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Abstract. The more members a team has, the more information needs
to be shared with single team members or within the whole team. Suf-
ficient information sharing is difficult to ensure, since a project leader
will not be fully aware of all on-going information and communication
within the team. In software engineering, information flow is essential
for project success. In each part of the process, information like require-
ments or design decisions needs to be communicated with appropriate
persons. Neither missing nor wrong implemented requirements are de-
sirable, since extra working hours or incomplete working results need to
be paid. Therefore, the right amount of information sharing is highly
desirable. To ensure this, communication is a mandatory requisite. Fur-
thermore, knowing about social conflicts is suitable, since these influence
the information flow.

In an experiment with 34 student software projects, we collected data
referring to internal team communication and mood. In these projects,
we could show a correlation between chosen communication channels,
social conflicts and mood. Since social conflicts foster an insufficient in-
formation flow, knowing about these helps software developing teams to
reach higher quality and a higher customer satisfaction.

1 Introduction

Ensuring the right amount of information sharing with all involved persons is
often difficult. Some information only needs to be communicated with a few team
members, while other information needs to be shared within the whole team.
In software engineering, the impact of ”appropriate” communication on pro-
ject success has been discussed frequently (e.g. [28][23]). Both, the communi-
cation with the customer and the inner team communication require special
attention to provide high quality project results with well performing function-
alities [16]. Communication is important for working in groups. Furthermore,



motivated by the importance of information sharing within the project team,
communication has been proven to be a determinant of project success [19].

In software developing teams, wrong or insufficiently transmitted require-
ments often cause wrong or not implemented parts of the software [27]. There-
fore, insufficient communication can threaten project success. Otherwise, ade-
quate communication can foster project success. Hence, a good working com-
munication is desirable for all project members: The developer team that does
not want to spend time on implementing unnecessary program code, the project
leader who wants to complete the tasks, and lastly the customer who wants a
successful project. But not only requirements need to be shared within the team.
Also design decisions, customized standards, reports about bugs and many other
information need to be transported to the relevant persons.

As Stapel [30] pointed out, not only the intensity of communication, but also
the chosen communication channel is important for transmitting the desired in-
formation. In the ”Modes of Communication”, Cockburn [5] rated different kind
of communication channels by their effectiveness and richness. Among other
characteristics like synchronicity, the perceptions addressed by the media chan-
nels are one factor for the grading. For example, meetings with face to face
communication — in physical support with a white board — are the most effective
way to communicate [1][5]. As teams often do not have the opportunity to meet
regularly and since meetings often do not suffice for conveying the entire infor-
mation at hand, other ways of information sharing need to be used. In practice,
common alternatives are services like email, video chat, telephone or group and
single chat.

Schneider et al. [26] developed an approach to combine communication chan-
nels and the intensity. They used FLOW distance, which is defined to be a mea-
sure for the collaboration in teams.

In this contribution, we want to motivate the usage of FLOW distance by achiev-
ing a relationship between FLOW distance, and hence communication behavior,
mood and social conflicts in software developing teams.

Along with the findings of Watson et al. [35], mood can be described using
positive and negative affect. While persons in a state of high negative affect
feel anger, disgust and fear, persons in a state of high positive affect feel active,
enthusiastic and alert [35]. The affects of persons working in groups converge
over time, meaning that the mood of all team members assimilate [6][32]. This
assimilation influences team performance as well as important process variables:
For example, Barsade [3] was able to prove that positive group mood is associated
with better performance and less conflicts.

This paper concentrates on the positive affect dimension, as we assume that
positive group mood facilitates action (cf. [21]) and will thus be beneficial, es-
pecially at the beginning of the project.

We are able to show that summarizing the chosen communication channels
and the communication intensity using FLOW distance has a relation to social



conflicts and mood. The FLOW distance between two members measures the
indirections and barriers hampering the information flow when they communi-
cate. Given by the intuitive comprehension of distance, FLOW distance increases
with a decreasing collaboration and with the usage of non-direct communication
channels and vice versa.

