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Abstract

Context:. Communication and coordination are essential ingredients to success-
ful requirements and software engineering. However, especially in large organi-
sations, it is difficult to establish and maintain communication channels.

Objective:. In order to facilitate communication, we investigate automatic con-
struction of social network models from existing requirements and systems en-
gineering models.

Method:. We conducted a design science research study in three iterative cy-
cles at a large automotive company, and evaluated the outcome based on 15
interviews with practitioners and a survey with 12 participants.

Results:. The resulting approach, denoted LoCo CoCo, automatically creates
and visualises social networks based on selected systems engineering compo-
nents of real-life, productive systems engineering models. Our results indicate
that automatic construction and visualisation of social network models could
be feasible and useful to overcome existing communication challenges.

Conclusion:. Despite a lack of quality in existing social data at the case com-
pany, practitioners found LoCo CoCo potentially helpful to overcome existing
communication challenges. Additionally, the visualisation could trigger practi-
tioners to keep their social data up to date.
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1. Introduction

Communication and coordination are essential activities in software and sys-
tems engineering [1, 2]. Breakdowns in these activities, often caused by geo-
graphical [3] or socio-cultural distances [4], can cause profound problems [5, 3].
Therefore, lack of communication and of knowledge sharing are among the top
challenges in global software development [6]. In particular, communicating re-
quirements [7], and sharing the product and contextual knowledge required to
understand requirements during analysis and development [8] are challenging.
At the same time, they are highly important due to the substantial impact
requirements engineering (RE) has on the project outcome [9].

The structure of all interacting individuals and groups in an organisation
and across organisations can be described as a social network. That is, a social
structure of individuals who are related directly or indirectly to each other based
on a common relation of interest [10]. Analysing such networks is known as
social network analysis (SNA) and has successfully been used as a technique to
uncover gaps in communication [11, 12]. In software engineering, SNA has been
used, e.g., by Damian et al. [13, 14] to facilitate collaboration and relationships
among individuals in software teams.

While reported results (e.g., [13, 14]) indicate that the use of SNA in soft-
ware engineering is beneficial, it requires a large manual effort to create social
networks. Existing automated approaches, such as Codebook [15] or Experi-
enceBrowser [16], focus on software development artefacts on a low level of ab-
straction, such as source code or bug requests. These approaches often assume
that there is a large amount of data available for data mining or that there is
already an ongoing discussion around artefacts such as bug requests. However,
in large systems engineering projects, communication between different disci-
plines is required [8], taking place on a domain level independent of the source
code. On this high level of abstraction, there are less available data contained
in different systems engineering tools. Furthermore, there are fewer changes
on and discussions around these kind of data due to long project lead times.
To establish communication between disconnected parts of large organisations,
our goal is to automatically construct social networks from existing data on a
high level of abstraction and independent of source code, following Herbsleb’s
suggestion to use the project memory [7].

In this paper, we present LoCo CoCo, the Low-Cost Communication and
Coordination approach. LoCo CoCo is the result of a one-year design science
research project in three cycles, conducted at a large automotive original equip-
ment manufacturer (OEM). LoCo CoCo automatically creates and visualises
social networks from model-based systems engineering data2 by leveraging a

2With model-based systems engineering data, we refer to data or artefacts related to sys-
tems engineering activities and tasks, structured by a meta model defining types and relation-
ships between different items.
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structural meta model similar to standards like EAST-ADL [17] and AUTOSAR
[18]. We identify people and relations between them by extracting ownership
and trace information from systems engineering data. The resulting networks
are used as a supporting tool for enabling or improving communication and
coordination. We evaluated LoCo CoCo analytically, by constructing social
networks from real-life systems engineering data at the industrial partner. Ad-
ditionally, we collected empirical data from 15 interviews and 12 surveys with
practitioners.

Our results indicate that LoCo CoCo could help to address existing com-
munication challenges by identifying important contacts across the organisation
structure, thus facilitating communication of requirements and related knowl-
edge in systems engineering. While we observed that the quality of social data
in existing systems engineering tools, such as ownership data or information
about who changed elements, is sometimes low, practitioners rated it as suf-
ficient. Furthermore, visualising erroneous connections due to outdated social
data could serve as a trigger for practitioners to update the data. Finally, we
elicited several ethical implications arising from the use of social data. These
will have to be considered when using LoCo CoCo or similar approaches in
industry.

The related work regarding communication challenges in software engineer-
ing and RE, and SNA as well as construction of social networks is presented in
Section 2. The research method, including a discussion of the three iterative de-
sign science cycles and a discussion of validity threats, is described in Section 3.
In Section 4, the specifics of the industrial case company at which the research
project was conducted and evaluated is described. We describe the three design
science cycles in Sections 5 to 7. The paper is concluded with a discussion in
Section 8 and a conclusion in Section 9.

2. Related Work

Communication and coordination play an essential role in software engi-
neering [1, 2]. Due to their importance, the topics have been studied in detail
since the late 80s. Based on a field study of 17 projects, Curtis, Krasner and Is-
coe [5] report that communication and coordination breakdowns are a high-level
problem in software design for large systems. From a survey with 775 Microsoft
software engineers, Begel et al. [19] report that personal contact improved inter-
action between teams. In a recent systematic literature on challenges in global
software development [6], lack of communication and lack of knowledge sharing
among teams are among the top challenges reported. In a case study con-
ducted in the automotive domain, we discovered several major challenges with
respect to communication and knowledge sharing [8]. Among these challenges
are, e.g., lack of knowledge regarding the product, lack of knowledge regarding
the requirements context and establishing communication channels within the
organisation (and especially across organisation boundaries).

One technique to study communication and coordination is SNA. A social
network is defined as a social structure of individuals who are related directly
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or indirectly to each other based on a common relation of interest [10]. SNA
is, by definition, a strategy for investigating social structures by using network
and graph theories [20].

SNA has been used widely outside software engineering. For example, Lin
et al. [12] study the challenges and solutions in mining and analysing social
networks in enterprises. The authors use multiple sources of social data, in-
cluding emails, instant messages, calendar meetings and file sharing. They
describe multiple challenges of this approach, such as gaps caused by not col-
lecting teleconference data and face-to-face interaction data. By constructing
social networks in Fortune 500 organisations, Cross et al. [11] could identify
communication gaps and improve the situation.

