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Abstract. To better understand the nature of the software developer
community in Germany, an open data set of 2,837 responses collected
through the Stack Overflow Developer Survey was analyzed. Cluster
analysis identified four sub-groups that were characterized by signifi-
cant differences in sociodemographic variables, programming experience
and software development specialization: the web developer (25%), the
junior developer (26%), the senior developer (39%), and the research
developer (10%). Cluster characteristics were associated with differences
in experienced community membership, frequency of Stack Overflow vis-
its and participation in Q&A. Senior developers with the highest level of
coding experience reported the overall strongest community engagement,
while research developers visited Stack Overflow least often. A positive
moderate relationship between community membership and community
visits and community participation provided additional evidence for the
importance of the sense of (virtual) community as a psychological driving
factor of community engagement. Together, these findings can contribute
to developing more targeted training and community-building measures.

Keywords: software developer - virtual community - personas -
cluster analysis

1 Introduction

Software engineering is a dynamic, evolving field with continual advancements in
technologies, methodologies, and best practices. At the core of this evolution are
the software developer communities that provide a platform for sharing knowl-
edge and learning about technological advancements. These communities refer
to a collective of individuals and organizations involved in the creation, develop-
ment, use, and maintenance of software. Various forms of communities, includ-
ing open-source software communities [55], local meetups [22], and members
of knowledge platforms or portals [16,23], provide opportunities for knowledge
exchange, which is crucial for software engineers to stay updated and competi-
tive. In addition, they are crucial for software engineers aiming to stay abreast of
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technological advancements, find mentorship, collaborate, and build supportive
networks [6,27].

Recent research underscores the significance of diversity within these commu-
nities. Studies indicate that understanding the composition of a community and
promoting engagement and inclusion is essential to creating supportive, sustain-
able, and vibrant communities [25,38,45]. Semi-structured interviews, for exam-
ple, highlighted that inclusion and diversity in terms of gender, ethnicity, disabil-
ities, and age foster creativity [?]. Also, workforce diversity positively impacts
on organizational competitiveness by increasing employee skills and talent, with
a moderately positive relationship between age diversity and employee perfor-
mance [52]. Furthermore, literature reviews showed that women’s participation
in open-source software (OSS) and the demographics of software development
teams have a positive impact on community engagement [50], while especially
increasing age diversity has a positive effect on company productivity if the
company engages in creative rather than routine tasks [52]. Studies like these
demonstrate how diversity regarding demographic characteristics and individual
skills within a community significantly influences its quality.

In the realm of tool development for software engineers, the emphasis on
understanding the community’s diverse needs is also of paramount importance.
The variety of tools used by developers reflects the diversity of their tasks,
skills, and preferences [13]. By tailoring tools to meet these varied requirements,
both functional and non-functional, the productivity and efficiency of develop-
ers can be significantly improved [26,47]. By understanding the community and
its needs, working tools can be better adapted to requirements [20]. This can
increase developer productivity and efficiency [9,11]. In general, creating efficient
and effective software tools and workplaces benefits from studying users’ needs
and requirements [10]. One popular method to model different user types is con-
structing personas [30]. Personas are fictional characters representing common
types of users and typically consist of a name, usually a photo, and demographic
characteristics, skills, and abilities [5]. Designers, developers, and human factors
experts apply them to get a clearer understanding of the target group they are
designing products and workplaces for [8,12,28,34]. While in practice, personas
are often developed qualitatively or purely on the basis of subjective perception,
there are already the first successful approaches to taking quantitative data into
account [40,41]

Given the critical role of diversity in fostering robust software engineering
communities and the necessity of grasping user groups’ diverse needs for effec-
tive tool development, a detailed examination of the current state of the software
developer community, in particular in Germany, is imperative. This study aims
to decode the diversity within this community through exploratory cluster anal-
ysis, seeking insights into how demographic characteristics, individual skills, and
diversity factors influence community culture, engagement, and the potential for
innovation.
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2 Related Work

The following section provides an overview of research related to software engi-
neering communities in Germany: the community characteristics, the role of
diversity in software engineering in general, and its specific impact on this dis-
cipline. The aim is to get a clearer picture of how diversity is shaped within the
German software engineering community and what impact this has.