In an experimental study on 34 student software projects, we show a correla-
tion between FLOW distance, social conflicts and mood at certain stages of the
project. Therefore, an increasing FLOW distance can be seen as indication for
difficulties within the team. Therefore, observing FLOW distance may be helpful
for the project leader. It helps assuming problems within the developing team
and working against lack of information sharing. In the case of a well-working
communication, the project leader finds out that there is no reason to modify or
adjust the used media channels.

The structure of this article is as follows: In the following section 2, we give
an overview of related work in similar topics. In section 3, we motivate and give
the definition of FLOW distance with its properties and the way of calculation.
Afterwards, we validate our approach in section 4, followed by section 5, in which
we discuss the results. Section 6 summarizes our work.

2 Related Work

The relationship between communication intensity, communication channels and
project success has been studied for a long time in software engineering. This
chapter gives an overview about already existing approaches in certain topics
which are related to this paper: The combination of social network analysis with
the FLOW method to analyze information flows and the distance, i.e. collabora-
tion, within the team referring to the communication intensity of a co-located
working software developing team.

The idea of combining social network analysis and communication intensities is
not entirely new. In the context of the collaboration within a team, Damian et al.
[8] studied the awareness among team members in global software development
teams using methods of social network analysis. They found a positive correlation
between communication and awareness within so-called requirements-centered
social network analysis.

Additional work often refers to team communication centralization that in-
dicates the degree to which communication is focused on a subset of participants
or even a single person. High centralization can be considered as an indication of
unequal communication participation (for other network measures of participa-
tion, such as Maverick score, see [24]). Centralization of communication compiles
structural and quantitative elements (weights) into an indicative number. It is
a widely-used metric in social network analysis.

Sauer et al. [25] applied social network analysis to team interaction. They
investigated the calculation of centralization for various kinds of small group



interactions. After having conceptualized group discussions as networks, they
were able to present a metric calculating a centralization for these networks
using extensions of Freeman’s metrics for centrality measures [11]. In the end,
they examine the relationship between team performance and centralization of
the interactions during the meeting.

In software engineering, Wolf et al. [38] also applied social network analysis
to team communication structures. They wanted to indicate the importance of
developer communication for software integrations. In order to reach this aim,
they used well-elaborated measures like density and centrality in general as met-
rics.

The FLOW method serves for visualizing and analyzing information flows in
project teams. It was introduced and presented by Stapel et al. [31]. The general
structure of communication within the team is extended about the state of in-
formation flow: Solid information summarize all information that is repeatable,
long term accessible and comprehensible for third parties, whereas fluid infor-
mation is everything which is not solid.

Although most research concerning the distance in teams refer to distributed
software developing teams, there are some approaches that are comparable to
our approach, which focuses on co-located teams.

Bjarnason [4] identified different variants of distance in software engineering
literature. She stated that distance plays an important role in both, distributed
and co-located software development. In her systematic literature review, she
found eight different distances between people, i.e. within the team, also includ-
ing the geographical distance. In the context of this contribution, Bjarnason’s
results concerning the socio-cultural distance including among other things or-
ganizational and national culture, language and individual motivations, opinion
distance and organizational distance are important. The most important results
are those related to the psychological distance. Prikladnicki [24] has denoted
psychological distance as a ”measure of the perceived psychological (subjective)
effort of an actor to communicate with another actor” [4].

There have already been various researches relating to FLOW distance. Schnei-
der et al. [26] presented a first approach of defining and using FLOW distance.
The authors evolved the idea of a ”perceived distance” generated by the com-
munication intensity and a certain weighting of the used communication media.
Schneider et al. considered FLOW distance as ”the number of weighted indi-
rections between source and target of an information flow” [28]. In the present
contribution, we will refine the definition and motivate this approach by pointing
out a relation between FLOW distance, social conflicts and mood.



3 FLOW distance

FLOW distance is a metric combining communication intensity and used media.
Exploring the information flow within a project, FLOW distance simplifies the
detection of the wrong amount of communication and therefore indicates prob-
lems in information sharing. Considering the FLOW distance enables strategic
changes in the way of communication (for example by adding an obligatory
meeting each week) and hence a better flow of relevant information.