In the area of software engineering, Damian et al. [13] describe an approach
to construct a requirement-centric social network, representing the relationships
among members working on a requirement and its associated downstream arte-
facts. The authors demonstrate their approach through a case study, which
examines requirements-driven collaboration within an industrial, globally dis-
tributed software team. In contrast to our study, the networks in [13] are
constructed manually and based on the actual communication of people. In
another study, Wolf et al. [14] explore collaboration in software teams by min-
ing repositories of broken builds. The study describes the importance of the
constructed network for different roles in the project, e.g., project managers,
team leaders and developers. Similar to [13], the actual communication is in-
vestigated based on how people communicate around tasks, e.g., around a filed
bug. Lim et al. [21, 22] propose StakeSource, an approach that uses social net-
works to identify stakeholders for requirements elicitation. The approach builds
on recommendations given by stakeholders regarding other potential stakehold-
ers. StakeSource is evaluated in a university software project, with stakeholders
expressing strong interest in the technique. In contrast to StakeSource, our
study does not identify stakeholders for requirements elicitation, nor does it
require manual recommendations from stakeholders. Instead, it only uses exist-
ing requirements and other systems engineering data with the aim to support
communication, e.g., to clarify existing requirements. Mockus and Herbsleb [16]
present their tool Experience Browser, which allows engineers to locate people
with the right expertise. Expertise is identified by locating artefacts related to
a person in software change management systems. Evaluation of the tool in a
real-life context shows that users at newly established company sites are the
most active users of the tool. The tool has a slightly different focus than LoCo
CoCo, focusing on changes in the source code to understand who is most active
in what parts of a project. As such, its focus is mainly on software developers.
Begel, Phang and Zimmermann [15] present their approach Codebook, which
mines software repositories to create graph representations of people and arte-
facts. Initially, the authors collect important use cases from a survey among
developers. The approach focuses on collecting a large amount of data and
inferring relationships among people through different techniques, e.g., natural
language processing. To find possible connections between people, engineers
can enter regular expressions describing the nature of connections they are in-
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terested in. The Microsoft Visual Studio plugin CARES, based on Codebook,
is presented and evaluated in [23, 24]. While the architecture of Codebook is
rather general and could, therefore, also apply in our case, there are multiple
differences between the approaches. First, LoCo CoCo focuses on artefacts on
a high level of abstraction, i.e., independent of source code and defined items
and relationships only, without mining free natural language text. This means
that our approach will produce smaller networks based on actual connections in
existing data, without the possibility of false positives. Hence, while Codebook
collects as much data as possible and then filters these data using regular ex-
pressions, we proceed the other way around, by first selecting which connections
are relevant and then visualising the entire network for exploration. Secondly,
we describe in more detail the meta model underlying our graph representation
and investigate additionally ethical implications of using the social networks in
practice. Finally, the aim of LoCo CoCo is to establish communication between
engineers at all phases of the systems engineering life cycle, while the CARES
plugin focuses on developer-to-developer communication only. Especially engi-
neers from other disciplines than software engineering are typically not aware
of the source code and related implementation details. Therefore, they cannot
be expected to participate in discussions around bugs or source code changes.
Instead, those multi-disciplinary discussions take place at a higher level of ab-
straction, concerning, e.g., requirements, change requests to those requirements
or system-level tests.

3. Research Method

The aim of the presented study is to aid engineers in tackling communication
challenges, by automatically constructing social networks from existing systems
engineering data.

This aim is broken down into the following four research questions.

RQ1: To what extent can social networks be constructed automatically from
model-based systems engineering data?

RQ2: How do practitioners evaluate the potential of these networks to tackle
known communication challenges in systems engineering?

RQ3: For which additional use cases would practitioners like to use LoCo CoCo?

RQ4: To what extent can LoCo CoCo be used with different tools and organi-
sational contexts?

RQ1 aims at investigating the feasibility of LoCo CoCo by designing an
artefact that automatically constructs social networks from existing data at the
case company. This artefact is then evaluated with practitioners, aiming at
answering RQ2 in the form of a static validation [25]. While we focus on tack-
ling communication challenges in software engineering, further use cases might
appear in different organisation contexts. Therefore, we investigate with RQ3
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which additional use cases practitioners consider for LoCo CoCo. Finally, RQ4
aims at extending the scope from the case company with only one systems en-
gineering tool to a wider audience, considering the use of multiple tools, ethical
implications and visualisation.

3.1. Design Science Research Cycles

To answer the research questions, we chose a design science research method.
Design science research is a problem-solving paradigm, aimed at extending ex-
isting boundaries by creating and applying new artefacts [26]. Related research
methods that could have been considered for our research questions are case
studies and action research. However, in case studies the focus is on observa-
tion of a phenomenon in its context, without actively designing or creating an
artefact [27]. Action research has the purpose to “influence or change some
aspect” [28]. As such, compared to design science, there is a stronger focus on
the existing process or context at the company that is to be changed, and not
on the design of a new artefact.

Following the design science guidelines proposed by Hevner et al. [26] and
the cycle model described in Vaishnavi and Kuechler [29], we conducted three
research cycles. Each of the three cycles was conducted using the five-step pro-
cess proposed by Vaishnavi and Kuechler [29], which consists of the awareness
of the problem, suggestion, development, evaluation and conclusion steps.

The three-cycle process is depicted in Figure 1. The first cycle, inception,
aimed at investigating the approach by constructing and evaluating an initial
artefact to automatically create social networks (RQ1 to RQ3). Based on the
experience gathered in the first cycle, the second cycle, improvement, aimed at
improving the artefact by increasing the accuracy of the constructed networks,
widening its scope and by including more features (RQ1 to RQ3). The final
cycle, generalisation, aimed at widening the scope of the constructed artefact,
in order to allow technology transfer to industry (RQ4). This included propos-
ing a concept for improved usability, an integration meta model to allow easy
integration of additional data sources and studying ethical issues related to the
construction and usage of social networks.

We used surveys to evaluate the outcome of each design science cycle. Sur-
veys are appropriate to capture the current status or the current situation, and
can be of quantitative or qualitative nature [30]. However, to reflect the different
focus of each cycle, we collected data in different ways. We used interviews with
open questions in all three cycles to allow for unanticipated answers [31] and
follow-up questions. In the second cycle, we additionally used a questionnaire
with mainly closed questions to allow for a quicker data collection and analysis,
and to reach a wider sample. The questions asked during each evaluation cycle
are listed in Appendix A. Finally, we performed an analytical evaluation of our
design in the third cycle, i.e., we examined the structure of the artefact for static
qualities [26] (correctness in our case).

In the first cycle, we gathered interview data through 4 semi-structured
interviews with two function developers and two function owners at the case
company. For each interviewee, we created 2 networks (based on two different
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Cycle 1: Inception 

Cycle 2: Improvement 

Cycle 3: Generalisation 

- Improved problem understanding 
- Clear goals for next cycle 

- Improved problem understanding 
- Clear goals for next cycle 

Evaluation:
- 4 interviews

Evaluation:
- 6 interviews
- 12 surveys

Evaluation:
- 5 interviews
- analytically

Figure 1: Three-cycle Design Science Research

sources of social data) for the interviewee’s main area of work and one sub-
network only depicting people with direct connections to the interviewee. We
asked the participants to assess the accuracy of the networks compared to reality,
i.e., whether they reflect the real-life situation at the case company. However,
we use congruence instead of accuracy in the remainder of the paper, as the
participants compared the network to their subjective image of reality, and
not an objective reality. Additionally, we asked the interviewees to assess the
usefulness of the networks, independent of their perception of congruence. We
did this by first asking for the usefulness in general, without giving a concrete
use case, and then asking for the usefulness for the specific use case of finding
experts.

In the second cycle, we again gathered interview data from 6 practitioners,
using an unstructured interview guide, loosely following the interview questions
from the first cycle. The focus was on exploration of LoCo CoCo’s features
and, especially, on potential improvements. We complemented this with an
online questionnaire, collecting quantitative data from 12 practitioners. In the
online questionnaire, we briefly described the approach, followed by a number of
questions on the usefulness and accuracy. We also invited the interviewees from
the first cycle to participate in the questionnaire. However, as it was completely
anonymous, we do not know if they participated. Additionally, to complement
the industrial evaluation with an academic view, we presented our results up to
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this point to a researcher not involved in the study.
Finally, the third cycle was evaluated empirically, using 5 interviews, and an-

alytically, comparing automatically-constructed networks with manually-constructed
ones. In total, we conducted 15 interviews with 11 different practitioners. Four
of them were also included in a focus group, which we consulted during each
cycle. Table 1 summarises the interviewees with their roles and the cycle in
which they were interviewed. Here, FG denotes that the person participated in
the focus group, whereas C1, C2, C3 denote in which respective cycle they were
interviewed. Survey participants are not listed as they were anonymous. The
roles included in the evaluation steps were chosen to cover technical experts
(i.e., tool experts and managers), managers with an overview of the process
and engineers who would use LoCo CoCo in their daily routine (e.g., function
developers or verification engineers). These different roles lead to a different
work focus, providing us with different insights. We did however not favour
any role over the other, e.g., by preferring people with more experience. The
different amount of participants in the three evaluation cycles can be explained
by a change in focus during each evaluation. In the first cycle, we aimed for
early feedback with a few selected participants, mainly based on convenience.
In the second cycle, we instead aimed for variety of roles, so that we would get
a more general picture of the usefulness of LoCo CoCo. Finally, in the third
cycle, we focused on participants with expert knowledge with respect to tools
or the organisation/team structure, as the additions in this cycle were mainly
of conceptual nature.

