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Abstract - In recent times, due to an increase of open source software working models, the behaviour and emotional affective state of
developers are becoming increasingly relevant as a subject of research in the software engineering community. One important aspect of
such research is emotional contagion: the phenomenon by which the affective state of an individual is transferred to another one through
communications. In this paper, propose a simple model that determines the presence of emotional contagion, negative or positive, in an
open source project in order to enrich the set of tools used to help the developers..
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1. Introduction

Emotions are an important part of the human behaviour. They are essentially a building block of human interaction.
Emotional contagion is a phenomenon that leads people to mimic the intents and emotional states of others at any given
moment, even subconsciously. Emotional contagion is important for the human behaviour because it is the main mechanism
that can explain how emotions form emotional social influence among individuals [1]. Weiss and Cropanzano have found
that there is a link between emotions and work productivity. Their Affective Theory formalizes their findings [2].

With the increasingly popular demand in current software engineering community on the role of developers and their
dealing with sentiment and the emotional aspects of the development process, it has become more and more crucial to conduct
research that provides the development community with better tools for a more productive and satisfying work environment.

Emotional contagion can be best seen as an influence of emotions or behaviour of an individual on another one, either
consciously or subconsciously, resulting in a change of the emotional state and/or behaviour of the other individual [3].
Another important aspect that Barsade et al mention is that it not only contributes to the emotional state and how people feel
but also the thinking and action that people take because of the influence of the emotions of another individual [3].

In their study of primitive emotional contagion, Barsade et al also explain how emotional contagion can occur at a
subconscious level, as the first and foremost part of the process is mimicry of display of expressions from each other. The
second part of the process then focuses on how these facial and behaviour mimicry leads to physiological results. Results
from their studies show that the when emotional contagion happens at a subconscious level, the recipient of the emotional
contagion is not able to recognize it, and in turn cannot detect the emotional social influence.

When talking about conscious emotional contagion, one where the person is aware of the change, people tend to compare
their moods to others and respond accordingly. An interesting example of emotions and moods in the setting of team and
individual activities was observed as well: whenever a group or a team activity was conducted as part of the experiment, one
where the members depended on one another, the mood linkage was positive and coordinated to make the team effort, but
in case of individual activity, it was negative.

Another important discovery that can be derived from these studies is that emotional contagion can occur in groups,
which means that emotions or moods collectively of a group can affect one another resulting in unexpected results and
conclusions.

From Barsade’s study, it can be concluded that in cases where people are able to assess the situations through behavioural
and facial expressions and respond accordingly it is easier to control the results of the contagion, as compared to cases where
the communication between coworkers or members of the team occurs via textual mediums like emails, chat, online forums
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and discussions panel. Here, people must assess the expression of the person through what has been communicated via
text, which may or may not lead to completely different results and consequences than what the sender of the text
intended.

Other studies on emotional contagion found that group emotions exist. This is defined as group affective tone and
it can influence the work outcomes, creating different results than expected.

Thus, understanding whether the emotions of an individual developer in a software development team influence
other developers emotions is an important research topic that has not yet been sufficiently explored in Software
Engineering.

Software Development is a human centered process. Software engineers are creative human beings despite working
in engineered processes [5]-[9]. Software development is a sense-making process as well as a decision-making process,
and sense-making requires the conscious assessment of the environment and can be influenced by individual or group
emotions [10]. Additionally, software development requires cognitive processing abilities and problem-solving skills.

Psychology studies show that emotional contagion causes a change in the emotional dynamic of the overall team.
Scientifically it has been proven that emotional contagion is a type of social influence, in which one person’s emotions
(short-term reactions to an environmental stimulus) can affect another, resulting in changed or varied results than what
was expected. However, this knowledge has seldom been applied to software development.

In this position paper, we attempt to detect the presence of emotional contagion in a development environment. The
proposed concept is to conduct an analysis of commit messages of an open source project repository to gather the result
of whether there is a presence of emotional contagion. Such an analysis has been done before to detect an individual’s
affective state, but it has not previously been performed to detect emotional contagion as a group dynamic.

The rest of the paper is structured as follows. In Section 2, we present the background of the paper. In Section 3,
we introduce our case company and case data set. In Section 4, we present the analysis done for the project and key
findings. Towards the end of the paper, in Section 5, we draw some conclusions.

2. Background and Motivation

Many literature studies and research contributions have proven that emotions play a vital role in an individual’s
performance and productivity while completing a task. For example, in case of cognitive processing ability, “emotion
has a substantial influence on the cognitive processes in humans, including perception, attention, learning, memory,
reasoning and problem solving” [11].

To improve the software development process, we have to focus on its main aspect: people. People drive the process,
and its performance [5].

Emotions and moods of an individual affect their decision making abilities [12]. Under either positive or negative
emotions, a decision maker makes different decisions despite other factors being the same or very similar. In fact,
decision makers adopt different processing strategies depending on their affective state [13]. Individuals with positive
emotions are inclined towards risk seeking, whereas individuals with negative emotions are inclined to be risk averse.
Numerous other studies relate the role of emotions, moods and affect with agile decision making [14]-[17].