In this contribution, we want to elaborate the already existing definition of
FLOW distance (cf. [28][26]) restricted to a static network of a single software
developing team consisting of three to five co-located working members. We
want the measure to consider the used media and the subjective communication
intensity between two persons within these teams. FLOW distance can also be
used to analyze the structure of a team using social network analysis.

The requests and restrictions can be summarized as follows:

— FLOW distance should consider the communication intensities and the used
media.

— It shall increase with a decreasing collaboration and vice versa.

— It has to be practicable, i.e. it needs to be easy to calculate and the input
data need to be collectable with low effort.

— For later research, it needs to be extendable towards bigger software devel-
oping teams and to FLOW models®.

Fulfilling these requests yields to a few more definitions and analyses before giv-
ing the definition of FLOW distance.

1. Creating a mathematical model of FLOW distance which allows a precise
and well-founded definition.

2. Weighting the used media with respect to their effectiveness and richness.
This needs to be done at least for the common used communication channels
"meetings (F2F)”, ”video chats”, ”chats”, "emails” and ”phone calls”.

3. Defining and calculating the communication intensity only using easily col-
lectable data.

4. Giving the definition of FLOW distance and using it for calculation.

These steps will be executed in the course of this chapter.

3.1 Mathematical View

We consider FLOW distance as a mapping d: Ax A — [0, 1], where A denotes the
set of all team members and [0,1] is the unit interval*. We understand FLOW

3 This extension will not be part of this contribution.
4 The restriction of the image of d to the unit interval helps comparing the FLOW
distances of different teams.



distance as a metric from a mathematical point of view, i.e. it is (i) positive

definite, (ii) symmetric and (iii) the triangle-inequality holds:

(i) positive definite: The measure is always greater than or equal to zero. It

vanishes if and only if the two persons are the same, i.e. d(i,7) = 0 and
d(i,j) # 0Vi # j.
This is useful, since there is no interpretation for negative distances between
two members and having a FLOW distance of zero between to different
members would mean that they spend the whole time together exchanging
each thought.

(ii) symmetric: Along the lines of Watzlawick’s findings [36], one cannot not
communicate, meaning that also if only ¢ sends many emails to j with-
out receiving an answer, j communicates with ¢ by receiving the emails.
Therefore, the mapping d should be symmetric, even if the communication
is one-directional.

(iil) triangle-inequality: The FLOW distance between two team members ¢ and
k should be greater than or equal to the sum of the FLOW distances
between ¢ and j and j and k, i.e. d(i,k) > d(i,j) + d(4, k). In the context
of communication, this means that communicating via a third person let
the distance between the two other persons increase.

3.2 Media Richness and Effectivity

We consider the common used communication media ”email”, ”phone call”,
”video chat”, ”chat” and "meeting”. Intuitively, the intensity and efficiency are
the largest in meetings, followed by video chat, chat, phone and email. There
are proper justifications to use this or a very similar grading of the media [10].

First of all, the more human senses the media addresses, the more information
can be transported. One does not only communicate by speaking; the facial
expression, the gestures and the voice are not less important than the used
words [7]. In meetings and video chats, most senses are addressed. In chats,
emails and in phone calls, there is only written or heard text. This way, we get
the following weighting:

meetings = video chat > email = chat = phone call

Furthermore, we should consider the synchronicity of the media [9]. Meanwhile
meetings, chats, video chats and phone calls are instantaneous, emails often need
much time until the receiver answers them. Therefore, the weighting of emails
should be smaller than the weighting of chat and phone calls, i.e.

meetings = video chat > chat = phone call > email

Due to the direct face-to-face communication without screens or bandwidth (po-
tentially limiting the information flow) and the interactions of team members
in one room, the importance of meetings should be bigger than the importance



of video chats. Therefore, we get the following final order of the efficiency and
effectivity of the media:

meetings > video chat > chat = phone call > email

Table 1 reflects the weighting of media gained by starting with 1 and increasing
the weighting about one unit at each jump in the previous ordering. These
weights will be used for calculating FLOW distance.