Participant Role FG C1 C2 C3
Person A Function Developer X
Person B Function Developer X
Person C Function Owner X
Person D Function Owner X
Person E Tool Manager X X
Person F Tool Expert X X X
Person G Team Manager X X X
Person H Tool Expert X X X
Person I Function Owner X X
Person J Function Owner X
Person K Verification Engineer X

Table 1: Interview participants with role

A detailed discussion of what we did in each cycle and of the results is
presented in Sections 5 to 9.

3.2. Validity Threats

In the following, we discuss existing threats to validity and our mitigation
strategies.
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3.2.1. Construct Validity

In order to avoid misunderstandings, we presented the purpose of the study
prior to each interview and in the survey invitation email. In the online ques-
tionnaire, we provided a screen shot for each set of questions to clarify which
sub-feature of LoCo CoCo we were evaluating. In the third cycle, all intervie-
wees had previous knowledge of the project. We presented a brief introduction
at the beginning of each interview to remind them and to avoid confusion.

The evaluation presented in this study is a static validation according to
the classification by Gorschek et al. [25]. Therefore, we cannot state that LoCo
CoCo does indeed aid in tackling communication challenges in real-life industrial
practice. We plan to conduct this kind of validation in an ongoing project.

3.2.2. Internal Validity

LoCo CoCo produces potentially sensitive output, e.g., key persons or iso-
lated persons in a given context. Even though the networks reflect relationships
existing in real-life data, it is possible that the practitioners’ feedback is affected
by this sensitivity. This sensitivity is a potential threat to validity and cannot
be ruled out in our current approach.

3.2.3. External Validity

The study was conducted in one automotive company, constructing networks
from models in one systems engineering tool. Even though we devoted the third
design science cycle to increase the generalisability of the approach, it might so
far be limited.

To improve external validity, we chose interviewees and survey participants
from different departments and roles at the case company.

3.2.4. Reliability

Our tool choice and access to the case company might be a decisive factor
for the success of our study. A lack of similar conditions could potentially limit
reliability.

To enable replication, the questionnaire and the survey raw data are fur-
thermore published3.

4. Case Company

Next, we introduce the case company and the systems engineering tool Sys-
temWeaver4, which we used as a systems engineering repository during the first
two cycles.

3http://grischaliebel.de/data/research/MLK_LocoCoco.zip
4http://www.systemweaver.se/
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4.1. Volvo GTT

Volvo Group is a Swedish multinational automotive company. It is one of
the world’s leading manufacturer of trucks, buses, construction equipment, drive
systems for marine and industrial applications [32]. Volvo Group Truck Tech-
nology (GTT) is the research and development organisation of Volvo Group,
with over 7000 employees working in global teams. This study was conducted
in collaboration with the Electrical & Electronics Engineering (E&EE) depart-
ment at Volvo GTT. The department uses the tool SystemWeaver as a sys-
tems engineering environment. Engineers in the department receive abstract,
implementation-independent requirements for each project from outside the de-
partment. These requirements are then broken down within the department
into smaller, detailed parts and, ultimately, into logical components. The re-
sulting component specifications are then handed over to in-house development
or used as a contracting document for external suppliers. In parallel to develop-
ment, the department’s testing and verification organisation starts to prepare
the verification activities independently of the source code. The overall product
specification is usually maintained and evolved throughout projects rather than
written from scratch. SystemWeaver is used for storing the specifications, de-
sign architectures and test specifications, and to establish tracing between these
artefacts.

4.2. SystemWeaver and its Architecture

SystemWeaver is an information management solution for systems engineer-
ing and software development [33], developed by Systemite AB5. SystemWeaver
allows users to build a single model, which encapsulates the system description
and provides different views on that model. Users cannot build anything that
is not explicitly allowed by the underlying meta model. In order to fit different
domains or company profiles, this meta model can be adapted.

The top part of Figure 2 represents the relevant part of the meta model
of SystemWeaver’s conceptual architecture used in this study. The meta model
consists of the concepts item, part, object and attribute. The item is the smallest
reusable object in SystemWeaver, e.g., a requirement or a component. The part
defines a connection between two items, practically a trace link. The attribute
is a typed value for an object. This value is unique for the object and cannot
be used or shared by other objects. Examples of attributes include identifiers,
names or descriptions.

The bottom part of Figure 2 outlines how testing and verification data are
stored, and how test and design architecture interact.

4.3. SystemWeaver at Volvo GTT

Volvo GTT has used SystemWeaver since 2007 as a platform for systems
engineering activities. Volvo GTT categorises data in SystemWeaver based on

5http://www.systemite.se/
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Reduced MM

Object

Item Part

Attribute

[0..*] part

[0..*] itemAttribute

[0..*] partAttribute

[1..1] defType

[0..1] refType

 Test Architecture

TestSuite

 Design Architecture

SystemComponent

Requirement

TestScope

TestSpecification

TestCase

[0..*] subSuites
[0..1] spec [0..*] testSpecs

[0..*] cases

[0..1] specItem

[0..*] specReq

[0..*] caseReq

[0..1] scope

[0..*] subSuites

Testing MM

Figure 2: Meta models of the conceptual architecture [34] and testing and verification

multiple architectural viewpoints, based on the EAST-ADL meta model [17].
These viewpoints are explained in the following sub-sections.

4.3.1. End-to-End Functions

An End-to-End (E2E) function is an artefact that specifies and represents an
end-user task, which transforms a user input into an output. An E2E function
includes requirements for this task. Each E2E function has a clear purpose, a
defined scope and involves at least one human actor.

4.3.2. Truck Application System

The Truck Application System represents the abstract design structure of
the system. It contains Logical Design Architecture (LDA) elements. The
functionality of LDAs is defined by so-called Logical Design Components (LDC).
An LDA contains the connections between the LDCs, as well as input and output
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ports for signals exchanged with other LDAs. In turn, an LDC may contain
items, e.g., local requirements or send/receive ports. For the sake of simplicity,
we call LDCs logical components in the remainder of this paper.

4.3.3. Installation System - Executable Software System

The installation system represents how each of the logical components is
allocated to hardware. This design consists of Real Allocation Targets (RATs),
which link the design to the physical world. More than one RAT may be allo-
cated to the same physical hardware. Logical components are, in turn, allocated
on RATs.

4.3.4. Collaborations

Collaborations are sets of logical components that are connected to each
other and interact in a specific way. The purpose of a collaboration is to provide
the connection between an E2E Function and the design in the end product.
The collaboration defines how logical components interact to realise an E2E
Function. The information in a collaboration is used as a primary information
source from an integration and verification point of view. When integrating and
verifying the system, the testing organisation uses the requirements found in
the collaboration to create the test cases.

