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Abstract

Open Source Software (OSS) projects offer valuable opportunities
to train the next generation of software engineers while benefiting
projects and society as a whole. While research has extensively
explored student participation in OSS and its use in software engi-
neering education, student participation in OSS is still low, and the
perspectives of students who have never contributed remain under-
explored. This study aims to investigate the relationship between
students’ interest in contributing to OSS and their perceptions of
barriers and motivational factors. We developed a theoretical model
to understand the relationship between students’ perceptions of
OSS and their interest in contributing. We then surveyed students
majoring in computer science and related fields (N=241). Using
structural equation modeling techniques, we tested the model and
found that intrinsic and internalized extrinsic motivations are posi-
tively associated with interest in contributing to OSS projects, while
the impact of extrinsic motivation varies by gender. Comparatively,
we found no significant relationship between barriers and interest
in contributing. Students suggested several ways to make projects
more attractive, including increasing awareness of the importance
of OSS. Our findings can help communities better prepare to inte-
grate students and encourage educators to enhance interest in OSS
by linking participation to specific motivational factors.
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1 Introduction

Fostering students’ engagement in open source software (OSS) as
part of Computer Science courses helps to train the future soft-
ware engineering workforce [54, 55, 70]. Contributing to OSS en-
ables individuals starting their careers in software development to
acquire technical and soft skills in practice. Participation in OSS
can significantly boost confidence when seeking industry posi-
tions [7, 47, 48, 54], providing real-world experience, enhancing
skills, and expanding professional networks. Additionally, success-
ful participation in OSS projects increases students’ visibility among
their peers [11, 58] and is considered by major tech companies in hir-
ing processes [16]. Beyond individual and project-level advantages,
OSS contributions also benefit society by further developing widely
used products [53] and strengthening the future workforce [26, 58].

However, those in the initial stages of their career, such as stu-
dents, often do not participate in OSS. Students have characteris-
tics that make them particularly suitable for participating in OSS
projects [17, 73], and OSS projects offer a variety of tasks, includ-
ing some that do not involve coding. Moreover, since OSS projects
vary considerably in domain, size, and complexity [66, 86], they
offer a wide spectrum of choices. Nonetheless, students, especially
those from underrepresented populations, often feel demotivated
to participate due to barriers that hinder contributions [51, 73, 84]
or for not understanding how OSS can be motivating or useful for
their goals.

Previous work focused on attracting developers [10, 31, 54, 77,
93], the motivations of current developers [24, 85], and why stu-
dents participate in OSS summer programs [69]. Understanding
the factors associated with student interest in contributing helps
develop effective attraction strategies. Student motivations, barri-
ers, and perceptions may differ from those of more experienced
contributors or those already in the job market. Unlike existing lit-
erature, which considers only students already involved in OSS [49,
54, 55, 69] and leads to a survivability bias, our study, to the best
of our knowledge, is the first to include students who have never
contributed to OSS, providing new insights into this group. Un-
derstanding the perception of those who have never contributed
is relevant since they represent potential future contributors, and
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their views can evidence barriers to entry or misconceptions about
OSS that projects, and educators may need to address or benefits
they can highlight.

The aim of our study is twofold. First, we seek to understand
how different factors (perceptions of barriers and motivation) are
associated with interest in contributing to OSS. Second, we aim to
collect student recommendations on making OSS projects more at-
tractive. To guide our investigation, we pose the following research
questions:

Research Question 1 ~

What factors are associated with students’ interest in contribut-
ing to an OSS project?

7

Research Question 2 \

What recommendations do students have to make OSS projects
more attractive?

7

We developed a theoretical model of interest to contribute to
OSS grounded in prior literature (Sec. 2). We evaluated our model
through a survey (N=241) of students majoring in computer science
and related fields (e.g., software engineering, information systems,
and computer engineering) using partial least squares structural
equation modeling (PLS-SEM) (Sec. 3). Our analysis provided em-
pirical support for part of our model, showing that the factors
associated with students’ interest in contributing to OSS projects
include intrinsic and internalized extrinsic motivations positively
associated with interest in OSS (Sec. 4).

Among our contributions, our results reveal strategies to make
OSS projects more attractive to students. We found that fun is a
strong component of intrinsic motivation, which is the most cor-
related factor to interest in contributing. Moreover, we identified
gender differences in the association of extrinsic motivation and
interest, which has consequences for communities and educators
aiming at promoting diversity in OSS. We also brought to the fore-
ground the voices of students who suggested various strategies
to make projects more appealing. These included simplifying the
contribution process, raising awareness, and offering academic and
career-related benefits. Additional strategies involved providing
mentorship, recognizing contributors with rewards, fostering a
welcoming environment, and aligning projects with individuals’
personal interests. Our insights can help educators, project leaders,
contributors, and the research community create future interven-
tions to attract students to OSS projects.

2 Theory Development

Previous studies have identified several barriers that influence new-
comers’ onboarding experiences [74, 90]. When faced with barri-
ers, newcomers often lose motivation and give up [1, 74, 88]. This
particularly impacts newcomer students, who typically have a lim-
ited skill set and experience when first contributing to an OSS
project. Balali et al. [2], for example, identified barriers related to
low self-efficacy, where newcomers believe that they will be unable
to complete assigned tasks. Yu et al. [91] found a set of process
barriers that impact newcomers. Technical complexity may also

scare newcomers [76]. Steinmacher et al. [75] reported that the time
required to contribute often leads to frustration or demotivation

among newcomers. Hence, we hypothesize that:
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Hypothesis H1: Students who believe that OSS poses onboard-
ing barriers are less interested in contributing to OSS projects.

Many researchers have investigated the motivations to con-
tribute to OSS [5, 24, 41, 85]. Von Krogh et al. [85] surveyed the liter-
ature and identified ten motivations grouped into three main types:
(i) extrinsic, (ii) internalized extrinsic, and (iii) intrinsic. Individuals
are extrinsically motivated when they seek external incentives or
alter their behavior due to external interventions [22]. Extrinsic
motivations include career advancement and pay. In contrast, de-
velopers can also internalize extrinsic motivators, perceiving them
as self-regulating behaviors rather than external impositions [15].
These internalized extrinsic motivations include reputation, reci-
procity, learning, and own use [85]. Intrinsic motivations, on the
other hand, are those that occur when an action is performed for
the inherent joy of performing it rather than in response to external
pressures or rewards [62] and include ideology, altruism, kinship,
and fun [85]. Gerosa et al. [24] found that intrinsic and internalized
extrinsic motivations explain what drives most contributors. Other
studies suggest that extrinsic motivation, such as future monetary
rewards, motivates developers [32]. Thus, we define the following
hypotheses:

Hypothesis H2: Students who perceive extrinsic motivational
factors in the OSS environment are more interested in contributing
to OSS projects.