meeting (4
video chat|3
2
2

chat
phone call

email |1
Table 1. Media weighting for calculating FLOW distance

Cockburn’s [5] and Ambler’s [1] reflections support this ordering. In his ”Modes
of Communication”, Cockburn proposes a grading of various communication
channels referring to their ”richness” and ”effectiveness”. Figure 1 represents
these findings, which can be retrieved in the grading above.
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Fig. 1. Modes of Communication [1]



3.3 Communication Intensity

Calculating the FLOW distance requires a certain kind of communication inten-
sity. Therefore, each team member is asked to estimate the intensity of commu-
nication with respect to each other team member. This way, we gain a matrix
of the following structure:

0 ai2 a1z a4 as
az1 0 a3 az4 ass
az; azgz 0 asq azs
aq1 @42 a43 0 ags
asy asz as3 as4 0

where each a;; has a value between 0 and 4°. Ideally, this matrix is symmetric, i.e.
ai; = aj; for all team members ¢, j € A. But since the statements concerning the
intensity are all subjective and there does not exist a (non-technical) objective
reference, this matrix will probably never be symmetric. Therefore, we calculate
the average of each a;; and aj; to gain the resulting communication intensity
between ¢ and j.

3.4 Calculation

To simplify the calculation of FLOW distance, let d;; = d(i, j) denote the FLOW
distance between two team members 7 and j. To gain a comparability between
FLOW distances of different teams, we want to restrict the image of d to the
unit interval. Therefore, we need a certain kind of normalization.

As variables, we only need a list of used communication channels written by
person ¢ respectively j and the perceived communication intensity.

In a first step, we calculate the product c;; of the communication intensity
and the sum of the weightings of all used media. For example, if two persons
have communicated using chats (2), emails (1) and a face-to-face meeting (4)
with an average perceived intensity of 4, we would calculate

4-(2+144) =28,

where 2, 1 and 4 represents the weightings of the used media (see table 1).
Then, FLOW distance d;; is given by

dj=1-4

c*’

where ¢* denotes the theoretical maximum of ¢;; within the regarded team con-
stellation. In a team with five members using meetings, video chats, chats, phone
calls and emails, ¢* would be calculated as

F=4-(4+3+2+2+1) =48,

® This area was fixed by the study design and may be adapted to other study designs.



where 4 is the maximal possible communication intensity.
Looking at the example of above, the FLOW distance is

28
dii =1— " ~0,4167.
I 48

The FLOW distance of the whole team, d, is given by the average of the FLOW
distances of the team members, i.e.

d:avg{dij Z#] S A}

3.5 FLOW centralization

Using FLOW distance calculation, we can create the FLOW centralization which
gives an overview for the structure of the team. As centralization and centrality
are common measures in psychology and social network analysis to analyze team
structures and the collaboration, FLOW centralization can be applied to further
calculations in social network analysis.

We start with an upper triangular matrix D, where the entry d;; is given by
the FLOW distance between the members ¢ and j. The FLOW centralization is
then calculated as follows:

We get the FLOW centrality of a person j by summing up over all FLOW
distances between this person and all other team member, i.e.

centrality(j) = Z dij,
i€A

where A again denotes the set of all team members and d;; is the FLOW distance
(respectively the entries in D). The higher a person’s centrality, the closer he or
she is generally to the other team members.

Let now centrality, ,, denote the score of the team member who has the
maximum centrality, i .e.

centrality, .. = max{centrality(j) : j € A}.
Then, we calculate the FLOW centralization by

centrality, .. — centrality(j)

centralization = E
jeA

7 *)

centrality™

where centrality” denotes the theoretical maximum of centrality.

Calculating centrality™ bases on considering the star shape as network [11].
The star network has the largest centralization, which is why it is used to nor-
malize the FLOW centralization. In this network, we weight each edge with ¢*,
which is defined to be the most possible communication interaction (gained by
using all media with the most perceived intensity). Figure 2 shows the star shape
network with five persons.