5. Cycle I - Inception

5.1. Awareness of the problem

The awareness of the problem in the first cycle is directly derived from the
motivation and related work for this paper. Communicating requirements is
challenging [7], but highly important [9]. In particular, our own study revealed
several key communication problems related to the understanding of existing
requirements [8].

In discussions with the focus group of experts at the case company, these
problems were confirmed. As it was given special emphasis by the focus group,
we decided to specifically focus on the use case “UC1: An engineer is trying to
find experts for clarification of requirements or design”.

5.2. Suggestion

In order to address the problem described above, we decided to design our
artefact in the form of a support tool, LoCo CoCo. This tool aims to visualise
expert networks, reflecting the structure of existing systems engineering data at
the company.

To construct these networks automatically, we decided to extract data from
systems engineering tools at the case company. For the first cycle, we chose
SystemWeaver as a systems engineering tool, as it contains data covering a
large proportion of systems engineering activities at the case company. Thus,
we cover a large part of the roles in the studied department and reduce accidental
complexity introduced by multiple tools.
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While networks constructed by LoCo CoCo could be used for multiple pur-
poses, we decided to focus explicitly on UC1. In the evaluation step, we then
additionally explored the potential value of LoCo CoCo for additional use cases.

5.3. Development

To construct the first version of LoCo CoCo, we had to make three key
development decisions: the method of data extraction (how to obtain the data),
the network visualisation (how/where to draw the network) and the network
construction (how to construct a social network from the existing data).

SystemWeaver supports several different data extraction methods, i.e., an
XML-based reporting language, XML export and a C# API. At the same time,
SystemWeaver allows embedded visualisation of networks through an XML-
based reporting language. Therefore, using the XML-based reporting language
and the embedded visualisation allowed us to embed LoCo CoCo directly in
SystemWeaver, without the need for a third-party tool. As this would simplify
deployment and evaluation, and at the same time raise the acceptance at the case
company, we decided to use this combination of techniques for data extraction
and network visualisation.

For network construction, we identified two sources of social data in Sys-
temWeaver, a property in each item representing the owner of the item (owned
by) and another item property representing the last user that committed a
change to the item (last changed by). These attributes allowed us to connect
systems engineering items, such as requirements or software components, to
people.

However, the large amount of data in SystemWeaver at the case company
prohibited to simply use all existing items for the construction of social net-
works. Therefore, we had to find the right abstraction level to avoid networks
with a large amount of nodes and incomprehensible relationships, or trivial net-
works containing only single nodes. The focus group helped us to identify logical
components (see Section 4.3.2) as the central working part of the daily engineer-
ing work. Therefore, we chose these as the ’right’ abstraction level. That is, we
used people who owned or last changed logical components as the nodes in our
social networks.

To connect our nodes in the social network, we used connections between
logical components. These connections exist in two different ways at the case
company, implicitly and explicitly. Two logical components are implicitly con-
nected if they share the same signal, one component having it as an input signal
and the other one as an output signal. Explicit connections are expressed using
a trace link (a connector item with two parts in SystemWeaver). Figure 3 illus-
trates the difference between implicit and explicit connections in SystemWeaver.
LDC1 and LDC2 are explicitly connected via the local connector Z, whereas
LDC3 and LDC4 are implicitly connected by sharing the signal M (input to one
and output to the other).

To create a single network, we did not extract all logical components in
the entire case company database, but only logical components contained in
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ownedBy = “Alice”

ownedBy = “Alice” ownedBy = “Bob”

ownedBy = “Bob”

Figure 3: Example of implicit and explicit connections in SystemWeaver

selected viewpoints, e.g., the logical architecture. The production database of
the case company contains over 300 of such viewpoints. In turn, these contain
approximately 150 logical components, 300 functional requirements and over
4000 test cases. Traversing this amount of data and constructing the network
proved to be feasible and took less than one minute in all cases, even for the
largest viewpoint in the database. As an organisation structure is typically a
reflection of the product it is building (Conway’s Law [3]), we reasoned that
limiting the scope in this way would produce networks that are limited to one
organisation unit. Therefore, in contrast to a larger scope spanning multiple
organisation units, we expected that practitioners would be able to assess the
congruence of the resulting networks.

We created two networks for each main component, one network using the
owned by property and one network using the last changed by property. To
create edges between the network nodes, we used both implicit and explicit
connections. Duplicate edges and the direction of the edges were omitted in the
resulting network. This was a design decision to simplify the user interface for
evaluation.

As an abstract example of how the extraction works, consider the four log-
ical components LDC1 to LDC4 in Figure 3. Starting from the first logical
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component, LDC1, we would add the owner of that component, Alice, to the
social network. Then, we would iterate over all connectors of LDC1, returning a
connection to LDC2. Therefore, we would add the owner of LDC2, Bob, to the
social network and connect Alice to Bob. Continuing the iteration with LDC2
would not lead to any changes in the network. For LDC3, we would not add any
additional person to the social network, as Alice is already present. However,
we would add one more connection between Alice and Bob since LDC3 has a
connector to LDC4.

To illustrate the amount of data used in our approach, we selected one so-
called allocation component to construct a social network. This component
yielded a social network containing 33 people (i.e., nodes) and 100 edges (13 of
which were duplicate), and was constructed in less than a minute. Among the
people, we discovered 2 completely isolated people, two people that were only
connected to one another, i.e., that formed a sub graph of size 2, and two people
that only had a single connection to another person.

To assess the direct connections of a practitioner and limit complexity, we
created a script to extract sub-networks for a single person and all his/her direct
contacts.

5.4. Evaluation

For each interviewee, we created two networks each (based on the two dif-
ferent sources of social data) for the interviewee’s main area of work, and one
sub-network depicting people with direct connections to the interviewee. The
interviewees gave an average rating of 4 out of 10 for the congruence of the
networks based on the created by property and a 4.5 out of 10 rating for those
based on the last changed by property. One of the interviewees explained this
low rating by stating that “There are some nodes of people that have left the
company, and some for people that have moved inside the company and have
new positions that are not related to the context of the network”. To improve
the congruence of the networks, interviewees proposed a number of different data
sources. These ranged from data in different tools, such as the department’s is-
sue tracking tool, to different properties within SystemWeaver. In particular, a
manually created list of component ownership within SystemWeaver was named
by the interviewees. This list was adopted as a data source for the second cycle.
This discussion indicates that social data is secondary in systems engineering
tools, as there is initially no clear need for having the data. However, when
a need to use these parts of the data arises, workarounds such as the manual
owner list are created. Thus, establishing clear use cases could encourage to
keep social data up to date.

The usefulness of the resulting networks was rated as 2 out of 10 on aver-
age. Several interviewees stated that they already knew the network we showed
them and would, therefore, not need a tool. We relate this to the fact that
we constructed networks for a specific role and, thus, target people who are
co-located in the case company. This indicates that the value of constructing
social networks for communication purposes should increase once the network
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crosses organisation boundaries. Several interviewees requested more informa-
tion about the network, e.g., why a certain edge in the network existed.

Interviewees were not able to suggest possible use cases for LoCo CoCo.
However, when we provided them with UC1, they emphasised that LoCo CoCo
could be a suitable option to identify experts, especially for new employees.
Hence, junior employees might evaluate the usefulness of LoCo CoCo higher
than senior staff, who have already built up a network within the organisation.