2.1 Software Engineering Communities in Germany

In Germany, the importance of software engineering is increasing due to ongoing
digitization. In 2022, the IT segment in Germany was the most profitable, with
a turnover of around 46 billion euros, followed by the hardware and software sec-
tors. Currently, there are over 90,000 companies in the IT industry with around
1.1 million employees. Nearly 35.5 billion euros were generated with software
products in Germany in 2022'. The largest software companies include SAP,
with an annual turnover of 24.71 billion euros in 2018, and DATEV, with 978
million euros in 2017, and Software AG, with an annual turnover of 879 million
euros in 2017 [3]. But also many small and highly specialized software compa-
nies are based in Germany, for example, in the environment of groups in the
automotive industry?.

Software engineering takes place not only in industry but also in the research
sector. While software engineering in research was largely overlooked for a long
time, currently there are increasing efforts, for example in Germany, the Nether-
lands and the UK, to build a lively and growing research software engineering
community. In contrast to previous work on software engineering, there is far
more work in research software engineering that focuses on German samples.
Analysis of data based on workshop participation [43,44] showed, for example,
that the software development community of the DLR? consists of a growing
core group regularly joined by new participants. Both software engineering and
research software engineering communities consist of individual groups emerg-
ing or consolidating each other primarily through international platforms and
national as well as international associations.

One of the largest and best-known platforms where software engineers, as
well as research software engineers, can ask and answer questions to solve pro-
gramming problems is Stack Overflow?. The asked questions and answers can
be viewed by anyone registered, while all its content is licensed under Creative
Commmons. Additionally, registered users of the platform are able to rate given
answers so that they can be ranked and displayed accordingly. As an inter-
national platform, it has over 14 million registered users. In one study, data
visualization was applied to gain insights into the international community of

! https://de.statista.com /themen /1373 /it-branche-deutschland /#topicOverview.
2 https://www.wlw.de/de/inside-business/aktuelles/deutsche-software.

3 www.dlr.de.

4 www.https:/ /stackoverflow.com/.
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Stack overflow and their development over time and to identify sub-communities,
their sizes, and tools used by each community. The authors identified the web
development community as the biggest and most persistent one over time. In
general, community members exhibit low fluctuation rates between identified
sub-communities [51]. In addition, Srba and Bielikova [48] concentrated on iden-
tifying groups based on individual skills and behavior. Publicly available data
on user activity was used to study the quality of contributions over time, con-
sidering how knowledgeable users were. Results indicated that when more low-
quality content was posted-particularly by users who frequently ask questions
without looking for answers first (known as “help vampires”), beginners who ask
many basic questions (“noobs”), and users who answer many questions to gain
reputation (“reputation collectors”)-this lead to higher turnover rates in the com-
munity. Similarly but more in-depth, Anderson and colleagues [4] investigated
that a strong relationship between the key characteristics of a question and its
answers have a long-term value for a community.

Stack Overflow studies that focus more on individual factors primarily look
at behavior in relation to human factors such as personality and gender. Ahmed
and Srivastava [2], for example, showed that community members preferred to
answer to a person from the same locality or gender. Previous work on the Stack
Overflow community has very often considered the use of technical tools, the
identification of sub-groups in the community, and the behavior of these sub-
groups, as well as the quality of content and its impact on the community as a
whole. Although initial studies show the influence of demographic characteristics
such as origin or gender, there is a lack of detailed consideration of other diversity
factors, particularly for the German developer community.

Like Stack Overflow, GitHub? is a popular community platform where espe-
cially open-source developers can exchange ideas and share their projects. This
platform is often used to investigate the underlying community due to its exten-
sive data set, but when interpreting the results, it must be borne in mind that
this is a very technical user group [24]. On the other hand, GitHub data was
used to examine collaboration in communities and teams. For example, to look at
their development over time and to examine the influence of certain actors within
a community on a development project in more detail [18]. The research utilizes
GitHub data to explore how stakeholder involvement contributes to developing
innovative solutions for environmental issues, emphasizing the critical role of
community structures that facilitate effective communication and collaboration
[31]. Similarly, Moutidis and Williams [32] conducted a study on Stack Overflow,
identifying significant communities, examining the technologies these communi-
ties are interested in, and how they connect and evolve over time. These studies
highlight the utility of data from large developer platforms like GitHub and Stack
Overflow, offering insights into global software development practices. However,
the focus on code(ing) of the GitHub platform naturally leads to corresponding
data, analyses of which are less likely to provide knowledge about human char-
acteristics, behavior, or diversity factors within the community. Consequently,

5 www.github.com.
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research specifically targeting the German developer community is limited, with
only a few small-scale studies focusing on research software engineers. This gap
points to a potential area for further research to better understand the engage-
ment and contributions of the German developer community on these platforms.