Fig. 2. The star shape network with five persons. In this example, person E is the most
central team member.

Considering not an individual’s centrality, but the group centralization allows
conclusions about the team internal structure®: The higher the centralization,
the more individual members communicate via one dominant actor rather than
directly to one another.

4 Empirical Validation

To motivate the use of FLOW distance and FLOW centralization, we want to
show the relationship between communication channels, perceived communica-
tion intensity and social conflicts.

As several studies have shown, a low degree in centralization appears to be
beneficial for team performance [28][25]. As software projects are considered to
be highly dynamic entities, communication structures may also be expected to
vary over time [2]. The project’s midpoint may be particularly relevant in this
case, as teams have been shown to display increased effort at this time [12][34].
Furthermore, at this stage of the project, team structures also seem to change, as
individual expectations and perceptions transform into shared group goals and
understandings [13][12]. Considering that team development during this point in
time also involves conflict resolutions [15], we assume that it will be influential
on how teams deal with relationship conflicts throughout the rest of the project.
We thus hypothesize that a higher degree of FLOW centralization in the middle
of the project will also be associated with increased social conflicts later on.

% The benefit of using FLOW centralization will be outlined in section 5.2.



H1: The degree of FLOW centralization at midpoint will be positively related
to the degree of social conflict at the end of the project.

Positive affect has been known to increase social integration, i.e. the extent to
which people are positively linked to one another, as it can be linked to approach-
oriented and cooperative behaviors [18]. Furthermore, group affect seems to in-
fluence how members regulate their behaviors when facing a deadline [17], such
as a quality gate” at project’s midpoint.

Interactions in early project stages have been shown to consist of long-lasting
effects [12][39]. We thus assume that the degree to which the team’s positive af-
fect after their first meeting will influence the degree of FLOW centralization at
midpoint.

H2: The degree of the team’s positive affect after the first meeting will negatively
influence the degree of FLOW centralization at midpoint.

In line with Totterdell et al.’s [33] assertion that social networks act like conduits
for affect to flow and converge through, we furthermore assume that positive
group affect after the first team meeting will decrease the incidence of social
conflicts at the end of the project via decentralized communication structures at
midpoint.

H3: Centralization will mediate the relationship between positive affect after the
first team meeting and social conflicts at the end of the project.

To validate these hypotheses, we conducted a study with 34 student software
projects.

4.1 Student software projects

At Leibniz Universitiat Hannover, the Software Engineering Group offers a yearly
repeating course called Software-Project (SWP), which is scheduled in the last
(third) year of the computer science bachelor curriculum. Participating in this
course is a requisite in order to complete the undergraduate studies.

In this course, the teams mostly consist of five students developing a software
for a customer, who is usually part of the software engineering group and who
has a real interest in project success. The projects resemble industrial projects,
but also consider the academic environment®. The students need to organize
themselves, i.e. they need to coordinate the meetings with the customer, within
their team, and with the advisors at the right time and in an appropriate way.

7 Within a quality gate in project course, a responsible person, the so-called gate
keeper, decides about the release of the next project step on the basis of clearly
determined quality criteria [29].

8 A german description of all tasks can be found at http://www.se.uni-hannover.
de/pages/de:lehre_fungate.
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The teams get supported by a coach who is part of the software engineering
group.

Within the 15 weeks of the fall semester, the students learn to work in a team,
talk to the customer and organize the internal communication. To support them
and to get the ability to obtain feedback, the teams had to pass three quality
gates — after the requirements elicitation, after the design and at the end of the
project.

The students are free to choose time and location for their meetings. They
also autonomously decide on how often they meet and which communication
channels they use.

With regards to the technical experiences in executing a project, teams need
to elicit requirements, design, implement, and test their product. Thus, they
pass through all common phases of the waterfall model. They need to write a
requirements specification and either create a design or implement a prototype
of the product. Co-located in the process, they furthermore make a review of the
design respectively the prototype of another team. In the last step, they develop
the software, which needs to be approved by the customer.