Hypothesis H3: Students who perceive internalized extrinsic
motivational factors in the OSS environment are more interested
in contributing to OSS projects.

Hypothesis H4: Students who perceive intrinsic motivational
factors in the OSS environment are more interested in contributing
to OSS projects.

Low diversity in OSS is a concern raised by various studies. In
this study, we focus on gender diversity since it is well known
that gender minorities face challenges in becoming part of the OSS
community [28, 84], which discourages their participation [46, 87].
Understanding what is associated with different populations can
help better support diversity. Hence, we propose the following four
moderating hypotheses:

Hypothesis H5a: Gender minorities are less interested in con-
tributing when they believe that OSS projects pose onboarding
barriers.

Hypothesis H5b: Gender minorities are less interested in con-
tributing when they perceive extrinsic motivational factors in OSS.

Hypothesis H5c: Gender minorities are less interested in con-
tributing when they perceive internalized extrinsic motivational
factors in OSS.

Hypothesis H5d: Gender minorities are less interested in con-
tributing when they perceive intrinsic motivational factors in OSS.

In addition, we used the control variables OSSCourse and Involve-
ment with OSS. OSSCourse refers to whether the student has taken
an OSS course. Including this variable helps to account for the in-
fluence that formal education and exposure to OSS concepts in an
academic setting might have on the student’s interest in contribut-
ing to OSS projects. It controls for the additional knowledge and
motivation that might arise from structured learning environments.
The control variable Involvement with OSS categorizes students into
three types: (i) never contributed, (ii) dropped out, and (iii) contrib-
utor. This categorization helps control for the students’ varying
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levels of experience and engagement with OSS, assessing how prior
involvement impacts students’ interests.

3 Research Design

We surveyed students majoring in computer science and related
fields (e.g., software engineering, information systems, and com-
puter engineering). Surveys are suitable for gathering numerous
responses necessary to evaluate a theoretical model such as ours [3].
Then, we used the Partial Least Squares Structural Equation Model-
ing (PLS-SEM) to analyze our survey data and explain the variances
of dependent variables. PLS-SEM’s predictive capabilities [30] align
well with our research objectives since it performs well with a
limited number of indicators per construct, handles formative con-
structs, offers strong statistical power, and is well-suited for complex
models comprising multiple constructs and indicators, allowing us
to capture the multifaceted nature of our research questions.

3.1 Measurement model

Some constructs in the theoretical model are represented by latent
variables, as observed in Table 1. A latent variable cannot be directly
measured or observed but is measured through a set of indicators
or manifest variables [83]. For the latent variables in this study, we
adapted existing measurement instruments as much as possible to
improve construct validity [24, 73, 85]. We adapted existing mea-
surement instruments applied to the broad OSS literature (including
novices and students), iteratively refining them to be clearer for
our intended context, e.g., rather than using “I have fun writing
programs”, we used “OSS projects are fun environments” to more
accurately reflect the broader perception of contributing to OSS.
We conducted pilots to gather feedback and ensure the adequate
interpretation of the questions by our target population.

We selected our constructs based on hypotheses we derived
from the literature. We wanted to investigate students’ interest,
which can lead to an intention to act [37]. Intention may involve
temporal and personal impediments that are outside the control
of the projects and educators. The constructs in our model are
“formative” [30], meaning that every indicator captures a specific
aspect of the latent variable; in other words, the indicators are
not interchangeable [30]. Our model is illustrated in Figure 1 and
detailed in the following.

Toxicity
Communication issues

Confusing process

Low self-efficacy
Technical complexity

Moderator
Gender Minorities
v

Barriers

Extrinsic
Motivations

Interest to
Contribute to 0SS

Reciprocity

Internalized
Extrinsic

Har

Altruism (share knowledge)
Altruism (benefit society)

‘Control Variables

Involvement
OSSCourse with 0SS

Intrinsic
Motivations

Figure 1: Conceptualized PLS-SEM model.
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Motivation: The literature review by Von Krogh et al. [85] is a
comprehensive investigation of motivation in OSS since they aggre-
gated motivation factors found in 40 primary studies published until
2009. The authors grouped the motivation factors into ten main
categories, namely, Ideology, Altruism, Kinship, Fun, Reputation, Reci-
procity, Learning, Own-Use, Career, and Pay, which were organized
into extrinsic, internalized extrinsic, and intrinsic motivations. We
adapted questions from previous empirical studies [24, 25, 32, 42]
that investigated motivations for participating in OSS projects. In
our study, respondents self-assessed their perception of the pres-
ence of motivational factors to join OSS on a 5-point Likert scale
from 1 (strongly disagree) to 5 (strongly agree).

Barriers: Steinmacher et al. [73] identified barriers newcomers
face during their first attempt to contribute to OSS projects. Those
barriers emerged from a literature review on OSS newcomers and
interviews and questionnaires conducted with developers in differ-
ent stages of the OSS community joining process. We adapted our
questions from previous empirical studies [2, 27, 73] that examined
barriers in OSS projects. Our respondents self-assessed the barriers
they perceive in OSS on a 5-point Likert scale from 1 (strongly
disagree) to 5 (strongly agree).

Interest to contribute: Previous studies define interest as a
dimension that accounts for performance at individual level [6].
Our respondents self-assessed their interest in contributing on a
scale of 0 (not interested) to 10 (very interested).

Gender: We adapted questions from surveys used in OSS com-
munities to ask about gender [4, 24, 83]. For our analysis, we
grouped those who self-identified as women or non-binary under a
single category due to the small sample of non-binary participants
(0.8%). We assigned a code of 0 for males and 1 for minority groups.

Control variables: For the variable OSSCourse, we asked par-
ticipants a simple yes/no question: “Have you ever taken a course
about OSS?”. Regarding Involvement with OSS, we categorized par-
ticipants based on their responses to different questions. First, we
asked, “Have you ever contributed to an OSS project?”, participants
who answered no were classified as never contributed. For those
who answered yes, we followed up with the question, “Do you still
contribute to OSS projects?”. Those who responded no were classified
as dropped out, while those who responded yes were classified as
contributors.

