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ABSTRACT
Building trust among remote developers is challenging because
trust typically grows through close face-to-face interaction. In this
paper, we present the preparatory design of an empirical study
aimed to assess whether affective trust, established through social
communication between developers, is a predictor of successful
collaboration in distributed projects. Specifically, we intend to
measure affective trust through sentiment analysis of pull-request
comments.
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1. INTRODUCTION
Affective trust has been widely studied in several research
domains, including software engineering [1],[15]. Other
definitions of trust distinguish between cognitive (or rational) and
affective (or social) perspectives. Wilson et al. [17] define
affective trust in terms of reciprocal emotional ties, concerns, and
care between the trustee and the trustor, which push the latter to
do something for the former because it is perceived as moral duty.
Conversely, cognitive trust is defined in terms of expectations
about others’ competence and reliability in performing important
actions that the trustor cannot monitor. Overall the trustor’s
decision is based on both cognitive and affective appraisal of
existing information about the trustee derived from the
observation of the trustee’s behavior.
Trust is fundamental in software projects, especially if distributed.
Reduced trust has been reported to (a) aggravate the feeling of
being separate teams with conflicting goals, (b) decrease the
willingness to share information and cooperate to solve problems,
and (c) affect goodwill toward others in case of objections and
disagreements [2]. Trust among project members typically grows
through close face-to-face (F2F) interaction, since it represents the
most effective way to establish connections with others and gain
awareness of both technical and personal aspects [6],[11].
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Unfortunately, F2F interaction is also the very activity that is
largely reduced in distributed software projects or even
completely unavailable, as in the case of open-source software
(OSS) projects. In our previous work, we argued that collecting
personal information from social media and then linking it to
work artifacts can augment social awareness and affective trust
[4],[5]. Prior empirical research has also focused on how to build
and strengthen trust among members of distributed teams who
have few or no chances to meet. Wang & Redmiles [16] studied
two large OSS projects and observed that engaging in non-workrelated communication with remote collaborators has trustbuilding effect on distant developers. A similar study was
conducted by Guzzi et al. [7] on social interactions occurring by
emails on the mailing lists of one large OSS project.
One common limitation identified in prior empirical-research
findings is that there is no explicit measure of ‘how much’
improving trust contributes to a project performance. Here we
present the preparatory design of an empirical study aimed to
assess whether affective trust established between developers is a
predictor of successful collaboration in distributed projects.
Specifically, we will perform a sentiment analysis of pull-request
comments, as pull-based code reviews are complex activities that
have been found to involve both technical and social factors [7].

2. RESEARCH MODEL
Existing literature has proposed several approaches for fostering
trust [1],[3],[9]. The underlying idea of these studies is that the
process of trust building mainly develops along several
dimensions called trust antecedents [14], i.e., the properties of the
trustee that trigger the trustor’s appraisal when assessing
trustworthiness.
According to Schumann et al. [15], the personal properties of a
trustee that facilitate the establishment of the affective trust
relationship with a trustor are benevolence (e.g., courtesy,
availability) and integrity (e.g., faithfulness, adherence to moral
norms). Typically, information elements about these antecedents
of affective trust are exchanged throughout social communication
[14]. Besides, Jarvenpaa & Leidner [10] observed trust evolution
in global teams interacting only through computer-mediated
communication. Their analysis indicates that teams with low level
of initial trust lacked in social communication at the beginning of
projects. Conversely, teams with a high level of trust at the end of
projects had an initial focus in social communication, which later
diminished to make room for procedural and task-focused
interactions. This result is consistent with the findings from the
study by Wang & Redmiles [16], who analyzed the IRC chat logs
of two large OSS projects and observed that the amount of social
interactions between developers tend to decrease and even
disappears once trust and cooperation are fully developed.
Therefore, building on the model of antecedents of affective trust,
we hypothesize that (see Figure 1):

H1 – In distributed projects, the amount of social communication
decreases over time, as affective trust mutually develops between
developers throughout collaboration.
Treinen & Miller-Frost [12] observed that the development of
mutual trust between distant sites at the beginning of a project
turned out to be more important than resolving technical issues. In
fact, increased trust allowed remote sites to anticipate future
issues from afar (e.g., conference call), thus resulting in increased
overall efficiency. However, to the best of our knowledge, no
previous study provided direct evidence that connects affective
trust to project performance. Establishing a cause/effect
relationship between developers’ trust and project performance is
a challenging task as many other confounding factors, such as
project type or individual skills may interfere along the process. In
this study, we intend to overcome this limitation by approximating
the overall performance of a project (e.g., requirements
completion, productivity, duration) with the history of successful
collaborations occurring between project developers. By
successful collaborations we indicate situations where (at least)
two developers work together and their cooperation is successful
because it yields project advancement (e.g., by fixing bugs or
adding new features). Through such a fine-grain unit of analysis,
we aim to measure ‘more directly’ how affective trust facilitates
cooperation.
Consequently, we hypothesize that (see Figure 1):
H2 – In distributed projects, there is a positive correlation
between the amount of affective trust mutually established
between developers and the probability of observing a successful
collaboration among them.
These hypotheses are meant to be investigated by means of an
empirical study, the design of which is detailed in the next
section.