In case of pull requests in open source software and other online open source platforms, it has been observed that
the issues with higher level of negative emotions like sadness, arousal and dominance are less likely to be merged as
compared to issues with higher level of valence and joy [18].

In the last two decades, several studies have been conducted on the emotions of developers. A very good example
is a study conducted in 2019 [19], in which the authors used an off the shelf sentiment analysis tool to assess whether
maintainers’ sentiment changed after one of the main developer of the community, Linus Torvalds decided to take a
temporary break from the community. From the study of the various community records, it can be concluded that even
in case of textual communication, a negative tone, as described in the study, may impact the individuals creativity,
productivity, and contribution towards the project. This study was especially important to explain how sentiment
influence development during unexpected events.
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Several studies have been conducted in the past for deeper and better understanding towards the role of human aspect
in an engineered process as software development. Many of these studies address why people get affected or influenced by
emotions whilst other studies talk about when people get affected by emotions [8], [9], [20]. Despite these studies and more
literature evidence, software engineering lacks a solid foundation of role of emotions in software development. A different
study concluded that many other researchers have called for research on this subject [21].

Many organizations try to capture the emotions overflow of an individual and their emotional attachment to their job, or
job, or job satisfaction via interviews and surveys. But in a global software development team, where the team is
geographically distributed across the globe, it is difficult to capture these results. Especially as mentioned earlier, in case of
facial and behavioral mimicry, people tend to act accordingly to the situation present, as opposed to textual communication
where the assessment of the text is via the language and the tone of the text.

3. Proposed Model

Many studies call for software engineering to focus on emotional contagion and the understanding of the flow of
emotions in development teams spread geographically across globe and how we can minimize the negative consequences of
this flow and provide solution for this.

The software development process works in collaborations and teamwork. It is centered around working together and
interacting with one another. With interaction, it is bound to have an exchange and invoke of emotions amongst participants
in the process. This exchange of emotions often can be of positive emotions and at times of negative emotions.

Studies conducted in the past have made use of sentiment analysis tools and analysis by researchers themselves to find
the answer to the question of whether there are emotions influencing the software development process.

Some of these studies raise the validity of the sentiment analysis tools. For example, in Murgia’s study [22], the question
of verification of the feasibility of a sentiment analysis tool is raised. The study observes that if researchers, who are
essentially humans, cannot detect the emotional information flow in the issue reports then the validity of an automatic tool
is even more in question.

Emotions and display of emotions in discussion boards is pretty common, since most of the face-to-face meetings are
not feasible or efficient nowadays, with software development being distributed over the globe. Geographically distributed
project teams have almost no personal communications amongst themselves, which raises the potential of conflicts among
the team, as described previously, because being able to gauge the facial and behavioral outcome of a text sometimes leads
to misinterpretation of that text [23]. In environments such as these where the project team is global and distributed, it
becomes difficult for project managers as well to deflect and resolve issues among the team on time, which then leads to
unexpected and unfavorable outcomes [3].

Gaining awareness of the emotional flow amongst the team members and being able to diffuse conflicts and provide
consistent results is still a manual process. Researchers have used various methods to mine emotions in different settings in
software engineering. Many of the studies have focused on mining and analyzing the emotions of developers as individuals,
and how they are affected by emotions and the emotions of others in the team. But little or no studies relate the emotions of
a developer to another or link the affect of one individual’s emotions to another one’s. This gap in the area requires further
call for research from the community.

Based on the previous literature review and studies conducted across a wide dynamic including psychological and
empirical software engineering, we propose the following hypotheses for our model:

1. A negative response may evoke a negative contagion among the community.

2. A positive response may evoke a positive contagion among the community.

3. A neutral response can be deemed as neither positive or negative, and thus doesn’t affect the curve, hence its contagion
capability cannot be determined.

4. A negative sequence leads to more commits with errors.

5. A positive sequence leads to a smaller number of commits as well as fewer commits with errors.

6. The day of the week also affects the resulting sequence, as negative sequences or positive sequences seem to occur at
different and recurring intervals of the week.
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Using the model in Fig.1 we will investigate the relationship between the commit messages and time sequence.

To test all the hypotheses presented in this paper, we adopted the method described in Figure 1. The method is
in four steps. First, we collect the dataset using GitHub’s API. Github is a well-rounded source of many open source
repositories. Moreover, in order to collect all the information on commits including the date, time, author, as well as the
commit ID, there are several available APIs which give the desired results [24]. For the analysis, we will be adopting
Mathematica, a technical computation software system with built-in functions for different computing services [25].
its built-in classifier we will be able to run more sophisticated and pattern sequence models. The underlying power of
Mathematica is in the classifiers which are based on neural networks and can be trained on sample data with predictable
levels of accuracy [26]. The resulting sequence of the analysis will then be plotted as a sequence of numerical values of
-1,0,+1 against time and date of the commit message. Figure 4 shows an example in which we have trained the classifier
with 750 examples from a training dataset. The Classify function tries many models and chooses the one best suited
based on the different features of the dataset.