3.2 Survey Design
The survey instrument was structured in three parts, described in
the following:

Part I (perceptions): In the first part of the survey, we collected
student perceptions of barriers and motivational factors. They were
also asked how they perceive OSS, with items that include mo-
tivations to join OSS projects and barriers reported in previous
studies [2, 24, 73]. Table 1 describes the constructs and the ques-
tions used in the survey. As mentioned above, we used a 5-point
Likert scale item for each indicator. The order of the items in each
multi-item scale was randomized to mitigate primacy and recency
effects [57]. Finally, participants were asked whether they were
interested in contributing to OSS projects with a ten-point scale
(ranging from 0—not interested—to 10—very interested).

Part II (contributing): Participants were asked whether they
had already contributed to OSS projects. This helped us classify
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Table 1: Constructs and their corresponding survey questions

Construct | Category

Item question

Toxicity 0SS is a toxic environment 1>

Communication issues

0SS is an environment in which it is difficult to communicate with other members =

35

‘Welcomeness

OSS is a welcoming environment for external contributors L35 (reverse coded)

Barriers Confusing process

It is difficult to understand how to contribute to 0SS I' 3>

Low self-efficacy

0SS is only for smart people > >

Time-consuming

Contributing to OSS is too time-consuming 3,5

Technical complexity 0SS is too technical and complex 1> >

Extrinsic ‘ Career [ Contributing to OSS increases job opportunities 2467
l Pay [ OSS is an environment in which it is possible to earn money “

Reputation Contributing to OSS can enhance developers’ reputation 2467
Internalized | Own-use OSS can be for working on software one needs for their professional or personal purposes %46
extrinsic Learning 0SS is a place in which people learn and improve their skills 2> > ©

Reciprocity 0SS members feel personally obligated to contribute because they use OSS products 2> ©

Fun OSS projects are fun environments 26

Kinship 0SS is a collaborative environment > ©
Intrinsic Altruism (share knowledge) | OSS is an environment in which people love sharing knowledge and skills and helping others >

Altruism (benefit society)

0SS provides software products that benefit society 2 7

Ideology

OSS software enables knowledge to be open and to limit the power of proprietary software
and large companies 2,6,

Interest to Contribute to OSS

How do you rate your interest in contributing to an OSS project?

T Adapted from Steinmacher et al. [73], Z Adapted from Gerosa et al. [24], 3 Adapted from Balali et al. [2], 4 Adapted from Hars and Ou [32]
5 Adapted from Guizani et al. [27], 6 Adapted from Lakhani and Wolf [42], 7 Adapted from Ghosh et al. [25]

respondents into three groups: (i) students who had never con-
tributed to OSS, (ii) students who had contributed to OSS but were
no longer active, and (iii) students who were active OSS contribu-
tors. Additionally, we included an open question asking what OSS
projects should do to make contributing more attractive to them.

Part ITI (demographics): Participants were asked to provide
information about their gender, age, major, year of study, country
of residence, and whether they have taken any courses about OSS.

Besides these three main sections, the survey includes a consent
page that outlines the purpose of the research, the confidential-
ity rules, the estimated time required to complete the survey, and
the researcher’s contact information. We have also incorporated
pre-screening validation questions to confirm that the participants
belong to the target population. For this purpose, we adapted ques-
tions from Danilova et al. [14]. Still, we included an attention check
question to ensure participants read the instructions carefully. Al-
though the item order was randomized, we did not change the order
of the question blocks to ensure a clear flow for all respondents.
Furthermore, we did not use URL tracking or collect any contact
information, to maintain participant anonymity. Our survey instru-
ment was provided in English and is included in the replication
package [21].

3.3 Data Collection and Analysis

Recruitment. We focused on increasing the sample’s size and di-
versity by recruiting participants using the prolific platform [56].
Prolific is a crowdsourcing platform and has more than 150,000
active users [60]. We conducted our survey using Prolific, consider-
ing the steps followed by some works that successfully recruited
participants using this platform [14, 60]. Prolific provides some
pre-screening questions to help to narrow down the relevant pop-
ulations. As our target population is computer science students,
we selected the following filters: (i) student status; (ii) education
level, filtered for undergraduate students; (iii) subject, filtered for
computer science and computing (IT); and (iv) programming skills.
At the time of the study, according to the Prolific information, we

had 1,316 matching participants active on the platform for the past
90 days. We included questions in our survey to confirm that par-

ticipants were part of our target population. Participants were paid
$3.0 (USD) through Prolific after completing the survey.

Filtering. We carefully reviewed and filtered our data to include
only valid responses. All responses passed the attention check
question, and none had the same choice for all Likert scale questions.
We removed participants who did not complete the entire survey (13
cases), who failed the prescreening questions (50 cases), and who
indicated they were no longer students (12 cases). Furthermore, we
analyzed the time to complete the survey to remove lower outliers
(0 removed). After filtering, we had 241 valid responses for analysis.

We conducted a power analysis using the G*Power tool [20]
to establish an appropriate sample size. Our model’s maximum
number of predictors is six (four latent variables and two control
variables). The calculation indicated a minimum sample size of 98—
our sample of 241 exceeded that number considerably. The effect
size was moderate f2 = 0.15, based on the PLS-SEM guidelines. We
specified PLS-SEM as the statistical test due to its suitability for
complex models.

Analysis. We used the SmartPLS (v4.1.0) software [71] for our
analyses. The analysis procedures for PLS-SEM consist of two main
steps, each involving specific tests and procedures. The first step
involves evaluating the measurement model, which empirically
assesses the relationships between the constructs and indicators
(see Section 4.1.1). The second step consists of evaluating the theo-
retical (or structural) model, which represents the hypotheses (see
Section 4.1.2).

Furthermore, we qualitatively analyzed participants’ comments
on the open question about what OSS projects should do to make
contributing to OSS more attractive. We employed a rigorous quali-
tative coding process, following open coding procedures [81]. The
process was conducted using continuous comparison and discus-
sion until reaching a consensus. Two researchers jointly analyzed
the sets of answers to establish common ground, discussing the ap-
plied codes and disagreements until reaching a consensus. Finally,
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a third researcher discussed the classification until reaching the
final outcome.