Software engineering and developer communities in Germany are not only
shaped by companies, research institutions, and international platforms but
also by non-profit professional organizations. Notably, in Germany, organiza-
tions such as the Society for Informatics (Gesellschaft fiir Informatik, GI)®, the
Bundesverband IT-Mittelstand e.V. (BITMi)?, which represents over 2,500 IT
companies, play a significant role. The GI, in particular, has implemented robust
initiatives to foster equal opportunities and gender equality both within its ranks
and in the broader community GI [15]. However, up to now, their and other inves-
tigations of diversity in the developer community in Germany have concentrated
on the proportion of women and girls in computer science education [42,46|. The
actions of the German research software engineering community signify a piv-
otal shift, bridging the focus on diversity initiatives by professional organizations
such as the GI and BITMi with broader academic and research practices. This
advocacy has culminated in the German Research Foundation (DFG) revising
its guidelines to acknowledge software development on par with traditional aca-
demic outputs. The development of the German software developer community
had already been strengthened years before by the founding of the “Distributed
Competence Centers for Software Engineering (ViSEK)” [19]. This project con-
centrated on intra- and inter-organizational learning in the software industry by
building communities among software engineers through an internet portal and
a regional network of SMEs.

Analyzing interactions and contributions on platforms like GitHub or Stack
Overflow can offer insights into the collaborative dynamics and diversity of the
software engineering community [48,51]. Leveraging open data sets related to
software development projects allows for the examination of team composi-
tion, contribution patterns, and project outcomes in relation to diversity factors
[48,51]. Employing data visualization techniques can help in identifying pat-
terns and trends related to diversity within software engineering, facilitating a
deeper understanding of its impact [51]. Conducting case studies on specific soft-
ware engineering teams or projects can provide detailed insights into how diver-
sity influences team dynamics and project success [48]. These qualitative and
quantitative approaches allow for a nuanced exploration of diversity within the
software engineering community, enabling the identification of unique diversity
clusters and the analysis of their influence on software development practices. By
applying these methodological approaches, researchers can decode the complex-
ities of diversity within the German software developer community, contributing
to a richer understanding of its impacts and benefits in the field of software
engineering.

5 www.gi.de.
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In summary, the German software engineering community is shaped by the
national software engineering industry, research institutes, and professional and
industry associations. Efforts to build German communities have been and are
currently being made by public research funding as well as research software engi-
neering initiatives or associations. Investigations of the German software engi-
neering community are sparse and lack generalizability. The present work aims,
therefore, to explore the diversity within the German software developer com-
munity through exploratory cluster analysis. By examining demographic charac-
teristics, individual skills, and diversity factors, we seek to provide insights into
how these elements influence community culture, engagement, and the potential
for innovation. Our analysis contributes to a deeper understanding of the com-
position of the German software developer community, offering implications for
fostering more inclusive, engaging, and productive communities in the software
engineering field.

3 Materials and Methods

3.1 Stack Overflow Developer Survey

To improve our understanding of the different backgrounds and development
tools of German developers, an open-access data set, resulting from the annual
Stack Overflow Developer Survey®, was analyzed. The survey was conducted
from mid-May to the beginning of June 2022 and mainly advertised through
Stack Overflow channels.

The complete data set contained responses to questions on (1) Basic Infor-
mation about participants, e.g. “Which of the following options best describes
you today? Here, by ‘developer’ we mean ‘someone who writes code’.” with the
response options “I am a developer by profession”, “I am not primarily a devel-
oper, but I write code sometimes as part of my work”, “I used to be a developer
by profession, but no longer am”, “I am learning to code”, “I code primarily
as a hobby”, “None of these”; (2) Education, Work, and Career, e.g. “Which of
the following describes your current job?” with response options such as “Aca-
demic researcher”, “Data or business analyst”, “Developer, full-stack”, “DevOps
specialist” or “Project manager”; (3) Technology and Tech Culture, e.g. “Which
programming, scripting, and markup languages have you done extensive devel-
opment work in over the past year?” with multiple response options; (4) Stack
Overflow Usage and Community, e.g. “Do you consider yourself a member of the
Stack Overflow community?” with response options ranging from “No, not at
all” to “Yes, definitely”; (5) Demographic Information, e.g. “What is your age?”;
(6) Professional Development, e.g. “Are you an independent contributor or peo-
ple manager?”; and (7) Final Questions about the survey, e.g. “How do you feel
about the length of the survey this year?” from 73,268 participants.

