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Abstract. Agile methods are increasingly used in large development
projects, with multiple development teams. A central question is then
what is needed to coordinate feature teams eﬃciently. This study examines three mechanisms for coordination: Shared mental models, communication and trust in a large-scale development project with 12 feature
teams running over a four-year period. We analyse the ﬁndings in relation to suggested frameworks for large-scale agile development and a
theory on coordination, and provide new recommendations for practice
and theory.
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Introduction

Agile software development methods are increasingly used in large-scale software
development. These projects typically involve multiple teams responsible for the
development of numerous features of a solution, and often develop systems that
are critical to companies or societies. A study investigating fundamental assumptions within large-scale agile development [1] characterises such projects as having
complex knowledge boundaries within them, as well as an interactive complexity and tight coupling with technologies and processes outside the project. A key
change from small- to large-scale is that work across boundaries becomes at least
as important as work within teams. The topic of inter-team coordination, which
has also been included in the research agenda on large-scale agile development [2],
is critical in large projects and development programmes.
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Coordination is often deﬁned as managing interdependencies [3]. While there
is a growing body of literature on coordination in management science [4,5], in
this paper we draw on multiteam system research to increase our understanding
of team processes in agile development. Speciﬁcally, we refer to three coordinating mechanisms in teamwork proposed by Salas et al. [6]. In line with Scheerer
et al. [7] we believe prior work in this ﬁeld can inform practice in software development, and have therefore chosen this as our theoretical model and for example
not theory on coordination modes from sociology [8], or works on agile development such as the model for coordination in co-located development projects [9]
or previous empirical studies on agile inter-team coordination [10].
Our ﬁndings are based on material from one of the largest software development programmes in Norway, which is described in an exploratory case
study [11]. We explore coordination by using three mechanisms proposed by
Salas et al. [6], namely Shared Mental Models, Closed-loop Communication and
Trust, and by identifying practices that supported the mechanisms in our case.
We contrast our ﬁndings from the theory and case with the current frameworks
for large-scale agile development in order to provide feedback on the current
recommendations for practice. We investigate the following research question:
How can knowledge about multiteam systems explain inter-team coordination in
a large development programme, and how can this knowledge inform recommendations to practice as expressed in current large-scale development methods?
The paper starts with outlining present theoretical knowledge on large-scale
agile development and coordination. We provide a brief description of research
methods, present the ﬁndings and discussion structured after the three coordination mechanisms before concluding and providing suggestions for further
work.

2

Large-Scale Development and Coordination

Large-scale agile development can be found in practice in at least two distinct
forms: (1) in the case of large-scale software development project or program [11]
as part of a temporal organisation, and (2) as part of a standing organisation
where an IT department engages in ongoing software development embedded in
a portfolio management approach [12]. In the following we use the ﬁrst understanding of large-scale:
2.1

Large-Scale Agile Development: Studies and Practitioner
Frameworks

A 15 million-dollar project lasting 28 months to develop a web-based customer
booking engine for an American cruise company [13] was one of the ﬁrst largescale agile projects studied. The project was distributed and combined Scrum
with the Project Management Body of Knowledge Framework. Customers were
available but did not work together with developers on a daily basis. Some of
the challenges identiﬁed in the study were due to the size and involvement of a