4.2 Study Design

In 2012 and 2013, a total of 165 students participated in the Software-Project.
They worked in 34 teams mostly consisting of five persons. There was only one
team consisting of four students, and two teams with three students. Each team
worked together for a period of 15 weeks. Due to missing data, we had to exclude
one team from the analyses. The final sample therefore consisted of 33 teams
(160 individuals).

During the course, the students were asked to fill in questionnaires at three
specific dates: after the initial meeting with the customer, after half of the project
duration and at the end of the project. Questionnaires contained items on e.g.
positive affect and social conflicts. We did not ask the students to report on the
cause of conflict, but the mostly arising conflicts have been caused by different
attitudes to work, reliability and different abilities to work in a team. Addition-
ally, the team members filled out a weekly online-questionnaire referring to the
interactions with other team members.

To assess the communication within the teams, we asked each team mem-
ber to record his or her communication with each other member of the team.
They were free to choose gradations between "not communicated at all” and
”very high”. We did not raise the frequency of the used communication media.
During a whole week, the frequency influences the perceived intensity, so that
measuring perceived intensity is sufficient for our approach. Furthermore, each
team member stated the used communication media with respect to every other
team member. The channels ”in one room”, ”video”, ”chat”, ”telephone” and
”email” were available. Additionally, the project leader was asked to state the
duration of all meetings and the presence of each team member.



4.3 Ethics Committee

The ethics committee at Leibniz Universitdt Hannover authorized this elevation
of data. We informed the students about the collection of data and the further
usage. All data records were anonymized and the data did not influence the
success of passing the course.

4.4 Methodology

Measures. Within the scope of this contribution, we used the following data:

FLOW centralization at midpoint of each project’s total duration was mea-
sured using a communication score derived from data obtained via the self-report
in week 7. Using the individual ratings of intensity and media, an undirected com-
munication matrix for each team and for every week was obtained by averaging
the two scores for communication intensity and by determining the maximum
value for media use for each communication pair, and then multiplying these two
scores (see section 3.5). As described by the formula (*) in section 3.5, FLOW
centralization was computed in adding up the differences between the most cen-
tral team member’s centrality and centralities of all other team members and
subsequently dividing them by the theoretical maximum score of 576 (288 and
96 for the teams with four or three members respectively).

Social conflict was measured using the German version of Jehn’s [14] in-
tragroup conflict scale by Lehmann-Willenbrock, Grohmann and Kauffeld [22],
adapted to the context of teams. The scale consisted of four items with a six-level
range from 1 = ”never/none” to 6 = ”very often/very much”. An exemplary item
was ”"How much friction is there among members in your team?” The measure-
ment was taken at the end of the project. The reliability value for this scale was
a = .87.

Positive affect was measured using the German translation of the positive
and negative affect scale (PANAS) [35] by Kroehne et al. [20]. The response
format ranged from 1 = "not at all” to 5 = "extremely”. The questions were
answered after the first team meeting in week 1. The scale, which consisted of
ten items, showed a reliability of a@ = .85.

To obtain group level constructs for social conflict and positive affect, indi-
vidual scores were mean-aggregated to the team level.

Data Analysis. Statistical procedures were performed using SPSS 22 (IBM
Corp.). In order to avoid alpha error inflation, all three hypotheses were tested
in one mediation model. The PROCESS-macro for SPSS by Andrew F. Hayes?
was employed for the mediation analysis.

While the path from the mediator (FLOW centralization) to the dependent
variable (social conflict) was used to test the first hypothesis, the path from
the predictor (positive affect) to the mediator (FLOW centralization) served to
test the second. As both of these hypotheses are directed, we will later report

9 For further information see http://www.afhayes.com.



the results of one-tailed hypothesis tests. The third hypothesis was tested in
calculating the indirect effect from positive affect via FLOW centralization to
social conflict. Figure 3 shows the hypothesized mediation model'°.