6. Cycle II - Improvement

6.1. Awareness of the problem

From the first cycle, we realised that we had to enhance the congruence of
the data by using additional data sources. Furthermore, we learned that, to
increase the usefulness of social networks, they have to show connections across
organisation boundaries. In order for the networks to be clearer to the users, we
had to make additional information available, e.g., explanations for connections
between people. Finally, for evaluating networks, we needed to provide clear
use cases to the interviewees.

6.2. Suggestion

Our focus in the second cycle remained on UC1.
The source of social data was one of our main concerns. Therefore, we

had to improve the network congruence by using a third source of social data,
the manual owner list, which was raised by the interviewees. Additionally,
we aimed to extend the scope of LoCo CoCo by constructing networks that
depict relations across organisation boundaries. To make LoCo CoCo more
useful, we decided to add a way for users to select from which main component
(container) a network should be constructed, a purely manual task in the first
cycle. Finally, we added a layer of information behind the actual social network.
Providing such an information layer meant that we needed an interactive GUI.
This improvement would make it possible to provide additional information by
extracting sub-networks based on different criteria, e.g., a specific person or
component.

During the evaluation, we provided three use cases, in addition to UC1, and
asked participants whether or not they would use LoCo CoCo for these use
cases. Similar to UC1, we elicited these additional use cases with the focus
group during the first cycle, but ultimately did not use them as the primary use
case.

6.3. Development

In order to allow for an interactive approach, we had to abandon the Sys-
temWeaver graph library and change LoCo CoCo to a standalone application.
Therefore, we developed a C# standalone application, accessing the data in Sys-
temWeaver using the C# API. The API provides freedom to transform the sys-
tems engineering model into any format, use different sources to construct the
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data set and freely select the presentation format of the networks. Hence, our
standalone artefact can also be used to construct networks in XML format that
can be visualised directly in SystemWeaver.

For visualisation in the standalone artefact, we used the library GraphSharp [35].
Additionally to the functionality from the first cycle, we added multiple features
to LoCo CoCo, which we describe in the following section6.

6.3.1. Improved congruence and information

Each node in a LoCo CoCo network corresponds to an owner of at least one
logical component. In contrast to the first cycle, ownership was determined by
filtering the logical components according to their existence in the owner list.
In case a logical component was not referenced in the owner list, we used the
created by property as in the first cycle. This was the case in roughly half of all
components.

In order to better understand the created networks, we provided further
information, i.e., the source of the network (the container item), the number
of nodes and edges, and a legend for the different node types and colours. For
each node, we provided a list of all logical components owned by that person.
Additionally, we calculated edge weights as the number of connected logical
components owned by the vertices of an edge and provided it as a tool tip in
LoCo CoCo. Figure 4 shows an example of a created network in the standalone
artefact. On the left side, the tool provides information regarding the currently
selected source, the number of nodes and edges of the network, as well as a
legend of the different colour codes (black for owners of components, red for
creators of components, yellow for implementers). Options to change the layout
and to view sub-graphs are shown in the top of the tool.

6.3.2. Adding data from verification and implementation

To visualise people across the organisation structure, we decided to include
data from implementation and verification. While verification and implementa-
tion items are included in SystemWeaver, traces between logical components and
verification items (e.g., test cases) are unidirectional from verification items to
logical components. Therefore, to add edges from owners of a logical component
to owners of verification items, we had to traverse the entire verification model.
As the very large data set made this computation a very time consuming task,
we decided to only implement this feature for a subset of the components. In
the future, we plan to improve the performance by extracting the entire model
once and storing the trace links as bidirectional links.

Similar to verification, implementation items for in-house software are con-
tained in SystemWeaver. However, at the case company, a different database is
used for all implementation items (“implementation database”). This database
is not connected to the database used for verification and analysis items (“anal-
ysis database”). The only connection between the two databases are links on

6We implemented a total of six new features, but only present three here for sake of brevity.
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Figure 4: Example of a network created in LoCo CoCo.

the requirements level in the implementation database, carrying identifiers of
the items in the analysis database. Figure 5 outlines how LoCo CoCo uses
these links to find connections between people in both databases. First, LoCo
CoCo constructs the network from the analysis database as in Cycle I. Then, it
searches all the requirements in the implementation database which have links
to the analysis database. Whenever such a link is found, the owner of the
implementation unit containing the linked requirement in the implementation
database is connected to the owner of the logical component containing the
respective requirement in the analysis database. To lower the execution time,
we also introduced a hard-coded link between the main components in both
databases.

6.3.3. Creating networks based on user-selected contexts

In the first cycle, we manually chose main components to construct sev-
eral social networks. To automate this process and make it adaptable to a
user-specific context, we added a feature that allows users to select a main com-
ponent as a root node for data extraction. The resulting network is then only
constructed using logical components contained in this component.

18



Figure 5: Adding implementation engineers in LoCo CoCo

6.4. Evaluation

We evaluated the usefulness and the congruence of LoCo CoCo in general
and of the newly implemented features. Additionally, we asked practitioners
about limitations of, and possible add-ons for, LoCo CoCo.

6.4.1. Usefulness of LoCo CoCo

The survey data show that LoCo CoCo is considered to be useful by most
of the participants, as depicted in the box plot in Figure 6. Nine out of twelve
participants find the approach useful or somewhat useful.
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Figure 6: LoCo CoCo usefulness (0 = not useful, 10 = very useful)
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All twelve participants state that they would use LoCo CoCo for at least
one of the proposed use cases. Out of those, eight participants stated that
they would use the approach for more than one proposed use case. While UC1
received the highest rating (eight participants), the remaining use cases received
similar ratings. Both “Finding out who will be affected by a committed change”
and “Gathering the required persons for a meeting set-up” were selected by 7
participants and “Finding the persons with most context knowledge” by 6 out
of 12.

With respect to the usefulness of LoCo CoCo, the interview data were aligned
with the survey data. All six interviewees felt that LoCo CoCo is useful and
that there are multiple use cases it can be used for. In contrast to the first cycle,
several new use cases were provided. Two of the interviewees stated that LoCo
CoCo provides an easy way to get instant feedback of the complexity of differ-
ent components. This information is often known according to the interviewees,
but visualising it from a social perspective provides additional knowledge. In
addition, the interviewees felt that LoCo CoCo could provide a good way to
visualise vulnerability of communication, due to isolated nodes in the generated
graphs. These nodes could reveal a potential lack of communication, a lack of
connectivity in the architecture or both. These two suggestions are of different
nature, as the first provides context knowledge (i.e., complexity of a compo-
nent) and the second provides an overview (i.e., isolated nodes in the overall
communication).

The overall usefulness assessment by practitioners in the second cycle is,
therefore, considerably more positive than in the first cycle, indicating that the
improved congruence did indeed raise the acceptance. Additionally, interviewees
showed more interest in the networks as in the first cycle. This could either be
due to the increased usefulness and congruence, or due to the fact that the tool
allowed interaction.

6.4.2. Limitations of LoCo CoCo

Similar to the first cycle, congruence was still mentioned as a limitation, even
though the usefulness was evaluated much higher. Seven participants stated that
the ownership data were not up to date in SystemWeaver, which led to false
information in the generated networks. One interviewee stated that “Due to
the nature of our work, items are reused rather than recreated, which makes the
creator attribute easily outdated when the person leaves the company or switches
role for instance”. In our opinion, this defeats the purpose of having these
properties associated to the items in the first place. However, the interviewee
revealed that the reason for the ownership data to be outdated, even in the
owner list, is often that “it is considered as a low priority to update these data
compared to other core business tasks”. This low priority stems from the fact
that the data are currently not used for any purpose. Introducing LoCo CoCo
or a similar approach that makes use of the data and provides a benefit to the
engineers, we believe that they could be triggered to update the ownership data.
This was also confirmed by several interviewees. Additionally, easy changes in
SystemWeaver, such as logging all changes to an item and updating the last
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changed field automatically, could make the networks highly congruent, without
any manual effort from the user side.