218

F. O. Bjørnson et al.

high number of internal business sponsors, users, project managers, analysts, and
external developers from the UK and India. The communications were mainly
formal, and formal documents were needed for changes. However, the project was
considered a success, and the study describes the balance between traditional
and agile methods as essential in achieving both project control and agility.
Since this study, a small body of studies of large-scale agile development eﬀorts
have been published. A transition from traditional plan-based development to
agile development is reported by Petersen and Wohlin [14], following a case with
three large subsystem components developed by 117 people. Another study shows
how Ericsson used communities of practice to support process improvement and
knowledge transfer in a large development programme with 40 teams [15]. A
third study describes chains of Scrum teams in case organisations with 150, 34
and 5 teams [16]. Further, Bass [17] investigates method tailoring in large-scale
oﬀshore development and Dingsøyr et al. [11] describe architectural work, customer involvement and inter-team coordination in a large development program.
Scheerer et al. [7] describe large-scale agile development as a multiteam system,
and discuss theoretically how coordination can be achieved in this domain.
Implementations of large-scale agile development are often supported by
practitioner frameworks, most prominently Scaled Agile Framework (SAFe)
or Large-Scale Scrum (LeSS). The Scaled Agile Framework (SAFe) [18] was
designed by Dean Leﬃngwell, based in part on his experiences with the Nokia
transformation [19]. The framework is based on the idea of an enterprise model
dividing a software development organisation into three parts: Team, Program, and Portfolio. While sometimes criticised as too prescriptive, SAFe is
the most applied practitioner framework speciﬁcally designed for agile methods at large [20]. The Large-Scale Scrum (LeSS) [21] model was predominantly
created by Bas Vodde and Craig Larman to scale the original Scrum framework outside of individual Scrum teams. Similarly to SAFe, LeSS proposes an
organisational structure based on teams, accompanied by speciﬁc practices and
principles. Although coordination is mentioned as a challenge, both frameworks
address this only parenthetically.
Coordination is crucial in large-scale development. Begel et al. [22] report on
how Microsoft engineers coordinate, ﬁnding that coordination is mostly focused
on scheduling and features. They further point out that ‘more communication
and personal contact worked better to make interactions between teams go more
smoothly’. Email was the most used tool to keep track of dependencies on other
teams, for developers, testers and also program managers. The study emphasised that ‘creating and maintaining personal relationships between individuals
on teams that coordinate is indicated by many respondents as a way to successfully collaborate with colleagues’ and ﬁnally that ‘respondents would like more
eﬀective and eﬃcient communication between teams to ease their daily work burden’. A recent study explains ineﬀective coordination in large-scale development
as resulting from a lack of dependency awareness, due to ‘misaligned planning
activities of speciﬁcation, prioritization, estimation and allocation between agile
team and traditional inter-team levels’ [23].