8 https://insights.stackoverflow.com /survey /.
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3.2 Participants

For our analysis, we selected responses from participants who indicated Ger-
many as their current place of residence, resulting in an initial sample of 5,395
participants. Responses were excluded if participants were under 18 years old or
had skipped any of the survey questions essential to the cluster analysis, which
resulted in a final sample of 2,837 participants. Missing values were not replaced
as the number of missing responses was substantial (46%), and the reduced data
set was thought to be still large enough to meet the sample size standards rec-
ommended for cluster analysis. Recommendations that depend on the number
of clustering variables vary from a minimum of 10-100 times the number of clus-
tering variables [39], which would here correspond to a minimal sample size of
50-500 survey participants.

3.3 Data Preparation and Analysis

Prior to analysis, data were encoded and transformed into new variables where
necessary. The original response option “I am a developer by profession” (see
3.1) was encoded as “yes”, and all other response options in this question as “no”.
To reduce redundancy in the cluster analysis, the original twenty-nine individ-
ual developer jobs were summarized as higher-order categories, describing the
primary focus or context of software development: “Development and program-
ming”, “Data and analytics”, “Infrastructure and operations”, “Management and
leadership”, “Education and research” or “Student”. Response options to multi-
ple choice questions were included in the analysis as separate variables with a
dichotomous response format (“yes”/“no”). Ordinal categorical data were numer-
ically encoded. For the cluster analysis, all numerical data were z-standardized
and nominal data were encoded using one-hot encoding.

The prepared data set was then subjected to cluster analysis. Cluster analysis
is a procedure typically used in market research to identify different consumer
types [39]. Here, it was used to identify sub-groups within the German developer
community and to characterize them in terms of sociodemographic aspects, use
of tools and technology, and their involvement in the Stack Overflow community.
Cluster analysis aims to increase the homogeneity within groups while increasing
the heterogeneity between groups. As software development plays a crucial role in
different areas of industries and academia, we expected to find multiple clusters.

The selection of clustering variables included socioeconomic variables, namely
level of education level and yearly income, employment as professional soft-
ware, coding experience in years, and the development context. To determine
the appropriate number of clusters, the elbow method and a dendrogram were
used. As k-means clustering can be problematic with nominal data [7], hier-
archical clustering was applied using Ward’s algorithm and Gower’s distance.
Gower’s distance has the advantage that it combines Manhattan distance for
numeric data and Dice distance for nominal data. When computing Gower’s
distance, the variables “Level of education” and “Developer by profession” were
included with double weight to account for their importance. Conversely, the six
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variables related to “Development context” were weighted with 1/6 to account
for the fact that they were actually response options of the same multiple choice
question.

To cross-validate and further explore our clustering results, the same analysis
was repeated on another country-based sample from the Stack Overflow data
set. The sample for cross-validation was chosen from the list of top ten countries
with a focus on appropriate sample size and relative cultural similarity to the
German sub-sample. Interpretation of the resulting clusters was finally based on
descriptive statistics of the clustering variables and a comparison of the clusters.
To test for cluster effects and differences in the clustering variables between
clusters, one-way analysis of variance (ANOVA) and pair-wise comparison using
Tukey’s HSD were employed.

In addition to the analysis of sociodemographic variables, we visualized the
use of different programming languages and other software development tools to
better interpret the clusters. For programming languages, we looked at differ-
ences in use (> 1%) for each clusters compared to the total sample to identify
languages that were particularly prominent in these clusters and for develop-
ment environments, frameworks and libraries, version control systems and other
developers tools we visualized the relative frequency of use as radar charts to
compare profiles of developers from different clusters.