Demographics. Table 2 shows that most participants had never
contributed to OSS projects (70.5%), 10.8% contributed but dropped
out, and 18.6% were current contributors. Concerning gender dis-
tribution, most respondents identified as men (75.9%), followed by
women (22.4%), which is consistent with the general distribution
of students in the field. Regarding age, as also expected, a signifi-
cant portion of respondents were 24 years old or younger (68.4%).
The largest group was computer science students (44.8%), among
other computing-related fields. Respondents were fairly distributed
across their years of study, with juniors (32.8%) and seniors (29%)
making up the majority of the sample. Furthermore, we received
answers from diverse regions, but mainly from Europe (67.6%).

Table 2: Respondent demographics (N=241).

Profile Major
Never contributed | 70.5% | Applied computer science 5%
Dropped out 10.8% Computer engineering 9.9%
Contributor 18.6% | Computer science 44.8%
Gender Information systems 5.4%
Man 75.9% | Information technology 13.2%
‘Woman 22.4% Software engineering 11.2%
Non-binary 0.8% Other computing-related 10.3%
major/program
Prefer not to say 0.8% Year of Study
Age 1st year (freshman) 11.6%
24 or below 68.4% | 2nd year (sophomore) 26.5%
25 to 34 18.6% | 3rd year (junior) 32.8%
35 to 44 2.5% 4th or 5th year (senior) 29%
45 to 54 0.4% Continent of Residence
Prefer not to say 9.9% | Africa 16.5%
Asia 1.2%
Europe 67.6%
North and Central America | 13.2%
South America 1.2%

Replication package. Our replication package provides the
anonymized dataset, instruments, and scripts [21].

4 Analysis and Results
4.1 Factors associated with students’ interest

(RQ1)

To identify factors associated with students’ interest in contributing
to OSS, we analyzed our theoretical model, beginning with the eval-
uation of the measurement model (Section 4.1.1), followed by the
hypotheses evaluation within the structural model (Section 4.1.2).
We assessed the significance of our model using the protocol pro-
posed by previous research [29, 61]. The path weighting scheme
was estimated using SmartPLS 4 [67].

Our model comprises four exogenous variables: barriers, extrin-
sic, internalized extrinsic, and intrinsic motivation. Additionally,
the model incorporates the moderators Gender and the control
variables OSSCourse and Involvement with OSS. We hypothesized
that these exogenous variables are associated with the endogenous
variable Interest in contributing to OSS.

4.1.1 Evaluation of the Measurement Model. Some of the con-
structs in the theoretical model (see Figure 2) are modeled as latent
variables, meaning they are measured by multiple indicators (item-
s/questions on the survey). The first step in evaluating a structural
equation model is to assess the soundness of the measurement

of these latent variables—this process is known as evaluating the
“measurement model” [29]. The constructs Barriers, Extrinsic, Inter-

nalized Extrinsic, and Intrinsic comprise our formative measurement
model. We validated our model through the tests described below:
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Indicators collinearity. Unlike reflective indicators, which are
essentially interchangeable, high correlations are not expected be-
tween items in formative measurement models. High correlations
between two formative indicators demonstrate collinearity. The
variance inflation factor (VIF) should be less than 5 [30]. In our
model, all indicators had a VIF lower than the threshold (see Ta-
ble 3).

Indicator weights’ significant reliability. According to Hair
et al. [30], the bootstrapping analysis relies on the weight of in-
dicators (relative importance of the indicator) and the analysis of
their loadings (absolute importance of the indicator) to assess the
significance of each indicator. When an indicator’s outer weight is
nonsignificant, but its outer loading is relatively high (above 0.50),
it is generally advisable to retain the indicator. However, if an indi-
cator has a nonsignificant weight and an outer loading below 0.50,
researchers should evaluate the p-value of the outer loading to de-
termine whether the indicator should be retained or removed [30].
Using the recommendations of Hair et al. [30], we followed an
iterative process to evaluate the indicators of our constructs. We
removed indicators when their measurements were both insignif-
icant, as this suggested that the indicators were not relevant to
the construct. Specifically, two indicators from the construct in-
ternalized extrinsic (Own-Use and Learning) and two indicators
from the construct intrinsic (Kinship and Ideology) were removed.
Table 3 summarizes the results for the formative measured con-
structs. Note that the removed indicators are not shown due to the
iterative process since, with each indicator removal, the values are
recalculated.

4.1.2 Evaluation of the Theoretical Model. We now discuss
the evaluation of the theoretical model.

Assessing Collinearity. Our theoretical model includes four
exogenous variables: barriers and extrinsic, internalized extrinsic,
and intrinsic motivations. Additionally, the model incorporates the
moderators Gender and the control variables OSSCourse and Involve-
ment with OSS. We hypothesize that these exogenous variables are
associated with the endogenous variable Interest in contributing to
OSS. To ensure the independence of the four exogenous constructs,
we calculated their collinearity using VIF. To avoid collinearity prob-
lems, VIF values should be under 5.0 [30]. In the adjusted model, all
constructs have VIF values below this threshold, confirming that
collinearity is not a concern in our model.

Path coefficients and significance. PLS employs a bootstrap-
ping procedure to evaluate the significance of path coefficients.
This involves drawing a large number (typically five thousand) of
random subsamples with replacement [83]. Replacement ensures
that all subsamples have the same number of observations as the
original dataset, and the path model is estimated.

A standard error can be determined from the resulting bootstrap
distribution, which is used to make statistical inferences [30]. The
mean path coefficient determined through bootstrapping may differ
slightly from the path coefficient calculated directly from the sample.
The variability is captured in the standard error of the sampling
distribution of the mean. This approach allows for robust statistical
evaluation without relying on parametric assumptions. Table 4
presents the results for our hypothesis evaluations.
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Figure 2: Item loadings and path coefficients at p < 0.05 are shown with full lines; non-significant links with dashed lines.

Table 3: Formative constructs measurement model testing results.

