of analysis is the team
itself, rather than the individuals in the team. When two or more team members (or two
team leaders) respond from the same team, the results are aggregated using the mean.
Although such aggregations can be problematic (e.g., when faced with strongly
non-normal distributions), the number of responses per team in the available data is
also too low to determine whether the distribution is non-normal. Thus, the aggregation
procedure used in this study is a target for improvement in the future. Only team
members rate teamwork quality (the independent variable). Both team members and
team leaders rate team performance (the dependent variable).

The analysis was conducted using R [14]. The correlations are illustrated using the
qgraph package [15]. The saturation of lines (edges) between the variables (nodes)
shows the strength of the correlations, which are green for positive correlations and red
for negative correlations. The placements of the nodes are calculated using the “spring”
function of qgraph; highly correlated nodes are placed in close proximity and nodes
with little or no shared variance with other nodes are placed distant from other nodes.
Also, nodes with many strong relations to other nodes are centrally placed.
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The placement of nodes is averaged for project size so that differences in (Pearson and
partial) correlations for small and large projects is more clearly displayed.

Responses to a few of the questions for some team members and team leaders were
missing. For the six variables rated by team members, no variable had more than 0.4%
missing data. However, product quality as rated by team leaders had 7.4% missing data
(project quality had 1.1%). To not discard otherwise usable data, we imputed the
missing data using the mice package [16] in R before aggregating each of the six
variables that comprise teamwork quality and each of the two variables that comprise
team performance.

4 Results

Table 1 shows the descriptive statistics of the analyzed variables for the small (S) and
large (L) projects. All variables are normally distributed according to the Shapiro-Wilk
test of normality, except three of the variables for large projects: Communication
(p = 0.03), Mutual support (p = 0.04) and Product quality for team leaders (p = 0.01).
Product and project quality data for team leaders was not available for 10 of the teams
in one of the large projects, reducing n to 23. Only small differences in the mean values
were detected for the two groups of project; the largest difference was that product and
project quality was rated higher by team leaders in the large projects than in the small
projects. Variability (SD) in ratings given by team members was higher for both
product and project quality than for the six teamwork quality variables; variability was
even higher for ratings given by team leaders.

Table 1. Descriptive statistics of the investigated variables.

Variable Rater Size n mean SD

Communication TM S 31 3.93 0.29
L 33 3.95 0.38

Coordination TM S 31 3.76 0.28
L 33 3.76 0.36

Mutual support TM S 31 4.01 0.33
L 33 4.09 0.35

Effort TM S 31 3.93 0.34
L 33 4.03 0.38

Cohesion TM S 31 3.82 0.30
L 33 3.89 0.33

Balance of member 
contribution

TM S 31 3.91 0.30
L 33 4.03 0.34

Product quality TM S 31 3.78 0.37
L 33 3.93 0.32

Project quality TM S 31 3.57 0.42
L 33 3.53 0.41

Product quality TL S 31 3.82 0.46
L 23 4.16 0.48

Project quality TL S 31 3.54 0.60
L 23 3.75 0.60

Note. TM = Team members, TL = team leaders, S = small projects and L = large projects.
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The top part of Fig. 1 shows the correlations between teamwork quality (grey) and
team performance (blue and red). In small projects (top left), product quality (ProdQ) is
more strongly correlated with the teamwork quality for both team members (blue) and
team leaders (red) than is project quality (ProjQ). Product quality is, further, more
centrally placed closer to teamwork quality. Project quality (for both team members
and leaders) is more distantly placed with weaker correlations with the teamwork
quality variables.

In large projects (top right of Fig. 1), the relation between teamwork quality and
team performance is similar to that found in small projects when team performance is
evaluated by the team members. However, for team leaders, product quality is nega-
tively correlated with several teamwork quality variables as well as product quality as
evaluated by the team members. In small projects, the correlations between product
quality and teamwork quality as rated by team leaders are between 0.29 and 0.50,
whereas they in large projects are either negative or zero (−0.47 to 0.02).