As we were interested in how involved the identified developer sub-groups were
in the Stack Overflow community, we analyzed the relationship between coding
experience, as one of the defining clustering variables on the one hand, and the
subjectively assessed level of community membership (responses ranging from -3
- “No, not at all” to 3 - “Yes, definitely”), the frequency of visiting Stack Overflow
(responses ranging from 1 - “Less than once per month or monthly” to 5 - “Multi-
ple times per day”) and the frequency of participating in Q& A on Stack Overflow
(responses ranging from 0 - “Never” to 5 - “Multiple times per day”), as parame-
ters of the community involvement on the other hand. To determine the strength
and direction of the relationship we used Pearson’s correlation coefficient. Differ-
ences in the community variables between cluster were analyzed using ANOVA
and pair-wise comparison tests (Tukey’s HSD). As a last measure of community
involvement differences, we compared the proportions of developers who indicated
to have a Stack Overflow account for each cluster to the total sample using x? test.
As the time spent in the community correlates positively with the sense of com-
munity [33], we expected to find a positive relationship between coding experience
and community membership. Several studies have shown that the sense of com-
munity [29] is a driving factor of community engagement, e.g. [35,37]. Other stud-
ies have shown that the sense of community, usually discussed in the context of
neighborhood communities, also plays a crucial role in virtual communities [1,14].
Therefore, we also hypothesized a positive relationship between community mem-
bership, as one aspect of the sense of community, and the frequency of visiting
Stack Overflow and participating in Q&A.

Data preparation and analysis were carried out using Python (3.9) and the
following libraries: Pandas (2.0.3) [49], NumPy (1.25.1) [17], SciPy (1.11.1) [53],
Scikit-learn (1.3.0) [36], Matplotlib (3.7.2) [21] and seaborn (0.13.0) [54].
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4 Results

4.1 Sample Characteristics

The final sample consisted of survey responses from 2,837 participants, who
mostly identified as men (95%). Half of the participants (50%) were between 25
and 34 years old, and the majority (66%) had a Bachelor’s or Master’s degree (see
Table 1). The Dutch sub-sample, that was used to cross-validate the results of the
cluster analysis, had similar characteristics (see Table 2). Similar to the German
sample, most participants included in the Dutch sample (n=885) identified as
men (93%). Half of the participants (50%) were between 25 and 34 years old,
and the majority (75%) had a Bachelor’s or Master’s degree.

4.2 Cluster Analysis

Elbow method and dendrogram suggested three, four or even five clusters. The
four-cluster solution was chosen to obtain clusters as homogeneous as possible
without over-fitting (the fifth cluster reduced the within-cluster sum of squares
only marginally). The cluster analysis (Ward’s algorithm, Gower’s distance)
showed that the German Stack Overflow developer community could be sep-
arated into four characteristic groups (Table1). Of these four clusters, three
clusters consisted of professional developers, Cluster 1, 2, and 3, which were
distinguished by a different level of education, ranging from developers mostly
likely trained as “Fachinformatiker:in” (IT specialist without a university degree)
in Cluster 1 over developers with a Bachelor’s degree in Cluster 2 to developers
with a Master’s degree in Cluster 3, and a working context strongly focusing
on “Development and Programming” as well as “Infrastructure and operations”.
Developers of Cluster 4, on the other hand, had a more diverse educational
background and were less specialized regarding the context of software develop-
ment but had a strong focus on “Education and Research” as well as “Data and
Analytics”. Similar results were obtained for the Dutch sample (Table 2)

A one-way ANOVA showed a significant difference in programming experi-
ence across clusters, F'(3, 2833) = 32.72, p < .001. Developers of Cluster 3 had
an on average higher programming experience (see Table 1) than developers of
all other clusters (p < .001 for comparison with Cluster 1 and Cluster 2 and
p = .006 for comparison with Cluster 4) and developers of Cluster 4 had sig-
nificantly more programming experience than those of Cluster 2 (p = .004; p
> .05 for all other comparisons). The income was also found to be significantly
different across clusters, F'(3, 2833) = 34.89, p <.001, and developers of Cluster
3 had the highest income (p < .001 for all comparisons), while the other clusters
did not differ significantly (p > .05 for all comparisons). Similarly, there was
a big difference in terms of educational level, F(3, 2833) = 3982.28, p < .001.
Developers of Cluster 1 had a significantly (p < .001) lower level of education
(M = 1.67, SD = 0.68) than developers of Cluster 2 (M = 4.00, SD = 0.00),
Cluster 3 (M = 5.10, SD = 0.40) and Cluster 4 (M = 4.34, SD = 1.55). The
level of education was lower for Cluster 2 compared to Cluster 3 and 4 (p < .001
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Table 1. Sociodemographic characteristics of participants from Germany