Through this method, we can test out the hypotheses discussed earlier. With the knowledge of the presence of
emotional contagion we can further dive into answering questions based on the consequences of this contagion. Whether
the positive contagion or negative contagion affects the developers or whether the knowledge of their presence not
having a neutral contagion affects their decision-making are some of the aspects that can be answered through this
analysis.

Data Collection
Github API
Commit Comments

Data Processing:
Training Classify

Y

Testing Data:
Classification

Y
Time Sequence:
Classified data is
stored as a time
sequence

Fig. 1: Method for determining the presence of emotional contagion.
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GET /repos/:owner/:repo/issues/:number/comments

NotebookDirectory[];

Fig. 2: Sample Git Clone

SetDirectory[NotebookDirectory[]]

C:\Users\rashm\Dropbox\Learning\wolfram

datall = Import["C:\\Users\\rashm\\Dropbox\\Learning\\full.csv"]

large output show less

o/ = Information[trainingdataclassifier]

Classifier information

{Text}

negative, neutral, positive

(58.44)%

Method = Markov

show more

show all set size limit...

Fig. 3: Sample Mathematica Code.

' 1= Information[trainingdataclassifier]

Classifier information

{Text}
negative, neutral, positive

(58.44)%

Markov
Single evaluation time | 258 ms/example
Batch evaluation speed | 26.5 examples/ms
oss 139+ ss 1394
cdel memen 278.kB
Training examples used = 748 example T ample:
Training time 4L ning time 4
) < Learning curve < Accuracy >
6 10
5k
08h
4F
06|
3k
04f
2L
02h
00hH
| | | | -
10 50 100 500 10 a0 o =00

Fig. 4: Classifier Accuracy.
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4. Results

In order to test the hypotheses, we followed two different approaches, for the first approach we used the Classify
which is available in Mathematica. Classify function as discussed previously is based on supervised machine learning
algorithms, which we can train for any type of data. In our case, we used this classifier to identify our commit messages.
the classification step which involves artificial neural networks, we train the machine with training dataset, with larger
training data is, the efficiency of the classifier is increases. The training step is followed until the machine gains a
potential level of accuracy. Mathematica, automatically chooses the best algorithms based on the different models stored.
For this present method, it relied on the Markov method, which is generally used for textual analysis.

For the second approach, we used Mathematica’s built in classifier, Sentiment. This is a classifier which tries to
gather the sentiment from a text. This classifier relies on the basis of assuming that the text conveys only one sentiment.
In the figure as we can see, a total of 12433 messages were determined as neutral, where as in comparison to the trained
method, only 8395 messages were determined as neutral. Similarly, in case of positive and negative messages , in case
of trained method, a total of 9234 messages were identified as positive and 8171 messages as negative, where as the
built in classifier identified a total of 3942 messages as positive and 9346 messages as negative. Notice in Fig. 6, there
are some messages which are left Indeterminate since the classifier couldn’t identify these cases, where as the trained
model was able to classify all the messages across the dataset.

Tally[Normal@sentimentnum]

({1, 9234}, (@, 8395}, { 1, 8171}}

BarChart [Apply[Labeled, Reverse[{ {1, 9234}, {©, 8395}, {-1, 8171}}, 2], {1}]1]

8000 |
6000 |
4000 |

2000

1 0 -1
Fig. 5: Total Commit Messages (Trained Classifier)
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ins1}= Tally[total]

oust= ({1, 3942}, {-1, 9346}, {@, 12433}, (Indeterminate, 79}}

1

inis2)= BarChart[Apply[Labeled, Reverse[{{1, 3942}, {-1, 9346}, {0, 12433}, {Indeterminate, 79}}, 2], {1}]1]

12000 |
10000

8000 -

o
&
]

6000 -
4000

2000

1 1 0 Indeterminate

Fig. 6: Total Commit Messages (Sentiment- Built in Classifier)

This approach can be used further to answer our initial hypotheses on contagion. Here in Fig. 7, we have used a small
small snippet to focus on the fluctuation of contagion. As we can see, there are more accumulation of positive contagion in
comparison to negative. Similarly in case of neutral contagion, the sequence highlights that either there is a positive contagion
from neutral message, or it remains the same.

In case of neutral contagion, as of this period it is perhaps difficult to say whether the contagion is influential in nature
or not, from the statistical analysis, it is safe to assume that positive contagion often results in positive response whilst
negative contagion can’t always be considered as a consequence for negative response.

ListLinePlot [ {listforlineplot}]

0

Fig. 7: Emotional Sequence

5. Conclusions

This paper presented a method for identifying the sentiment polarity of commit messages across an open source software
project. Our primary goal for this research is to contribute to the emotional, perhaps, human aspect of software development.
Whether positive or negative contagion influences the software development or not is likely an issue which calls for deeper
understanding of the emotional contagion amongst development environments. The consequential results of negative
contagion on the whole process are far more impactful and hence should be considered for future analysis.
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