. Outer weights p Value Outer weights | Confidence interval

Constructs Indicators ‘ VIF ‘ [Outer loadings] t Value [Outer loadings] 95% percentile

Toxicity 1.167 0.451 [0.714 2.456 0.014 [0 [0.026, 0.739]

Communication issues 1.227 0.329 [0.634 1.668 0.095 [0 -0.117, 0.664

Welcomeness 1.203 0.251 [0.581 1.276 0.202 [0 -0.216, 0.549

Barriers Confusing process 1.443 -0.013 [0.485 0.053 0.958 [0.009] -0.526, 0.451
Low self-efficacy 1.219 0.272 [0.574 1.241 0.215 [0.001] -0.188, 0.666

Time-consuming 1.375 0.248 [0.583 1.053 0.292 [0] -0.257, 0.652

Technical complexity 1.371 0.063 [0.467 0.251 0.802 [0.01] -0.423, 0.563

Extrinsic motivation [ Career [ 1005 [ 0856[0.889] [ 2956 | 0.003 [0.001] [ [-0.09, 1.004]
v | Pay [ 1005 | 0.46[0.521] [ 1224 ] 0.221 [0.153] | [-0.444, 0.988]

) o .| Reputation [ 1.007 T 0.812[0.855] [ 5223 ] 0 [0] [ [0.425, 0.999]
Internalized extrinsic motivation [ Reciprocity [T007 | 0521[0587] | 225 | 0.024 [0.01] I 1-0.044, 0.869]
Fun 1.207 0.919 [0.978] 10.469 0 [0] [0.698, 1.037]

Intrinsic motivation Altruism (share knowledge) | 1.289 -0.05 [0.375] 0.315 0.753 [0.006] [-0.349, 0.283]
Altruism (benefit society) 1.265 0.231 [0.518] 1.487 0.137 [0] [-0.074, 0.53]

The path coefficients in Figure 2 and Table 4 are interpreted as
standardized regression coeflicients, indicating the direct effect of
a variable on another [30]. Each hypothesis is represented by an
arrow in the diagram in Figure 2. For example, the arrow pointing
from Intrinsic motivation to Interest to contribute to OSS represents
H4. A positive path coefficient of 0.276 suggests that intrinsic moti-
vation is positively associated with an interest in contributing to
0SS, meaning when Intrinsic motivation increases by one standard
deviation unit, Interest to contribute to OSS increases by 0.276 stan-
dard deviation unit. The standard deviation represents the amount
of variation within a set of values.

Based on these results, we found support for hypotheses H3
(p = 0.041), H4 (p = 0.001), and H5b (p = 0.047). Among the two
control variables, only Involvement with OSS showed a significant
association with Interest to contribute to OSS (p = 0.007).

Coefficient of determination. We assessed the relationships
between constructs and the model’s predictive capabilities. The
coefficient of determination (R? value) is the most common measure
for evaluating structural models and defines the predictive accuracy
of the model [30]. In our model, the R? value for the endogenous
variable (Interest to contribute to OSS) was 0.239, as illustrated in
Figure 2. According to Russo and Stol [61], the software engineering
community has not yet reached a consensus on thresholds for R?
values as the value should be interpreted in light of the model

complexity and research discipline. Using the general guidelines
by Hair et al. [30] and Henseler et al. [35], this value is considered
weak-moderate.

We also inspected Stone-Geisser’s Q? value [80], which measures
external validity and indicates the model’s predictive relevance [30].
The Q? value can be obtained through a blindfolding procedure
available in the SmartPLS software. Blindfolding is a resampling
technique that omits certain data points, predicts the omitted val-
ues, and then uses the prediction error to cross-validate the model
estimates [82]. In our model, Q? values were calculated for Interest
to contribute to OSS, the reflective endogenous construct, yielding a
value of 0.16. According to the guidelines [29], Q? values greater
than 0 indicate the construct has predictive relevance. In contrast,
negative values suggest that the model does not perform better
than the simple average of the endogenous variable. A Q? value of
0.16 suggests that our model has predictive relevance.

The Standardized Root Mean Square Residual (SRMR) is a widely
used fit measure appropriate for detecting misspecification in PLS-
SEM models [61]. SRMR represents the square root of the sum of
the squared differences between the model-implied and empirical
correlation matrices, essentially measuring the Euclidean distance
between these two matrices [33]. An SRMR value of 0 indicates a
perfect model fit. In our analysis, the SRMR was 0.06, which falls
within the acceptable fit threshold of 0.08, as recommended by
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Table 4: Standardized path coefficients, standard deviations, confidence intervals, and p values.

Path Confidence Significance

Coefficients D ‘ Interval 95% ‘ tValue | pValue (p < 0.05)?
H1: Barriers — Interest in OSS -0.126 0.08 (-0.232, 0.066) 1.577 0.115 No
H2: Extrinsic — Interest in OSS 0.093 0.069 (-0.06, 0.215) 1.34 0.18 No
H3: Internalized Extrinsic — Interest in OSS 0.148 0.072 (0.008, 0.287) 2.043 0.041 Yes
H4: Intrinsic — Interest in 0SS 0.276 0.079 (0.126, 0.438) 3.472 0.001 Yes
H5a: Gender minorities X Barriers — Interest in OSS 0.005 0.18 (-0.328, 0.379) 0.03 0.976 No
H5b: Gender minoritiesX Extrinsic — Interest in OSS -0.332 0.167 (-0.689, -0.056) 1.991 0.047 Yes
H5c: Gender minorities X Internalized Extrinsic — Interest in OSS -0.199 0.174 (-0.486, 0.189) 1.146 0.252 No
H5d: Gender minorities X Intrinsic — Interest in OSS 0.2 0.17 (-0.128, 0.53) 1.181 0.238 No
0SSCourse — Interest in OSS [ 0.301 [ 018 | (-0.066,066) | 1616 [ 0.106 | No
Involvement with OSS — Interest in OSS | 0131 | 0048 [ (0.042,0229) | 2722 | 0.007 | Yes

Henseler et al. [34]. Therefore, our model demonstrates a good fit,
supporting the validity of the theoretical model.

Moderating factors. We examined our data to determine if the
impact of barriers, extrinsic motivations, internalized extrinsic mo-
tivations, and intrinsic motivations on the interest in contributing
to OSS varies by gender (i.e., men and minorities). We report only
the significant results at 0.05, with confidence intervals calculated
through bootstrapping.

The gender variable significantly moderates by reducing the
association between extrinsic motivation and interest to contribute
to OSS when being part of gender minorities, supporting the H5b
hypothesis. However, we did not find significant moderation of
gender on the association between the other constructs (Barriers,
Internalized extrinsic motivations, Intrinsic motivations) and Interest
in OSS. Therefore, our results do not support H5a, H5c, and H5d
hypotheses.

Control Variables. We also examined our data to determine
whether having a course or being a contributor affects the interest
in contributing to OSS. As expected, previous experience affects
interest. Being a contributor is associated with increased interest
with a significantly positive effect. We did not find a significant
association between having a course and interest.

Research Question 1 N

What factors are associated with students’ interest in contribut-
ing to an OSS project?