According to two survey participants, another limitation of LoCo CoCo is
that it is developed standalone. The participants felt that it should be integrated
into SystemWeaver. While the decision to have a standalone artefact resulted
from restrictions in SystemWeaver, we believe that our close collaboration with
the vendor could make an integration possible in the future. However, this is
clearly not the case if multiple tools were integrated as data sources into LoCo
CoCo. Hence, the decision to move to a standalone application was not in all
cases seen positively.

Three participants felt that they had more knowledge of whom to contact
than what was offered by LoCo CoCo. Hence, they felt that it is easier and less
time consuming to contact the persons directly. This might be due to the expe-
rience of the participants, having worked for a long time in their departments.
Therefore, LoCo CoCo could still help engineers newly recruited or switching
roles. Additionally, we think that experienced engineers could still benefit if
more cross-organisation data were added to LoCo CoCo.

6.4.3. Evaluation of Features

Additionally to the general evaluation of LoCo CoCo, we evaluated the fea-
tures we added in the second cycle. These are:

• One main feature: creating a network based on a specific content.

• Two context-broadening features: adding implementation and verification
engineers.

For all features, we asked for usefulness and congruence. Figure 7 shows box
plots for the usefulness and the congruence of each of the three features. The
answers are on a scale from one to ten, where ten is very useful/congruent and
one is not useful/congruent at all. The medians of the features are similar for
both usefulness and congruence. However, no feature scored a mean rating lower
than five, which we believe indicates the potential of the features’ usefulness and
congruence. Interestingly, all box plots but one have a bandwidth covering the
entire scale. We believe that this could be related to the congruence of sub-
networks: While the overall network could be highly congruent in some parts,
leading to a high evaluation of congruence if the evaluator knows that area,
other parts of the network might have low congruence.

As Figure 7 indicates, there is a strong correlation between the usefulness
and congruence answers for all features. These are listed in Table 2.

While these correlations could be interpreted in several different ways, based
on the interviews and some of the free-text comments in the survey, we think
the following explanation is most likely: Participants are less critical towards
the congruence of a feature if they value the usefulness of it. Additionally,
participants who initially observe a low congruence, e.g., by identifying missing
links between themselves and other engineers, tend to rate the usefulness lower.
While this correlation indicates that not all usefulness and congruence answers
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Figure 7: Average usefulness and congruence of different features

Table 2: Correlations between Usefulness and Congruence for LoCo CoCo Features

Feature Spearman’s ρ
Component in a Context 0.7089*
Adding Implementation 0.8434**
Adding Verification 0.9214**
*p<0.01, **p<0.001

are in fact appropriate, they support the observation that the congruence is
highly affecting the usefulness of LoCo CoCo.

6.4.4. Enhancement of LoCo CoCo

To make the approach more useful, survey participants suggested a number
of enhancements and features to implement. Six participants suggested using a
more reliable source of social data. One participant suggested to use a different
approach for finding the owner of a specific component, by assigning the custody
to the person that made the highest numbers of changes to it. As these data
is currently not available, this enhancement would depend on a decision by the
case company or tool provider. However, it is valuable feedback for using LoCo
CoCo with other tools than SystemWeaver.

Four interviewees suggested to complement the provided social data with
other sources, e.g., the human resource system, to provide more in-detail in-
formation about the persons who are included in the graphs. Furthermore,
participants felt that the networks’ data should be verified against the data
from these additional sources. However, accessing data from human resources
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and accumulating data from multiple systems in general could be prevented by
policies or even laws, and might raise ethical issues.

Apart from the interviews, we also demonstrated the results to a researcher.
Regarding more general feedback, he raised that the visualisation would need im-
provement. For example, he named the use of street-light colours as a drawback,
as they have an implicit semantics to many people (e.g., red being negative).

7. Cycle III - Generalisation

7.1. Awareness of the problem

The second cycle showed that the congruence and usefulness of the networks
were considered sufficient, despite the fact that social data are not a primary
concern. Therefore, an important question at this point in time is if LoCo
CoCo can be extended to use data from systems engineering tools different
from SystemWeaver. Additionally, the previous cycle raised ethical concerns
and drawbacks with the existing design approach.

7.2. Suggestion

During the third cycle, we decided to focus on the generalisation of LoCo
CoCo. First, we decided to incorporate data from additional systems engineer-
ing tools, thus, leaving the pure SystemWeaver environment behind. To do so,
we decided to construct a common meta model for social networks extracted
from different tools, considering different ways of data extraction, data persis-
tence and the availability of social data in other tools. We would then evaluate
this meta model by extracting data from one additional tool and integrate them
into our social networks. Secondly, we aimed to improve the network visualisa-
tion, following established guidelines from the usability community. We focused
on those parts of our artefact that were raised as problematic by a peer. These
included the layout, symbols and their colour coding, and the presentation of
information in different sub-graphs. Finally, we decided to further investigate
ethical implications of visualising social networks, in particular when combining
data from several tools. This investigation was performed during the evaluation
phase only, as we decided to collect qualitative data in the form of interviews.

7.3. Development

We started the third cycle by building a common meta model for our social
networks, the LoCo CoCo meta model. This model is depicted in Figure 8.
Nodes represent all the items imported from different sources, e.g., logical com-
ponents. DataSets are the source of the data, e.g., a SystemWeaver database.
The MainNodes represent the nodes on which the social networks will be built,
i.e., the containers. Attributes describe arbitrary attributes and properties of
a node, e.g., identifiers or creation dates. Persons are the actual people in the
network, related to Nodes in the network. DataSetConnections represent how
different DataSets are related to each other, e.g., describing the hard-coded
links between issues and logical components. Each connection consists of two
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Figure 8: LoCo CoCo meta-model

DataSets and is identified via two attributes, one from each DataSet to be con-
nected. Finally, the Node’s target and source relations describe connections
between nodes within one DataSet.

As the issue tracking tool IBM Clear Quest7 was in widespread use at the
case company, we decided to use for evaluating the meta model. It contains
information about people who create or are assigned issues and is furthermore
linked to SystemWeaver, as items with a special attribute referring to Clear
Quest issues are created manually in SystemWeaver. Furthermore, Clear Quest
allows file export. Therefore, it is suited for integration in LoCo CoCo. After ex-
tracting data from both SystemWeaver and Clear Quest, we transformed them
into the LoCo CoCo meta model. We created two model transformations and
implemented them in a C# application, one for each tool. In the SystemWeaver
case, we transformed logical components and issues (manually created refer-
ences to Clear Quest issues) into nodes of LoCo CoCo. Figure 9 exemplifies
this transformation. Similarly, we transformed both the implicit and explicit
connections of the logical components into LoCo CoCo node connections.

We transformed each issue in Clear Quest into a node in LoCo CoCo and
the social data into persons. Issue IDs were added as attributes to the nodes.
We configured the DataSetConnection based on the manual connections from
SystemWeaver to Clear Quest. With that, we could feed the data into LoCo
CoCo for visualisation.

To improve visualisation, we created a conceptual design for LoCo CoCo. As
our focus was purely on obtaining feedback, we did not implement the design
in this cycle.