FLOW
Centralization
—0.11t_~H2 H1\3.37**
Positive H3 -~ Social
Affect -0.14 Conflicts

Tp<.1,"p < .05 **p < .01

4.5 Results

(-0.36 [-.96; -.12])

Fig. 3. Mediation model

Table 2 shows descriptive statistics and intercorrelations among the variables
under study. As table 3 shows, the unstandardized coefficient between FLOW

M SD Min Max 1 2 3
1 Pos. Affect 3.16 0.33 2.60 3.86 -
2 Centralization 0.15 0.11 0.01 0.51 =31t -
3 Social Conflict 2.36 0.75 1.35 4.19 -.22 50**

fp<.1,"p < .05, " p < .01

Table 2. Descriptive statistics and intercorrelations among variables

centralization and social conflict was statistically significant (p = .007/2 =~ .004).
The first hypothesis was thus supported. Showing a clear negative tendency, the
relationship between positive affect and FLOW centralization also reached sta-
tistical significance (p = .063/2 = .03). The second hypothesis was thus also

10 Tn order to ensure a better understanding of the results, coefficients are also included

in the model.



corroborated. The relationship between positive affect and social conflict was
mediated by FLOW centralization. We tested the significance of this indirect ef-
fect using bootstrapping procedures. Unstandardized indirect effects were com-
puted for each of 1000 bootstrapped samples, and the 95% confidence interval
was computed by determining the indirect effects at the 2.5th and 97.5th per-
centiles. The bootstrapped unstandardized indirect effect was -.3551, and the
95% confidence interval ranged from -.9553 to -.0169. Thus, the indirect effect
was statistically significant, supporting hypothesis 3.

Centralization Social Conflict

Coeff. SE t p Coeff. SE t p
Pos. Affect -0.11F  0.05 -1.93 .063 -0.14  0.37 -0.38 .705
Centralization - - - - 3.37"" 1.16 2.90 .007
Constant 0.48** 0.17 2.78 .009 2.311 1.26 1.84 .076

Tp < .1,*p < .05, p < .01

Table 3. Results of the mediation analysis

5 Discussion

In this section, we consider the study’s limitations and threats to validity before
interpreting and discussing our findings.

5.1 Limitations and Threats to Validity

Referring to our evaluation with students, we had to make some limitations
with regards to the real world. These limitations may threaten the validity of
the collected data and therefore influence the results of our calculations. Along
with the classifications of threats to validity by Wohlin et al. [37], we divide the
threats into construct, external and internal validity and reliability.

Internal validity: We wanted to consider the changes over the course of the
projects. Therefore, all threats concerning the internal validity (e.g. maturation,
internal interactions and talking about the project, the questionnaires and the
collected data) were desired and to some extent even necessary.

External validity: Although there are some modifications of the student pro-
jects towards industrial standards, the academic environment still influences the
scope and the duration of the projects. The ability of working together in a room
each week was supported by the academic environment, since all students mostly
worked at university and have been there five days per week. Project leader were
not able to access to a big pool of experiences, since they possessed the same



amount of experiences as the rest of their team. Therefore, a coach of the soft-
ware engineering group supported the teams, when any social, i.e. interpersonal,
problems occurred. Furthermore, we only considered projects with a duration
of 15 weeks with small teams (3-5 members). Almost all participants had the
same background in theory and the team internal experiences and knowledge
was comparable in all teams. This was given by forming the teams deliberately.
Beside these threats, there are no more relating to the external validity.

Construct validity: We formulated the questionnaires for the students in a
general manner and used reliable gradations and items. But we still cannot en-
sure that our comprehension of the items correspond with the student’s compre-
hension. We tried to minimize the impact of this wrong understanding through
the presence of one of the researchers involved in the project while the students
filled out the extensive questionnaires. This threats arose by comparing the per-
ceived communication intensities (the communication matrices have not been
symmetric), for instance. We respected these irregularities in the definition of
FLOW distance. The weekly report was formulated in a very general manner,
so that we do not expect any deviations in the understanding.

Reliability: The study’s results are statistically significant. But there are still
a few threats concerning the reliability of the study. Different projects have
different scopes and the knowledge and experience base of each team is different
from the other teams. These factors can restrict the reliability of this study.