Answer: The factors associated with students’ interest in con-
tributing to OSS projects include (i) intrinsic motivation (H4
supported); (ii) internalized extrinsic motivation (H3 supported);
and (iii) gender moderation when perceiving extrinsic motiva-
tional factors (H5b supported). Additionally, students who are
currently contributing to OSS have a higher interest in contribut-
ing than students who never contributed and dropped out.

4.2 Students’ recommendations (RQ2)
To identify recommendations students have to make projects more
attractive, we adopted open coding in the survey responses. Table 5
presents the results of the analysis, categorized by their involvement
with OSS (i.e., never contributed, dropped out, and contributor).
Each recommendation category lists the number of responses with
their corresponding percentage of participants who suggested them.
Contribution process improvement. This category focuses
on enhancing the processes and resources facilitating student con-
tributions to OSS projects. The most frequently mentioned rec-
ommendation was to simplify the contribution process. The

feedback from students highlights the importance of providing
lightweight briefings and clear architecture, highlighted by P6’s
remark: “Have the code simplified and easy for people with less skills
to be able to help too.” Another recommendation was the need for
well-documented OSS projects. Key recommendations include
providing comprehensive architecture summaries. Moreover, stu-
dents indicated the need for detailed guides, including “getting
started” resources and lists of potential improvements. These were
highlighted as essential for new contributors to understand where
and how to begin. In addition, students indicated the need for prop-
erly structured README files and introductory documentation to
help new contributors understand the project’s architecture and
development environment, easing their onboarding process.

Students also consider that mentoring plays a crucial role in
attracting and retaining new contributors to OSS projects. Key
recommendations include providing clear support, standards, and
instructions and offering free training sessions focusing on junior
developers, as outlined by P66: “Having projects or groups that focus
on helping junior developers learn more and develop their skills and
guide them to how that specific project works would definitely attract
me.” Furthermore, other suggestions include guiding newcomers
on where to start, offering personalized tutoring, and combining
improved documentation with mentorship. Additionally, labeling
tasks could help to provide the skills required for each task, helping
newcomers assess whether they are ready to tackle specific issues.
In addition, students mentioned that providing clear guidance on
where to start would be important, allowing skill level selection
and creating job/task boards as indicated by “Put forward some
kind of job/task board with skill level required.” Likewise, creating
a user-friendly interface was also suggested by students that
highlighted the importance of making the interface more user-
friendly for beginners, providing quick explanations of interface
elements.

Gamifying the contribution process was also suggested to
enhance engagement and support for new contributors. Students
recommend implementing levels based on contributors’ knowl-
edge and understanding and creating fun challenges to make the
process more engaging, as highlighted by P40: “Make levels i.e.,
allow students to contribute based on their level of knowledge and
understanding.” Another recommendation was providing a chan-
nel to ask questions to facilitate the open dialogue among all
participants to help create a supportive community where contrib-
utors feel comfortable asking questions and sharing information as
mentioned by P170: “Having a more open dialogue between all the
participants.”



FSE Companion ’25, June 23-28, 2025, Trondheim, Norway

Santos et al.

Table 5: Students’ recommendations to make OSS projects more attractive.

Category [ Themes [ Never contributed (N=170) | Dropped out (N=26) [ Contributor (N=45)
Simplify the contribution process 32 (18.8%) 5(19.2%) 8 (17.8%)
Well-documented OSS project 12 (7.1%) 2(7.7%) 2 (4.4%)
— Mentoring 10 (5.9%) 1(3.8%) 1(2.2%)
E;’“;g‘i’:;“:;‘tlz;‘)’““ Tabel tasks 7 (4.1%) = 747
P User-friendly interface 2 (1.2%) 2 (7.7%) 4 (8.9%)
Gamify the contribution process - - 3(6.7%)
Provide a channel to ask questions 3 (1.8%) - 1(2.2%)
Encourage students 8 (4.7%) 8 (30.8%) 6 (13.3%)
Awareness and OSS Attractiveness is not a problem 15 (8.8%) - 4 (8.9%)
Outreach (4) Advertise the OSS projects 11 (6.5%) - 4 (8.9%)
Create welcome environment 11 (6.5%) - -
Create training projects 4 (2.4%) - 1(2.2%)
Training (3) Provide a study environment 4 (2.4%) 1 (3.8%) -
Introduce at university - 1 (3.8%) 5(11.1%)
I i d Provide financial compensation 12 (7.1%) 2(7.7%) -
Pncen 1vle.s atn o) Reward the contributors 9 (5.3%) 1(3.8%) 2 (4.4%)
ersonatization Aligned with personal interests 4 (2.4%) - -
Diversity and Inclusion (1) [ Be available in other languages [ 1(0.6%) [ - [

Awareness and outreach. Recommendations related to this
category include encouraging students through increasing the
popularity and awareness of OSS projects, academic benefits, job
opportunities, and social influence as highlighted by P20 “I would
need more friends doing them.” Moreover, we observed that for some
students OSS attractiveness is not a problem, indicating that
they find OSS projects inherently interesting and engaging. We also
found students who think OSS is not for them, as suggested by P55
“they are already attractive to me, it’s just that I don’t think I have
enough skills to contribute.” and P172 “I don’t think they “should” do
anything. OSS is mainly created & used by professionals, students are
not the target audience.”

Effective advertising of OSS projects was also seen as a way
to increase participation, with suggestions to make projects more
engaging through fun advertising, targeting lower skill levels, high-
lighting the benefits of contributing on resumes and professional
platforms as indicated by P147: “Promote it on sites like LinkedIn,
so students can add the information about the contribution to their
profiles.” Creating a welcoming environment by hosting events
and being more inclusive to new and inexperienced members was
also recommended.

Training. Students recommended that creating training projects
could be used as a strategy to attract and support new contributors
to OSS projects. Key recommendations include organizing begin-
ner training sessions, developing beginner-friendly projects with
detailed guides, grouping projects by difficulty, providing mentor-
ship, and designing skill development projects as mentioned by
P22: “Create projects that students could join and learn more and in-
crease their skills.” In addition, creating a supportive study environ-
ment appeared as crucial for encouraging students to contribute to
OSS projects. Key recommendations include developing beginner-
friendly tutorials and documentation. Furthermore, introducing
OSS projects within the university environment was highlighted
as a way to enhance students’ interest and participation.