Inter-team Coordination in Large-Scale Agile Development

2.2

219

Coordinating Multiple Teams

In 2001 Mathieu, Marks and Zaccaro introduced the term ‘multiteam system’
to indicate ‘..two or more teams that interface directly and interdependently in
response to environmental contingencies toward the accomplishment of collective
goals. Multiteam system boundaries are deﬁned by virtue of the fact that all
teams within the system, while pursuing diﬀerent proximal goals, share at least
one common distal goal; and in doing so exhibit input, process and outcome
interdependence with at least one other team in the system’ [24, p. 290].
Unlike a traditional team, a multiteam system is too large and specialised
to eﬀectively employ direct mutual adjustment among each and every member of the system [25]. An empirical study by Marks and colleagues [26] points
out that coordination ‘involves synchronising the eﬀorts of multiple teams in a
joint endeavour to handle situational demands’ [26, p. 965]. Hence, cross-team
processes appear to predict multiteam performance more than within-team processes [26]. The study by Dingsøyr et al. [11] describes practices for inter-team
coordination and found that the case program established far more arenas for
coordination than what is recommended in agile frameworks, that these arenas
changed over time, and that program participants emphasised the importance
of an open-oﬃce landscape.
The term coordination has been used for a variety of phenomena. Triggered
by the impracticality of the variety of deﬁnitions, Salas et al. [6] reviewed existing
literature and introduced the ‘Big Five’ in teamwork. The Big Five in teamwork
consists of ﬁve components and three coordinating mechanisms. The components
are found in almost all teamwork taxonomies: team leadership, mutual performance monitoring, backup behaviour, adaptability, and team orientation. While
the ﬁve components have been previously used to understand teamwork in agile
teams elsewhere [27,28], in this paper we will focus on the coordination mechanisms. According to Salas et al. [6], the coordinating mechanisms fuse the values
of the ﬁve components. The Big Five framework is equally relevant inter-team
processes in multiteam systems [29,30].
The three coordinating mechanisms are:
Shared Mental Models are crucial for coordinated eﬀective action [31]. ‘For
teams to eﬀectively work together, teams must have a clear understanding of the
work process, the tasks, and of other teams capabilities’ [6, p. 565]. It is important
that all teams share the same mental model so they can interpret contextual cues
in a similar manner and make compatible decisions regarding their common goal
[32,33]. A shared mental model is even more important in times of stress or in
a fast-changing environment as the amount of explicit communication decreases
in such situations [6]. Moreover, misaligned mental models can cause conﬂicts
and misunderstandings [34, p. 299] [35, p. 99].
Closed-loop Communication is more than merely developing and sending messages; it also has to do with creating a shared meaning [36, p. 178]. Communication is the simple exchange of information whereas closed-loop communication
adds a feedback loop: Was the information received and interpreted correctly
[6, p. 568]? This extra feedback loop is pivotal for successful communication
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between multiple teams [37, p. 25]. Communication both between and within
teams is needed to share information, synchronise actions and keep the shared
mental model updated. Also it avoids the noise generated by teams merely focusing on their own tasks [26,36]. Although communication might be hindered by
team boundaries through distrust [34].
Trust is deﬁned as the shared belief that teams will perform their roles and
protect the interests of their co-workers. [6, p. 561]. Mutual trust is the teams
conﬁdence in the character, integrity, strength and abilities of another team [38,
p. 106] or group. Trust moderates the relationship between team performance
and various other variables [39,40]. Trust is a crucial team process, however it
does not develop easily across group boundaries [34,41].

3

Method

The empirical data in this study was gathered in a previous study, described in
detail by Dingsøyr et al. [11]. The case was chosen since it was characterised as
the most successful large-scale programme in Norway at the time, with extensive
use of agile methods. The research question, how agile methods are adapted at
a very large-scale, was investigated in an interpretative embedded exploratory
case study. A case study approach was chosen as it achieves ‘the most advanced
form of understanding’ [42, p. 236].
In the original study, data was collected from two sources, group interviews
[43] and documents. The original study had three focus areas: Customer involvement, software architecture, and inter-team coordination. Three two-hour group
interviews were organized with 24 particpants from the programme. The data
from the interviews was transcribed, and the transcriptions along with project
documents were imported into a tool for qualitative analysis.
A descriptive and holistic coding [44] was then performed on the topic of
inter-team coordination. The results were discussed and presented back to the
participants which provided input that led to some small revisions of the ﬁrst
ﬁndings.
Our ﬁndings in this paper are based on the original transcriptions of the
inter-team coordination focus area, as well as on all material coded with ‘organisation of the programme’. The material was re-analysed with a starting point in
the original coding, but with respect to the coordination mechanisms. In particular we looked for description of practices of shared mental models, closed-loop
communication and trust at the inter-team level.

4

Case

In this paper we refer to our case as the Perform programme, which was a
programme led by a public department, the Norwegian Public Service Pension
Fund, further called ‘Pension Fund’, which required a new oﬃce automation
system. The programme ran for four years, from January 2008 to March 2012.
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Context

The Pension Fund is a department with about 380 employees who provide
950,000 customers with several types of services. It integrates heavily with
another public department. The Pension Fund initiated Perform due to public reform that required new functionality in their existing oﬃce automation
system. The content of the reform was not known when the programme started,
which was one of the main reasons for choosing agile development practices for
the project. The goal of the programme was to enable the Pension Fund to provide timely and accurate services and to ensure a cost-eﬀective implementation
of the reform.
At the time, Perform was one of the largest IT programmes in Norway,
with a ﬁnal budget of EUR 140 million. It involved 175 people, 100 of whom
were external consultants from ﬁve companies. In total the programme used
about 800,000 person-hours to develop 300 epics, divided into 2500 user stories.
The epics were released through 12 releases, from late 2008 to early 2012. The
whole program was co-located on one ﬂoor in an open-oﬃce landscape, with
team members seated together. The programme was considered a success in
that it delivered the necessary functionality within time and on budget. In the
following sections we focus on the period from around 2011 when the programme
organisation was large and had time to adjust its work practices.
4.2