To make use of the available horizontal space of modern displays, we dedicate
the left side of the screen to the graph, while showing overview data on the
right side. The eye movement follows a top-to-bottom and left-to-right path
throughout the interface [36], at least in Western cultures. Therefore, our design

7http://www-03.ibm.com/software/products/en/clearquest

24



Figure 9: SystemWeaver logical component to LoCo CoCo model transformation

displays the graph on the left side, followed by the tab selectors, a search box
and a list from top to bottom. Each tab contains a search box and a list view
for items. In order to strengthen the mental connection [36], we use symbols to
distinguish between persons and items. A simplified human silhouette represents
person nodes and the puzzle piece represents item notes.

Figure 10 shows the initial visualisation view. Each person in this view is
represented by a name tag, which contains a colour-coded tag to indicate the
data source, followed by the person’s name and a “puzzle” button to show a
list of items owned by this person. We colour-code only the top three sources
and group the rest in a single ”Other sources” category. The colour palette
was selected from low-saturation, high level (luminance) colours, as these are
neutral and do not draw unwanted attention as much as highly-saturated colours
[36]. The hues (blue, purple, orange and cyan) are widely separated in the colour
space, making it easy to visually distinguish the data source for each person [37].

Figure 11 depicts the sub-graph of a connection between two persons. The
user reaches this view by clicking on a connecting line between two nodes. Be-
cause this view contains a different type of data, i.e., items instead of people,
we chose to hide the original graph and display this view on a solid background.
The persons sharing these items are highlighted in the list.
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Figure 10: LoCo CoCo overview graph with a person’s list of owned items

7.4. Evaluation

Our goal in the evaluation phase was to assess the feasibility and limitations
of the tool integration and the LoCo CoCo meta model, compare the visual-
isation concept with the old design, and discuss ethical implications of LoCo
CoCo.

We split the evaluation into two parts. First, we evaluated analytically our
integration model by creating social networks from two data sources. That is,
we created a social network based on the extracted data from SystemWeaver
and Clear Quest, and compared it to a network that we created manually. The
network was created by the first author of this paper, who had approximately
10 months of experience with the used tools and the case company. We were
able to construct the transformation from the original tool data to LoCo CoCo
models. We then manually created a social network for one of the main systems
engineering components, using the same construction approach as the tool, and
compared it to the automatically created network. This yielded a perfect match.

As a second evaluation part, we conducted interviews with five practitioners,
all of which had previous knowledge about LoCo CoCo. Each interview lasted
one hour, starting with a presentation of the visualisation concept, followed by
three sets of questions. The first set of questions was related to the use of differ-
ent systems engineering tools and the feasibility of transforming data from these
tools into a LoCo CoCo model. Furthermore, we asked questions regarding the
quality of the LoCo CoCo meta model and possible ways to improve it. We then
proceeded to assess the visualisation concept, both by asking general questions
and comparative questions with respect to the old design. Each interview was
concluded with ethical questions, e.g., how the tool could be misused or how
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Figure 11: LoCo CoCo sub-graph based on a connection between two persons

interviewees feel when they see themselves as isolated or connected nodes in the
network.

Four interviewees agreed that tools they use on a daily basis could be in-
tegrated into LoCo CoCo by using the proposed meta model. One interviewee
stated that the main challenge would be that the tools rely ”heavily on the pro-
cess and not paying attention to the potential and power of the persons”. That
is, person-related data, such as who changes or owns items in the tools, are not
considered important. This aligns with the finding from the first two cycles,
that social data are secondary and can, therefore, be outdated.

One of the interviewees mentioned that there have been projects to integrate
tools, but synchronising data was always a problem. Therefore, we think that
it is important that LoCo CoCo should continue to only read existing data,
without modifying them.

All five interviewees preferred the proposed design to the previous one, espe-
cially the colour coding. Other feedback we obtained was that the new design
looked much “cleaner” and “more professional”.

According to our observation, the ethical questions caught the interviewees’
attention most. All interviewees agreed that the tool might be misused by
different types of users. They proposed the following misuse cases for LoCo
CoCo:

• Managers can use the application to judge the performance of their em-
ployees. Data taken directly from a systems engineering tool might suggest
that one person works more than another, even if this is not the case.

• Employees may pick items that make them appear as central nodes in the
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networks, as a consequence to the previous scenario. This phenomenon
could be related to the concept of ”Evaluation Apprehension” [30], i.e.,
that persons react according to the way they are evaluated.

• The tool might be used to blame others, e.g., to blame an owner of a
component for the delay of a task.

• The tool might be used to misinterpret how important a person is, e.g., if
one person is connected to a manager and another person is not.

All five interviewees had no problem of seeing themselves as a part of a social
network. However, when asked specifically how they would feel if they were
isolated in such a network, two of them stated that it might be discouraging.
Being heavily connected was considered good for three interviewees, while the
remaining two stated that they might feel nervous about it.

All five interviewees felt that there is no problem of having their information
appear in LoCo CoCo ”as long as it is internal”, especially as the information
already exists in other tools.

8. Discussion

In the following, we discuss the answers to our four research questions and
relate them to existing work.

Regarding RQ1, To what extent can social networks be constructed auto-
matically from model-based systems engineering data?, our results indicate that
this is indeed technically possible. To construct any such network, LoCo CoCo
requires existing model-based systems engineering data, i.e., structured data
with typed items and relationships among them. In particular, our evaluation
indicates that data spanning multiple organisation units would be required to
make the approach useful. This means that a tool containing test cases linked
to requirements in another tool would already be sufficient. We would expect
that such data exist in any project or organisation context large enough so that
communication problems arise. Therefore, the amount of data available should
not be a restricting factor. One exception might be teams working in an agile
fashion, as they strive to reduce documentation as much as possible. However,
related work on large-scale agile, e.g., [38, 39], indicates that given sufficient
scale and complexity, there is still a need for documentation on system level.
The exact data items and relationships that are to be used for creating networks
have to be tailored to organisations depending on their way of working. For ex-
ample, while some organisations might make heavy use of tracing between tests
and requirements, in other organisations this kind of tracing could be missing.

LoCo CoCo relies exclusively on existing systems engineering data as the
ground truth, in contrast to other approaches that either analyse actual commu-
nication [14, 13, 15] or manual recommendations [21, 22]. This means that data
can be missing, e.g., not assigning a creator to an item; faulty, e.g., assigning the
wrong person as a creator of an item; or contradicting, e.g., having two different
creators for the same item in two different tools. In particular, social data are
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often not a primary concern in systems engineering tools and, therefore, their
quality can be low. However, our evaluation indicates that the data are good
enough to render the networks useful for finding experts. While related ap-
proaches such as Codebook circumvent some of these issues, e.g., by analysing
actual communication on an item, they suffer from similar limitations, as they
use techniques such as natural language processing that can produce false pos-
itives. Furthermore, LoCo CoCo is intentionally designed to use data that are
potentially incorrect, as any user of LoCo CoCo is presented with a network mir-
roring the data contained in systems engineering tools he/she uses. This means
that, while low-quality data can cause networks that do not represent the ac-
tual or desirable communication channels, the visualisation can aid engineers to
identify erroneous data in the systems engineering tool.

In our studied case, the extraction of relevant data and construction of any
network took less than one minute. This means that social networks can be
created on demand by practitioners in a much more efficient fashion than manual
creation would allow.