3. EMPIRICAL STUDY
Based on the theory of trust antecedents, we intend to perform a
study that will provide a measurement of how affective trust can
improve performance in a distributed project. In particular, we
intend to look at the content of the interactions occurring in large
open-source projects to identify, through sentiment analysis, the
information elements on which affective trusts grows. As a first
step, we intend to focus on studying affective trust development
between pairs of developers rather than groups. This decision is
motivated by a recent quantitative study [13], which found that
two developers discover an optimal number of defects during
code reviews.
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Figure 1. The proposed research model.

3.1 Construct Variables
Here we describe the constructs to conceptualize the elements in
our hypotheses. The constructs described in the following relate to
the concept of pull request, enabled by Git and popularized by
collaborative coding platforms, such as GitHub and Bitbucket.
Modern distributed software projects support their workflow and
coordinate remote work through version control systems. A pull
request is one the preferred way of submitting contributions to a
project using a distributed version control system such as Git.
Pull-based development is a distributed software development
model with a distinct way of collaborating. In this model, the
project’s main repository is not shared among developers. Instead,
developers contribute by forking (i.e., cloning) the repository and
making their changes independently from each other. When a set
of changes is ready to be submitted to the main repository, a
potential contributor creates a pull request. Then, an integration
manager, one of the core developers, is assigned responsible to
inspect the changes and integrate them into the project’s main
development line. The role of the integration manager is crucial to
ensure project quality. After a contribution has been received, the
integrators must close a pull request deciding whether it is suitable
for the project – i.e., the pull request is accepted and changes are
merged into the project’s main repository – or incorrect – i.e., the
pull request is declined and changes are rejected. Closed pull
requests, whether accepted or declined, require that a consensus is
reached through discussion. OSS projects typically rely on
collaborative development platforms such as GitHub and
Bitbucket, which make it easier for developers to collaborate
through pull requests as they provide a user-friendly web interface
for discussing proposed changes before integrating them into the
project source code.
Previous research has typically relied on self-reported data,
typically questionnaires, to measure trust on a given scale [1],
[3],[14],[15]. Conversely, for the sake of providing a more
reliable measure, here we define the construct of amount of
affective lexicon (e.g., statements conveying affective states such
as ‘I hate …’ or ‘I like that…’), in the comments exchanged
between developers during pull requests, as an approximation of
the level of the existing level of affective trust.
Thus, H1 is rephrased as follows:
H1´ – In distributed projects, the amount of affective lexicon in
pull request comments decreases over time, as affective trust
mutually develops between developers.
Regarding the second hypothesis, we intend to collect evidence
that affective trust is an antecedent of successful contributions
between project developers. Recent work identified that and
‘social distance’ between developers can be used to predict
whether a contribution will be accepted or not [14]. Therefore, we
define the construct of accepted pull requests to represent a
successful collaboration between the pull request contributor and
the integration manager. In other words, we argue that affective
trust acts as a catalyst for accepted pull requests that, in turn,
boost project performance by contributing new features or
resolving bugs.
Therefore, H2 is rephrased as follows:
H2´ – In distributed projects, the larger the amount of affective
lexicon in prior pull-request comments, the larger the chances for
the current pull request to be accepted.

3.2 Measurements
In this section, we illustrate how we intend to measure the amount
of affective trust between any two pair of developers in a project,
starting from the amount of affective lexicon exchanged in pullrequest comments.
The amount of affective trust will be computed using
SentiStrength,1 a sentiment-analysis tool capable of dealing with
short written informal text, including abbreviations, intensifiers
and emoticons. Because a sentence can convey mixed sentiment,
the tool provides both positive and negative overall sentiment
scores for an input text, computed as the maximum positive and
negative scores assigned to each sentence. In our case, given a
thread of comments in a pull request, for all the comments
exchanged between any identified developer pairs, SentiStrength
will output two scores in the interval [±1, ±5], which will be
summed up and considered as a measure of the affective lexicon
in the pull request.
Thus, the overall level of affective trust between the pull-request
contributor and the integrator will be given by summing the
affective lexicon between the same pair of developers achieved
through all the previous pull requests.
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