Incentives and personalization. Students recommended the
importance of providing financial compensation as a motiva-
tor to contribute to OSS projects. Some recommendations include
organizing paid job offerings with remuneration for contributions
and pooling money for specific features. Other suggestions include
finding ways to monetize contributions, providing payments and
assistance for career benefits, and offering small financial incentives

as outlined in P197: “I think a lot of people don’t like to contribute to
OSS projects because they are not paid, maybe paying a little bit will
help to attract more people.” Moreover, rewarding contributors in
OSS projects can be an effective strategy to increase student partic-
ipation and engagement. Our findings include offering academic
advantages, enhancing the rewarding and fun aspects of contribut-
ing, recognizing contributors, and organizing prizes. Hence, raising
awareness about the impacts of contributing could attract more
students, as outlined by P64: “We should have more awareness about
what OSS projects entail and what my contributions will bring.” In
addition, aligning OSS projects with personal interests could
enhance student engagement and motivation to contribute.

Diversity and inclusion. Ensuring that OSS projects are avail-
able in other languages was mentioned as a way to enhance
inclusivity and accessibility, making it easier for non-English speak-
ers to contribute.

Research Question 2 N\

What recommendations do students have to make OSS projects
more attractive?

Answer: Simplifying the contribution process is the most men-
tioned recommendation to make OSS projects more attractive to
students who have never contributed. Other recommendations
include increasing awareness and offering academic benefits,
job opportunities, and social influence.

.

5 Discussion and Implications
We developed a theoretical model based on OSS literature to explore
the relationship between students’ interest in contributing to OSS
projects and various barriers and motivations. Our analysis reveals
key findings and implications, which we discuss in this section.
Internalized Extrinsic — InterestOSS (H3). Our results indi-
cated that Reputation (path = 0.812) and Reciprocity (path = 0.521)
are associated with more interest in contributing to OSS projects.
Our findings align with Lakhani and von Hippel [41], who found
that reciprocity motivates developers to perform routine tasks and
that those who have received help from others are more likely to
reciprocate as they gain experience and knowledge. Our research
extends these insights by showing that reciprocity, along with rep-
utation, not only motivates current contributors but also has the
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potential to attract new contributors, such as students, to join OSS
projects. This finding is related to student recommendations that
emerged in RQ2 (Subsec. 4.2), such as highlighted in P152 “Have in-
centives or certificates like how it is in hackathons.” (i.e., reputation).

Intrinsic — InterestOSS (H4). Intrinsic motivation is positively
associated with an increased interest in contributing to OSS projects.
Our results showed that Fun (i.e., path = 0.919) is the indicator that
has the strongest correlation with the intrinsic motivation con-
struct. Our findings are consistent with Lakhani and Wolf [40], who
identified intrinsic motivations as the most powerful drive for indi-
viduals contributing to OSS projects. However, unlike their focus on
existing contributors, our study highlights that for students—who
are often outsiders to these communities-motivations play a crucial
role in sparking their interest to join.

Additionally, our findings also align with the results in RQ2 (Sub-
sec. 4.2), where students suggested approaches linked to intrinsic
motivations, such as fun. For instance, recommendations to gamify
the contribution process and provide a user-friendly interface cater
to the motivation of fun.

Gender minorities X Extrinsic — InterestOSS (H5b). We
found support for gender minorities moderation by reducing the as-
sociation between extrinsic motivational factors and the interest in
contributing to OSS projects. Extrinsic motivations in OSS develop-
ment impact task effort in various ways, influenced by the needs for
competence, autonomy, and relatedness [39]. Our findings showed
significant negative moderating effects of gender on the relation-
ship between extrinsic motivations and interest in contributing to
OSS. This suggests that extrinsic motivations have less influence
on minority groups compared to males, possibly due to different
perceptions or the greater importance of other factors for minori-
ties. Zaccone and Pedrini [92] examined the relationship between
individual motivation—both intrinsic and extrinsic—and learning
effectiveness, also considering the moderating role of gender. Their
findings indicate that intrinsic motivation positively affects learning
effectiveness, while extrinsic motivation negatively impacts it. Sim-
ilar to our study, their results show that gender plays a moderating
role. In common, these results are aligned with literature suggest-
ing gender differences in interacting with technology: women are
motivated by what they can accomplish with it, while men are often
motivated by their enjoyment of technology itself [8, 9, 45]. These
gender differences can influence students’ varying interests in in-
teracting with OSS projects. Furthermore, as many companies, such
as Microsoft, Google, and IBM, actively hire or sponsor OSS con-
tributors [50], career ambitions and financial compensation have
emerged as prevalent extrinsic motivations [68]. Career (i.e., path
= 0.856) shows a stronger correlation than Pay (i.e., path = 0.460).
This result corroborates Jeffrey et al. [59]’s findings that paid par-
ticipation and status motivations in OSS developers lead to higher
contribution levels, improving performance rankings. Moreover,
Lin et al. [44] also report that career concern motivates individuals
to contribute to online collaboration communities, signaling their
qualities to potential employers.

Our findings RQ2 (Subsec. 4.2) uncover strategies recommended
by students. Students recommend strategies related to extrinsic
motivations such as pay (i.e., providing financial compensation)

and career advancement (i.e., rewarding the contributors). Future
work can investigate how these strategies might affect students’

interest in participating in OSS.
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In addition, Gerosa et al. [24] suggest that contributors often shift
from extrinsic to intrinsic motivations over time. Therefore, they
advocate that OSS communities should invest in extrinsic motiva-
tion initiatives to attract new contributors [24]. They recommend
that coursework and summer coding programs, such as Google
Summer of Code, can be valuable entry points for OSS involvement.
However, we did not find an association between coursework and
interest in contributing to OSS.

Barriers — InterestOSS (H1). Our analysis does not support
H1, suggesting that motivations may play a more significant role in
students’ interest in contributing to OSS projects than the percep-
tion of barriers in OSS. This may also explain why we did not find
significant support for H1, as barriers are typically encountered by
those already involved in OSS rather than by potential newcomers
who have yet to experience them firsthand. This implies that while
challenges exist, the driving factors behind students’ willingness to
engage in OSS are primarily rooted in their motivations.

Involvement with OSS — Interest in OSS. Our findings indi-
cate that current contributors exhibit a significantly higher interest
in continuing to contribute to OSS projects, which could suggest a
sustained engagement among those who have already overcome
initial barriers. This finding aligns with the literature that once
individuals become active contributors, they develop a deeper com-
mitment to OSS participation that could be related to having higher
access privileges and higher status and peer recognition in the
community, and therefore enjoy greater benefits [18]. Since Involve-
ment with OSS was positively associated with interest, it is crucial
to understand what drives current contributors to remain engaged.
Investigating these factors could provide insights into how to retain
new contributors and help them navigate the initial challenges of
OSS involvement.