When a set of variables, such as those that form teamwork quality, are highly
correlated, it is difficult to determine the unique contribution of each variable. The
partial correlation explains what is uniquely shared between two variables that cannot
be explained through the correlations with other available. The bottom part of Fig. 1
shows the partial correlations. For small projects (bottom left) there appears to be

Note. Com = Communication, Coo = Coordination, MS = Mutual support, Eff = Effort, Coh = Cohesion, 
BOC = Balance of member contribution, ProdQ = Product quality and ProjQ = project Quality.

Fig. 1. Pearson and partial correlations for small and large projects (Color figure online)
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consensus (i.e., unique positive variance between two variables) in how team members
and team leaders evaluate team performance; both product and project quality have
positive partial correlations. However, team members and leaders disagree on project
quality in large projects (bottom right), as shown by a strong negative partial corre-
lation (thick red line) between the product quality for team leaders and team members.
Furthermore, there is no agreement for project quality, as shown by a missing line
between project quality for team members and team leaders.

Regarding the relation between the six subconstructs of TWQ and team perfor-
mance, small and large projects differ in their partial correlations as well. For example,
the partial correlations in small projects (bottom left in Fig. 1) show that balance of
member contribution (BOC) and coordination (Coo) are positively associated with
product quality, whereas communication (Com) is negatively associated with product
quality. However, the pattern in the partial correlations for large projects (bottom right)
is clearly different: except for balance of member contribution, which appears to have a
positive relation to team performance in both small and large projects, the relation
between other subconstructs of TWQ and team performance show few similarities
between small and large projects.

5 Discussion and Conclusion

By analyzing data from 64 software teams, we have shown that there appears to be a
disagreement between team members and team leaders in the evaluation of team
performance for large projects. We have also shown that the effect of different team-
work quality variables (subconstructs) appears to influence team performance in small
and large projects differently.

One possible reason why teamwork quality seems to affect product quality more
than project quality in small projects is that team members and team leaders are
working closely in small projects, and, therefore, there is little need for following a
plan, updating documents and controlling the project by specific means; the progress of
the team is apparent anyway. Effort is tailored towards the product.

Regarding large projects, a possible reason for the stronger relationship between
teamwork quality and project quality when team performance was evaluated by team
leaders is that project management, which is a primary concern of leaders, is more
important in large projects. Interdependencies between development teams and various
stakeholders, and interdependencies between tasks in different teams, need stronger
mechanisms to control cost and time schedules. Such control is primarily the respon-
sibility of team leaders.

Prior studies suggest that coordination is more important to team performance in
large projects [4]. Our results show that coordination has some impact on project
quality when evaluated by team members but is negatively correlated with product
quality for both team members and team leaders. We would also have expected that the
three motivation teamwork aspects (effort, cohesion and balance of member contri-
bution) would have more impact in small projects, while the three interaction aspects
(communication, coordination and mutual support) would have more impact on large
projects. Our results show, however, that balance of member contribution and
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coordination were central to team performance in both small and large projects. Fur-
ther, effort, mutual support, communication, and cohesion appear to show a common
theme. This calls for further investigation.

The main limitation of this study concerns sample size. Although we had responses
from more than three hundred team members and leaders, “large projects” in this paper
is only represented by two projects and their respective organizations. The available
data indicates that the values of the investigated variables differ between small and
large projects, but the small sample for large projects means that caution should be
made when generalizing the findings. Another limitation is that the analysed variables
are ordinal (Likert-scale) which, ideally, should be analysed using non-parametric
statistics (e.g., Spearman correlations and median values). However, we found no
substantially different results when using Spearman correlations for the investigated
variables.

In conclusion, this study suggests that prior findings on teamwork in agile devel-
opment in small projects may not apply to large projects. Future studies should
investigate the quality of interactions between teams to better adopt agile methods in
large projects, and in particular pay attention to difference among different stakeholder
in the rating of team performance.
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