Total | Cluster 1 | Cluster 2 | Cluster 3 | Cluster 4
n 2,837 | 696 739 1105 297
Developer by profession (%)
Yes 90 100 100 100 0
No 10 0 0 0 100
Years of coding experience
M 15.63 | 14.77 13.60 17.53 15.66
SD 8.93 ]9.12 7.63 9.01 9.78
Level of education (%)
Finished school 12 43 0 0 9
College/university without degree 12 45 0 0 10
Associate degree 3 12 0 0 1
Bachelor’s degree 29 0 100 3 18
Master’s degree 37 0 0 84 40
Doctoral degree 7 0 0 13 22
Context of software development (%)
Data & analytics 13 6 7 17 29
Development & programming 87 96 95 90 35
Education & research 21 16 14 19 57
Infrastructure & operations 30 32 26 29 39
Management & leadership 16 15 14 15 29
Student 1 2 2 0 4
Income (USD)
Median 69,318 | 58,654 65,053 76,783 63,986
IQR 36,259 | 34,126 29,860 31,995 39,458
Age (%)
18-24 years 10 22 12 2 6
25-34 years 50 43 60 48 51
35-44 years 29 24 22 36 27
45-54 years 8 7 11 10
55-64 years 3 3 3 4
>65 years 0 0 0
Gender (%)
Man 95 94 95 95 94
Other 2 4 2 4
‘Woman 4 4 4 4
Accessibility (%)
Differences in the ability to hear or see 2 3 1
Differences in the ability to type, walk or stand | 0 0 0
None of the above 97 96 98 98 98
Psychological or neurological differences (%)
Affective disorder 10 20 10 6 8
Anxiety disorder 6 11 6 4 5
Neurodiversity 12 19 12 8 12
None of the above 78 65 79 85 78
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Table 2. Sociodemographic characteristics of participants from the Netherlands

Total | Cluster 1 | Cluster 2 | Cluster 3 | Cluster 4
n 885 146 433 244 62
Developer by profession (%)
Yes 93 100 100 100 0
No 7 0 0 0 100
Years of coding experience
M 15.45 | 15.52 14.12 17.25 17.53
SD 9.33  |10.24 8.82 9.03 10.26
Level of education (%)
Finished school 3 26 0 0 0
College/university without degree 13 74 0 0 11
Associate degree 4 0 8 0 5
Bachelor’s degree 47 0 92 0 23
Master’s degree 28 0 0 91 48
Doctoral degree 4 0 0 9 13
Context of software development (%)
Data & analytics 15 7 10 21 32
Development & programming 89 98 94 88 39
Education & research 20 15 13 24 56
Infrastructure & operations 27 38 26 23 24
Management & leadership 13 14 10 13 24
Student 1 1 1 0 3
Income (USD)
Median 66,540 | 63,036 63,288 78,037 71,985
IQR 46,923 | 41,770 40,525 48,524 56,125
Age (%)
18-24 years 11 14 15 3 11
25-34 years 51 53 54 47 36
35-44 years 26 22 21 37 27
45-54 years 9 8 7 9 19
55-64 years 3 4 3 3
>65 years 0 0 0 0
Gender (%)
Man 94 98 93 93 95
Other 3 1 2 0
Woman 1 6 6 5
Accessibility (%)
Differences in the ability to hear or see 3 3 2 2 9
Differences in the ability to type, walk or stand | 0 1 0 0 2
None of the above 96 96 97 97 88
Psychological or neurological differences (%)
Affective disorder 8 8 10 5 9
Anxiety disorder 9 11 10 6 5
Neurodiversity 23 35 25 16 14
None of the above 69 57 66 79 75
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for both comparisons) and also lower for Cluster 4 compared to Cluster 3 (p <
.001).