Structure and Organisation

Perform was managed as a matrix programme, with four main projects intersecting, mainly through personnel from the feature teams in the development project.
The programme was led by a director, focusing mainly on external relations, and
a programme manager who focused on operations. Four main projects had their
own project manager: Business, architecture, development and test projects.
The business project was responsible for analysing needs, and deﬁning and
prioritising epics and user stories. Product owners could be found in this project
along with employees from the line organisation in the department and technical
architects from the development teams who contributed on a partial basis.
The architecture project was responsible for deﬁning the overall architecture.
This project was staﬀed by a lead architect as well as staﬀed on a part-time
basis by technical architects from the development teams.
The test project was responsible for testing procedures and approving deliverables. The project had a lead tester and part-time testers from the development
teams.
The development project was itself split into three sub-projects. One was lead
by the Pension Fund, consisting of six teams. The other two were led by consulting companies Accenture and Sopra Steria respectively, each with three teams.
These development teams worked according to Scrum with three-week iterations,
delivering on a common demonstration day. Each team was staﬀed with a Scrum
master, a technical architect, a functional architect, a test responsible, and 4–5
pure developers, a mixture between junior and senior levels.
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The development process was inﬂuenced by a national contract standard
with four phases: analysis, description, construction and approval. The process
was staged and continuous so the programme worked on approving the previous
phase while constructing the current phase and analysing and describing features
in the coming phase.
4.3