Implications for OSS communities to attract newcomers.
Steinmacher et al. [77] proposed a joining model in which they
represent motivation and attractiveness as forces that influence
outsiders to become newcomers to the OSS project and barriers
as opposing forces. Even though students suggest making the con-
tribution process as straightforward as possible, providing clear
and easy-to-understand architectural documentation, reducing the
intimidation newcomers feel, and making it easier for them to start
contributing, our results show that motivation is a stronger predic-
tor of interest than barriers. Therefore, highlighting the benefits
of contributing, focusing on intrinsic and internalized extrinsic
motivations could enhance attractiveness.

Implications for educators. Familiarizing students with the
OSS contribution process is becoming more common [55]. Con-
tributing to a real project helps students gain real-life experience
and allows them to add this experience to their resume, which aids
them in securing jobs. Educators can implement strategies such as
gamifying the contribution process to effectively engage students
by tapping into their intrinsic motivation for fun. This approach
aligns with students’ suggestion to “make levels, i.e., allow students
to contribute based on their level of knowledge, which encourages
active participation.

Implications for research. The significant negative modera-
tion effect of gender on the relationship between extrinsic motiva-
tions and interest in OSS participation highlights the importance
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of exploring how different demographic groups are influenced by
motivational factors. Future research should investigate other mod-
erating variables, such as cultural background and educational level,
to better understand what drives or hinders interest across diverse
groups. Longitudinal studies could provide valuable insights into
how motivations and barriers evolve over time, particularly for
students, and how these factors influence long-term OSS engage-
ment. Future research should examine how design elements and
community practices in OSS projects impact inclusivity.

6 Threats to Validity

External Validity. As detailed in Section 3, we recruited partic-
ipants using Prolific, which may introduce inherent biases. Con-
sequently, our conclusions are specifically valid for our sample.
Future research should aim to obtain a larger sample to enhance
the generalization of the findings.

Internal Validity. Our model comprises four exogenous vari-
ables: barriers, extrinsic motivation, internalized extrinsic motiva-
tion, and intrinsic motivation. It also includes “Gender” as a mod-
erator and “OSSCourse” and “Involvement with OSS” as control
variables. While our study highlights these key factors associated
with the interest in contributing to OSS, we recognize that other
variables may also play significant roles. Our findings serve as a
foundation for future research to explore additional associations.

Construct Validity. We adapted and customized existing mea-
surement instruments for various constructs based on established
OSS literature. Additionally, we piloted the study to gather feed-
back on our instrument, mitigating potential threats to its validity.
These iterative pilots allowed us to refine and validate our survey,
ensuring its effectiveness and reliability in accurately capturing
the intended constructs. Furthermore, our analysis of the measure-
ment model verified that these constructs demonstrated internal
consistency and achieved satisfactory results in both convergent
and discriminant validity tests.

Subjectivity. We employed qualitative procedures to classify
responses to the open-ended questions, which are inherently sub-
ject to interpretation bias. We adopted a multi-faceted approach
involving collaboration among multiple researchers to mitigate
this potential bias. The team engaged in continuous comparative
analysis and reached conclusions through a process of negotiated
agreement. Each team member brings extensive experience in qual-
itative methods and OSS, enhancing the robustness of our analysis.

7 Related Work

In this section, we present studies related to newcomers, motiva-
tions to contribute, and students’ perceptions of OSS projects.
Newcomers in OSS. Newcomers face several barriers in OSS [65,
74, 78], which may lead to high dropout rates [79]. Previous studies
have examined the process of newcomers joining community-based
OSS projects, offering valuable insights into the factors influenc-
ing their experiences within OSS communities [12, 52, 77, 79, 89]
and identified software solutions that facilitate the onboarding of
newcomers in software projects [63]. For example, factors such
as project popularity, review time for pull requests, project age,
programming languages, and problem-solving styles affect the on-
boarding of new contributors in OSS projects [23, 64]. Understand-
ing these factors helps project maintainers optimize their strategies
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for onboarding new contributors. The project type is a factor that
impacts underrepresented groups. Women are more likely to se-
lect OSS projects for social good (OSS4SG) than men [19], and
students contributing to OSS4SG projects are significantly more
likely to have contributions accepted by their communities. Our
study stands out from existing literature by focusing on developing
a theoretical model that elucidates the relationship between stu-
dents’ perceptions of OSS and their interest in contributing to OSS
projects.

Motivations to contribute to OSS projects. According to
Gerosa et al. [24], motivation to contribute to OSS was extensively
studied. Considerable research has been dedicated to understand-
ing motivations for joining OSS [32, 59, 85]. These studies exam-
ined specific communities [13, 72] and various contributor profiles,
including newcomers [31], one-time code contributors [43], and
students [70]. Prior research indicates multiple factors influence an
OSS contributor’s decision to join, remain, or leave a project [38, 77].

Students perceptions. Holmes et al. [36] explored students’
perceptions of contributing to OSS, finding that students valued
the opportunity to apply their skills to real-world tasks and receive
authentic feedback from project maintainers. Similarly, Pinto et
al. [54] examined students’ views on the requirement to contribute
to an OSS project as part of a Software Engineering course, offer-
ing insights into how these experiences shape their learning and
engagement. Differently from previous work, we have investigated
the factors associated with students’ interest in contributing to
OSS projects. Understanding these factors can lead to developing
strategies to attract students to the OSS workforce.

8 Conclusion

Our study identified several key factors driving students’ interest
in OSS. Intrinsic motivation emerged as a strong influencer. Inter-
nalized extrinsic motivation also played a significant role. Interest-
ingly, the impact of extrinsic motivation varied by gender, positively
affecting males but negatively influencing minority groups. Our
model can aid researchers and community leaders in designing tar-
geted interventions by highlighting the factors influencing students’
interest in OSS. Furthermore, students provided recommendations
to enhance the attractiveness of OSS projects. They emphasized the
need to simplify the contribution process, increase awareness, and
offer academic and job-related benefits. Other strategies include
providing mentoring, rewarding contributors, creating a welcom-
ing environment, and aligning projects with personal interests. In
future work, we aim to design interventions that make OSS projects
more attractive to students and developers in general.
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