Regarding RQ2, How do practitioners evaluate the potential of these net-
works to tackle known communication challenges in systems engineering?, prac-
titioners indicated that it could be useful to tackle existing communication chal-
lenges, despite the low data quality. This indicates that the data quality is not
the most important concern. Instead, we observe from the substantial improve-
ment in the usefulness evaluation from the first to the second cycle that the
concrete items and relationships that are used are of importance, but depend to
a large extent on the organisation structure and an organisation’s way of using
different tools. Regarding the use of LoCo CoCo, we observe that practition-
ers have difficulties coming up with clear, precise use cases for social networks.
Therefore, concrete use cases need to be provided when deploying LoCo CoCo
or similar approaches in an organisation. This finding is in contrast to Code-
book [15], which was built based on use cases provided in a developer survey.
Possibly, this can be attributed to the fact that Codebook is rather focused on
artefacts close to source code, which could be easier to grasp for many software
engineers. Finally, networks that show connections between people across or-
ganisation boundaries are more useful, as practitioners are in many cases already
aware of the network within their own group or department.

Our findings are not easily comparable to related publications, as those typ-
ically target different use cases, such as stakeholder identification for elicitation
[21, 22], or focus on source code and developers [15, 16]. Similar to the findings in
[21, 22], engineers clearly see the usefulness and could imagine using LoCo CoCo
in practice. In contrast to [15, 16], we so far only conducted a static validation,
without actually deploying LoCo CoCo in a complete project or organisation.
Therefore, we could not collect any actual usage data from engineers. This is
attributed to the fact that we conducted this study in an embedded systems con-
text, where the development of new products can take 10 years or more. In this
context, requirements and other artefacts that are implementation-independent
evolve slowly. Hence, the actual usefulness of LoCo CoCo in practice can only
be measured in a longitudinal study, which is left for future work. Instead, we
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provide more in-depth insights from the feedback obtained during the evalua-
tion.

While our interviewees had difficulties to provide additional use cases, we
were able to gather a few in the second design science cycle, thus answering RQ3,
For which additional use cases would practitioners like to use LoCo CoCo?. We
identified two classes of use cases, namely those cases in which a user requires
detailed information and those in which a user requires an overview. The former
class of use cases aims at understanding the context of a particular part of the
system, e.g., understanding the complexity of a component. The latter class
aims at organisation issues, e.g., understanding where communication break-
downs might occur. This latter class is related to the findings in [16], where
interviewees stated that it would be useful to see the current project activity
based on code changes. Interestingly, in Begel et al.’s developer survey [15], no
use case to provide an overview of the current situation, i.e., the latter class of
use cases, can be found.

The final research question RQ4, To what extent can LoCo CoCo be used with
different tools and organisational contexts?, can be answered as follows. So far,
we implemented LoCo CoCo mainly for a single tool. However, we additionally
provide a meta model for generalising the approach to other tools, evaluating
this meta model with an additional tool. The results from this evaluation indi-
cate that LoCo CoCo could be extended to a wide variety of tools. To lower the
implementation effort, it would be preferable to implement adapters to existing
tool interoperability standards like OSLC [40]. In this way, multiple tools could
be connected to LoCo CoCo using a single implementation.

Technical concerns aside, it has to be noted that a certain amount of data
is required for LoCo CoCo to be useful, as discussed for RQ1. We expect that
in most cases where communication challenges occur, this amount of data is
present. However, this needs to be verified in future work, especially with agile
processes that focus on little documentation.

9. Conclusions and Implications

In this paper, we presented LoCo CoCo, the Low-Cost Communication and
Coordination approach. In order to serve as a support tool for finding experts,
LoCo CoCo constructs networks of people in an organisation using systems
engineering data.

We constructed LoCo CoCo in a three-cycle design science study, evaluating
it with a total of 15 interviews and 12 survey answers. Our results indicate that
it is indeed possible to create social networks from existing systems engineering
data. While social data are often not a primary concern, which can limit the
quality of these data, our evaluation indicates that the data are good enough to
render the networks useful for finding experts.

Our evaluation points to several key points to make LoCo CoCo or similar
approaches successful in a company. First, practitioners seem to have difficulties
coming up with clear, precise use cases for social networks. Therefore, even if
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they have an abstract idea of the purpose of such an approach, concrete use
cases need to be provided when deploying LoCo CoCo in an organisation. Sec-
ondly, networks that show connections between people that cross organisation
boundaries are most useful, as practitioners are in many cases already aware of
the network within their own group or department. Thirdly, explanations for
edges between people need to be provided, e.g., the requirements that connect
two persons. Finally, the concrete data to use are company-specific, as they
depend on the company’s processes.

To make LoCo CoCo applicable in a wide range of organisations, we con-
structed a tool-independent meta model for social networks. We then evaluated
this meta model by incorporating data from two different systems engineering
tools. While this attempt was successful, it should be evaluated with additional
tools and in different organisations.

Finally, a number of ethical issues came up during our study. Importantly,
these issues came up even though we only used data that were already existing
and accessible at the case company. Clearly, this point needs to be studied in
further detail in the future. One concrete solution to lower ethical concerns
would be to implement LoCo CoCo as a query system, without visualising the
entire network. However, this would also lower the usefulness of LoCo CoCo.

We are currently implementing the conceptual design as a customised version
of Gephi8, which will be released as open source.
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Appendix A. Data Collection Instruments

Appendix A.1. Interview Guide Cycle I

1. How do you rate the accuracy of LoCo CoCo based on the supplied net-
works? (Likert, 1 to 10)

2. What data should we add in order to improve the accuracy? (Free text)

3. How useful do you think this approach is for finding experts for clarifica-
tions? (Likert, 1 to 10)

4. Are there any additional use cases you could see for LoCo CoCo? (Free
text)
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Appendix A.2. Interview Guide Cycle II
The interviews in the second cycle were unstructured and loosely followed

the interview guide from the first cycle.

Appendix A.3. Survey Cycle II
1. In which department do you work? (Free text)
2. What is your role in the department? (Free text)
3. How long have you worked for the company? (< 6 months, 6 months to 2

years, 2 years to 4 years, > 4 years)
4. How long have you worked for the department? (< 6 months, 6 months

to 2 years, 2 years to 4 years, > 4 years)
5. How often do you use SystemWeaver? (daily, weekly, monthly, no active

use, never)
6. How useful is this approach of building social networks as a whole? (Likert,

1 to 10)
7. I would use this kind of approach to (multiple possible): Find the right

person to talk to, Find persons with most context knowledge in a given
context, Gather the required persons for a meeting setup, Find out who
will be affected by a change, Other (Free text)

8. What limitations does this approach have? (Free text)
9. What additional features may make the approach more useful? (Free text)

10. For each of six implemented sub features:
(a) How accurate are the networks (for the sub feature)? (Likert, 1 to

10)
(b) How useful are the networks (for the sub feature)? (Likert, 1 to 10)
(c) What are the limitations of the sub feature? (Free text)
(d) What possible (additional) use cases does this sub feature offer for

your work? (Free text)

Appendix A.4. Interview Guide Cycle III
1. What tools do you usually use at work?

(a) Do these tools hold social data?
(b) Are these tools connected (Do they reference each other)?
(c) Are the tools models transformable to the presented integration model?
(d) If no, why not and is it possible to alter the model so that the trans-

formation becomes possible?
2. What is your general impression on this generalisation model and how can

we improve it?
3. How do you find this compared to the old visualisation with regards to

your use cases?
4. By looking at the colours and shapes of the persons nodes, do you feel

that some people are more important than other?
5. In your opinion, how can this tool be misused?
6. How do you feel to be a part of a network?

(a) How do you feel if your node is isolated?
(b) How do you feel if your node is heavily connected?
(c) Do you feel OK for your information to appear in the application

(your picture included)?
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