Inter-team Coordination

In the following section, we show how coordination mechanisms were inﬂuenced
by the practices of the programme, and how they developed over time. We only
focus on practices at the inter-team level:
Shared Mental Models is observed in the solution descriptions where technical and functional architects worked together to specify on a wiki what was
to be made in more in-depth detail than epics or user stories. As the project
matured, these descriptions decreased in size, leading to a more eﬀective use of
resources in the business project. This is an indication that participants in the
programme started to get a shared mental model of the solution, so less text
was needed for speciﬁcation.
Several practices can be seen as contributing to establishing this shared mental model. We have focused on practices relating to a shared understanding of
the work process, the tasks to be done and the shared awareness of who knew
what.
The work process was established early on in the project, and contributed
to a homogenous view on the work practices and a shared mental model. Many
developers had previous experience working with Scrum and together with the
matrix organisation, the specialised roles and iterative four-phase development
process that many developers had used before, a common understanding of how
work was to be done emerged. In the beginning, formal arenas were used for
communication, coordination and learning, but as time went on, more emphasis
was placed on informal channels. This could indicate that a shared mental model
had emerged so people knew who to contact directly instead of going through
the more formal channels. In total we identiﬁed 14 arenas for coordination.
Concerning the tasks, there were several practices that contributed to a
shared mental model. One of the most important practices was the specialised
roles within those teams which were shared with other projects. In several cases,
the team rotated the employee responsible for the solution description in each
iteration. This lead to an overall increase in domain knowledge, and a shared
mental model between the development project and the business project, which
enabled more eﬃcient collaboration. ‘As the contractor starts to understand more
about the context, the customers real problem is more visible, and this means we
can ﬁnd a solution together. Fast.’ The project also provided opportunities for
people to listen in on other teams, through stand-up meetings. This was particularly useful for the leaders of the architecture and testing teams, who needed
to know what was going on in other teams.
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The ﬁnal part of building and maintaining a shared mental model is knowing
who knows what. Several practices contributed here. As the project was evolving,
coordination increasingly took place directly between diﬀerent teams. Getting
to the point of knowing who knew what was a combination of formal arenas
in the beginning and a willingness to experiment with those arenas and change
them as the needs changed. ‘Having enough coordination arenas to know that
“Oh, we need to talk” and “This is what we need to talk about in detail”. The
combination of the semi-structured meetings and those that just happened were
the most important in my opinion. But then you need enough of the places where
you are informed on what is happening so you actually go and talk to the ones
you need to talk to.’ In addition to the arenas where people got to know each
other, the specialists in the feature team played key roles in knowing who knew
what, since they often had a better overview of other parts of the project.
Closed-Loop Communication at the inter-team level was observed between
several teams, but a prominent example was the introduction of mini demos,
shared between feature teams and the business project. Early on, common demos
were held at the end of every iteration so everyone could provide direct feedback
on the implemented solution. This delayed feedback as iteration length was three
weeks, and teams introduced the concept of mini-demos during iterations where
they received rapid feedback from the customer in the business project to ensure
they had understood the requirements correctly. The fact that the Pension Fund
was able to provide upwards of 30 of their best line operatives to man the business
team of the project was a great beneﬁt to the developers who could ask directly
for clariﬁcations on user stories.
Many emphasised the importance of informal coordination arenas enabled
by the co-location and open landscape when it came to the eﬃcient (closeloop) communication in the programme. Even though there were many oﬃcial
coordination arenas, like the daily stand-up, a Scrum of Scrum between teams in
the sub-projects and a meta-scrum covering the entire programme, a lot of the
coordination happened directly between members of diﬀerent teams who had to
make sure the information they passed through the formal arenas was received
and interpreted correctly.
The formal arenas were necessary, however, as a project manager expressed
it: ‘Having processes to work with dependencies is important for the maturation
of the work, to get an improved understanding. But you need frequent local control
and cooperation to really ﬁgure it out.’ The formal arenas seemed most important
in the beginning as an enabler of later informal communication, as expressed by
an architect: ‘I imagine these arenas are most important in the beginning, but
the importance decreases as you get to know each other. You get used to just
walking over to the person you know can ﬁx this thing for you and talking to him
directly.’
There seemed to be a widespread belief from all participants that informal direct communication would improve or enable better communication
between teams in the programme. The program sought to improve the informal

224

F. O. Bjørnson et al.

communication by physically moving teams around in the landscape. ‘And then
we had some conscious choices to cover the informal communication. A Pension Fund-team that started working with the GUI-part far into the work-ﬂow,
they were moved over there and we switched the placement of those two teams
[demonstrates on whiteboard]. We wanted that team and that team to work closer
together. That was a conscious choice from the Pension Fund and us.’
Trust. An example came early in the programme, when there was a delay in
delivery. Some in the management in the Pension Fund wanted to monitor the
programme more closely. But the director of the Pension Fund stated: ‘Let the
people who know how to work, work!’ A project manager states the outcome of
this decision: ‘We had a delivery which we missed, and it was touch and go if
we should be allowed to continue. [..] The fact that we were allowed to mature
was important. I feel the suppliers learned from each other and used the others
to grow.’
There are several other examples in the material illustrating that trust was
given between teams. For example, the manager team trusted the feature teams
to take the right actions. ‘They [feature team] told us [manager team] that they
exchanged tasks, more like a checkup that if you don’t mind, we’ve done so and
so, because its better. -OK Go!’ This was also a result of a shared mental model:
The teams identiﬁed each other as better suited to their respective tasks. In
another example, the feature teams trusted the other teams to respect their
need for shielding during hectic periods. ‘You know that my team needs to be
shielded for a time, and then you just walk over to (sub-project manager) and
tell him.’
Some of the trust seems to be built on the informal coordination that was
enabled through the more formal arenas, as we have described previously. The
matrix structure and specialised roles in the feature teams also contributed. The
feature teams had to trust the business team to deliver enough work for an
iteration and the business team had to trust the feature teams to swap tasks
if they identiﬁed that other teams were more suited. There was much openness between teams and between suppliers who were otherwise competitors. The
open workspace and common lunch area also seem to have contributed to the
relaxed and trusting atmosphere between the teams. The mix of informal and
formal arenas provided developers from diﬀerent teams the opportunity to discuss problems and suggest solutions informally as they cropped up, but the ﬁnal
decision to implement was made in a formal arena. This practice allowed developers to handle problems autonomously, and made sure that there was a proper
way to disseminate the solution to other teams.