5.2 Interpretation

With our approach of using FLOW distance, we propose a way to comprehend
the influences of different communication channels on project success. Along
with the findings of our study, we are able to show two things:

(i) The mediation model consisting of FLOW centralization, social conflicts
and mood.

(ii) The appropriateness of using FLOW distance to combine the communica-
tion channels and the perceived communication intensity.

The experiment supports our three hypotheses:

1. The degree of FLOW centralization at midpoint is positively related to the
degree of social conflict at the end of the project. (H1)

2. The degree of the team’s positive affect after the first meeting negatively
influences the degree of FLOW centralization at midpoint. (H2)

3. Centralization mediates the relationship between positive affect after the first
team meeting and social conflicts at the end of the project. (H3)

A suitable amount of information sharing is necessary for project success. There-
fore, ensuring information flow is very important for the project leader. Exchang-
ing information goes along with communication — often in meetings, via e-mail,
phone or in (video) chats.



Using certain communication channels can foster and ensure information
sharing. Obligatory meetings each week can guarantee a minimum of informa-
tion exchange. Phone calls, e-mails, conversations and chats in addition to the
meetings are also mandatory, since they can minimalize loss of information.

Along with our findings, asking each team member about the perceived com-
munication intensity and the used communication channels is a good way to
monitor the information flow.

Combining these data using FLOW distance also indicates social problems
and conflicts at the end of project. As shown in H1 and H2, high positive mood
influences FLOW centralization, which depends on FLOW distance and thus
on communication behavior. The FLOW centralization again has an impact on
social conflicts which can influence the project success.

As the deadline approaches, collaboration is very important. Social conflicts
at this point may impair project success, i.e. the successful completion of the
overall project. FLOW distance is an indicator for that kind of conflicts. Know-
ing about conflicts arising with an increasing probability can help solving them
before they occur.

Therefore, we are not only able to support the hypothesis that communica-
tion is important for project proceeding, for example because of its influence on
information sharing. Our approach of using FLOW distance as a metric for the
collaboration in teams is also target-oriented with respect to ensure an appro-
priate amount of information flow.

6 Conclusions

This work introduces an approach of using FLOW distance to foster a suitable
amount of information flow in software development teams and therefore project
success.

Internal team communication is very important for project success: In each
part of the project, information needs to be shared within the whole team or
with certain team members.

FLOW distance is a measure combining communication intensities and the
used communication channels, which is much easier to assess than surveying
every interaction between two or more team members. Furthermore, based on
the calculation of FLOW distance, FLOW centralization can be calculated. It
can be applied to methods in social network analysis supporting the recognition
of team internal structures.

Using the data collection of 33 comparable software projects with 160 par-
ticipants, we are able to show the relationship between FLOW centralization,
social conflicts and mood at certain stages of the project. The degree of FLOW
centralization at midpoint is positively related to the degree of social conflicts
at the end of the project, which means that the chosen communication chan-
nels and the perceived communication intensity at midpoint are indicators for
social conflicts at project’s end. Furthermore, the degree of the positive affect
negatively influences the degree of FLOW centralization at midpoint: Positive



mood in the developing team (for example reducible to a successful start of the
project) has a negative impact on FLOW centralization which depends on com-
munication in the middle of the project. Moreover, the FLOW centralization
mediates the relationship between positive affect after the first team meeting
and social conflicts at the end of the project meaning that FLOW centralization
— and hence communication — links good mood at the start of the project and
social conflicts at project’s end.

Therefore, considering FLOW distance helps the project leader to get an
overview about possibly existing social conflicts and mood, which influence the
information flow and therefore project success. Considering the FLOW distance
can foster project success with respect to different metrics: requirement compli-
ance [27], customer satisfaction, and the team mood by preventing unnecessary
work through a sufficient information flow.

Future work will inter alia focus on the application of FLOW distance and
FLOW centralization in social network analysis to analyze internal team struc-
tures and indicate critical interpersonal combinations.
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