5

Discussion

We return to our research question: How can knowledge about multiteam systems
explain inter-team coordination in a large development programme, and how can
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this knowledge inform recommendations to practice as expressed in current largescale development methods?
Rentsch and Staniewisz [45, p. 226] hypothesise that ‘coordination mechanisms need to function at the team, inter-team and system levels in order for the
multiteam system to utilise their available capacity fully’. As a program delivering on time and cost, we know that the Perform program utilised their capacity
well, and we also know that the program continuously worked on improving
work practice, which led to changes in coordination practices. The feature teams
followed Scrum with practices such as iteration planning, daily meetings, demonstrations and retrospectives on team level. In the following section, we discuss
our two research questions for each of the coordination mechanisms:
5.1

Shared Mental Model

A Shared Mental Model includes a clear understanding of the work process, the
tasks, and of other teams capabilities [6, p. 565]. In the results, we showed how
the solution descriptions were reduced in size, which is an indication of a shared
mental model.
We believe the Scrum development method can be seen as a powerful shared
mental model, as it is easy to understand with few roles, work practices and
artefacts. The programme added new roles and projects on top of this, building
on the contract model which was widely known amongst participants. All teams
demonstrated developed functionality every three weeks. Adding more roles,
work practices and artefacts risks limiting the function of a development method
as a shared mental model. With the new frameworks SAFe and LeSS, we believe
LeSS is closest to the model used in the Perform case. SAFe is a more complex
model, and we believe this model will require more eﬀort to function as a shared
mental model. Building on a lightweight framework such as Scrum could help
develop a shared mental model.
The fact that all the teams in the project are located on the same ﬂoor
means that project members walk by the progress boards of other teams and
this aids the formation of a shared mental model. The matrix model meant that
projects such as business and development worked together to develop a shared
understanding of tasks prior to actual development. Furthermore, joint responsibility from the development and testing projects led to a shared understanding
of quality requirements on the codebase. Placing a team together physically is
common advice in the agile practitioner literature, but having a matrix organisation is more controversial. Scrum describes only the role of a facilitator and
team members for a development team. Our case suggests that adding roles on
the teams and organising the programme in a matrix structure is important to
develop a shared mental model. Additional roles could help develop a shared
mental model of tasks.
The open-oﬃce landscape led to overall insight in the work across teams
as the progress boards were visible, and it was easy to see which teams were
having discussions after daily stand-up meetings. We also described the number
of meetings in the beginning of the programme as something that established
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knowledge of who knows what. Developing a shared mental model of who knows
what requires extra eﬀort in projects with people new to a domain and the
project organisation.
5.2

Closed-Loop Communication

Agile development methods have led to shorter feedback loops in development
projects. In the Perform program, the iteration length was three weeks. Closedloop communication is addressed by the frequent review and coordination practices in and across teams through planning, demonstrations or product backlog
reﬁnement, as well as through frequent discussions with the teams and relevant stakeholders in the preparation and review of partial results. This is also
described in the SAFe and LeSS frameworks. Perform introduced the new practice of mini-demos to improve the closed loop communication between the development and business projects.
We believe that closed-loop communication was enhanced in the Perform case
by frequent feedback as prescribed by agile practices, by the physical proximity
of teams situated together on one ﬂoor, and by the tailored work methods to
improve communication such as with the new practice of ‘mini-demos’.
5.3

Trust

In the theory section we stated that closed-loop communication can be hindered
by team boundaries through distrust. The Perform program involved a number of
companies with their own work cultures, yet participants seem to have developed
trust (as explained in our results section) both from top to bottom (as illustrated
by the Programme Director’s “Let the people who know how to work, work!”,
and trust between teams as described in understanding that teams needed to
be shielded during an iteration. Agile methods with focus on transparency and
feedback loops are well suited to develop trust.
Other practices such as common work spaces and shared lunches also created
a form of identity and stimulated contact, both of which increased the level of
inter-team trust. The amount of open and informal communication and decisionmaking has been shown to be indicators of how trust develops [46]. Additionally,
trust literature shows that trust develops if there is more interpersonal contact
[47]. There is a negative relationship between team size and interpersonal contact. This relation between team size and trust might explain why the agile
methods seem to work better in smaller organisations compared to larger ones.
However, relationships within teams and the context around teams are not
static. Hence the static nature of the practical models does not align with the
reality of how relations develop in multiteam systems.
Reﬂective sessions such as retrospectives used in Perform and described in
both SAFe and LeSS will likely inﬂuence the amount of trust. Practices, artefacts
and roles facilitate and stimulate coordination, yet one very inﬂuential factor
hardly receives attention: the human. For example, literature on trust tells us
that it does not develop easily across team boundaries [34] and that it inﬂuences
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the amount of communication [36]. Trust is critical in large-scale development
and is challenging to develop. Co-location and the agile practices of frequent
delivery seem to develop trust.
5.4

Limitations

The main limitations of this study were that the group interviews were performed after the programme was completed, and that we were not able to follow
the case over time. Second, the data collection was not particularly targeted
at the mechanisms identiﬁed in the multiteam systems literature, but rather
structured around broad questions of how the programme organised inter-team
coordination. See [11] for further discussion of the limitations of our study.

6

Conclusion

In this paper we used current multiteam systems literature to help understand
inter-team coordination processes in large-scale agile project teams. In particular, we use the three coordinating mechanisms proposed by Salas et al. [6] to
understand inter-team coordination in practice.
Our results indicate that using the multiteam systems perspective on largescale agile teams is useful as it provides reasons for practices that are described
in agile development frameworks. A shared mental model, closed-loop communication and trust have been identiﬁed as important coordination mechanisms in
teamwork in multiteams. The ﬁndings from our case show the relevance of these
three coordinating mechanisms for large-scale agile development and underline
the importance of inter-team coordinating mechanisms compared to intra-team
coordination.
The three mechanisms are interrelated and their combined eﬀect inﬂuences
the project’s success. The practices suggested in large-scale frameworks indicate
that many practices contribute to or inﬂuence more than one coordination mechanism at the same time. From the discussion, the following conclusions follow
on the coordination mechanisms:
– Building on a lightweight framework such as Scrum helps develop a shared
mental model of the development process.
– Additional roles could help develop a shared mental model of tasks.
– Developing a shared mental model of who knows what requires extra eﬀort
in projects with people new to a domain and the project organisation.
– Closed-loop communication was developed due to a combination of (1) frequent feedback as prescribed by agile practices, (2) co-location on one ﬂoor,
and (3) tailoring of work methods to improve communication such as the
practice of ‘mini-demos’.
– Trust is critical in large-scale development and more challenging to develop
than in small-scale scenarios.
– Co-location and the agile practices of frequent delivery seem to develop trust.

228

F. O. Bjørnson et al.

There is a growing number of studies on multiteam systems which we believe
are relevant for practitioners and researchers in large-scale agile development.
In particular it would be interesting for future research to further explore how
human aspects inﬂuence coordination, following up on Begel et al. [22] who
found that creating and maintaining personal relationships was critical to good
coordination. In the future, researchers should draw further on ﬁndings in the
multiteam systems ﬁeld to provide better advice on how these aspects can be
fostered in development methods.
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