Differences were also found regarding the context of software development.
Regarding Cluster 1, a significantly larger proportion of developers worked in
the context of “Development and Programming” (x? (1, n = 696) = 38.14, p
< .001) and a smaller proportion in “Data and Analytics” (x? (1, n = 696) =
26.06, p < .001) as well as “Education and Research” (x? (1, n = 696) = 9.26, p
= .002), but no differences were found for “Infrastructure and Operations” (2
(1, n = 696) = 1.08, p = .298) or “Management and Leadership” (x? (1, n =
696) = 0.74, p = .389) or the proportion of students (x? (1, n = 696) = 1.89,
p = .170) compared to the total sample. Developers of Cluster 2 as well worked
more often in “Development and Programming” (x? (1, n = 739) = 25.58, p
< .001), but less often in “Data and Analytics” (x? (1, n = 739) = 22.84, p
< .001). They also worked less often in “Education and Research” (x? (1, n =
739) = 21.77, p < .001), “Infrastructure and Operations” (x? (1, n = 739) =
5.53, p = .019) and “Management and Leadership” (x? (1, n = 739) = 4.10, p
= .043). The proportion of students did not differ from the total sample either
(x? (1, n = 739) = 0.04, p = .838). Similar to the first two clusters, developers
of Cluster 3 had a stronger focus on “Development and Programming” (x? (1,
n = 1105) = 10.13, p = .001) and, in contrast to these, worked slightly more
often in “Data and Analytics” (x? (1, n = 1105) = 13.66, p < .001) and were
less often students (x? (1, n = 1105) = 13.73, p < .001). Cluster 3 did not differ
regarding the proportions of developers working in “Education and Research”
(x? (1, n = 1105) = 1.68, p = .195), “Infrastructure and Operations” (x? (1,
n = 1105) = 0.59, p = .444) or “Management and Leadership” (x? (1, n =
1105) = 0.90, p = .342). In contrast to all other clusters, developers of Cluster 4
worked significantly less frequently in “Development and Programming” (x? (1,
n = 297) = 545.04, p < .001). Instead, they worked most frequently in “Data
and Analytics” (x? (1, n = 297) = 66.33, p < .001), “Education and Research”
(x% (1, n = 297) = 211.07, p < .001), “Infrastructure and Operations” (x? (1, n
= 297) = 12.41, p < .001) as well as “Management and Leadership” (x? (1, n =
297) = 37.46, p < .001) and also had a higher proportion of students (x? (1, n
= 297) = 19.07, p < .001) than the overall sample.

4.3 Tools and Technology

Socioeconomic differences and differences in the development context went along
with differences in tool use (Fig. 1), in particular, for Cluster 4, which was com-
prised of developers who mostly worked in the context of research and edu-
cation. For this cluster, we observed a much stronger focus on the program-
ming languages Python, R, and MATLAB compared to other clusters (Fig. 1a).
Developers of the first cluster used programming languages that are typical of
web development more frequently, such as HTML/CSS, JavaScript, PHP, and
TypeScript. While the profiles of the clusters largely overlapped with respect to
development environments (Fig. 1b), frameworks (Fig. 1c), and other developer
tools (Fig. 1d), developers of Cluster 4 showed some special characteristics: more
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frequent use of IPython/Jupyter and PyCharm as well as Pandas and NumPy
and less frequent use of most other developer tools such as Docker. Regarding
version control systems, however, Git proved to be the standard for developers
of all clusters le).

4.4 Community

Analyzing the relationship between coding experience and variables of commu-
nity involvement, we found a weak positive relationship between coding experi-
ence and membership and participation but a weak negative relationship between
coding experience and visiting Stack Overflow (Table3). A moderate positive
relationship was observed between community membership and Stack Overflow
visits as well as Stack Overflow visits and participating in Q&A. Community
membership and participation in Q&A also correlated positively, supporting
previous findings that a stronger sense of community positively impacts commu-
nity commitment. The same pattern was found when relationships were analyzed
for each cluster separately. Direction and strength of the relationships were the
same, with the exception of the relationship between coding experience and
Stack Overflow visits in Cluster 4. In this sub-group, coding experience and
Stack Overflow visits were unrelated (r = -.00, p = .982).

Table 3. Descriptive statistics for variables of community involvement and correlations
(Pearson’s correlation coefficient) with coding experience

Variable n M SD |1 2 3 4
1. Coding experience 2,837115.63 | 8.93 | —

2. Community membership |2,813|0.03 | 1.17|.09***

3. Community visits 2,831 3.55 | 1.04 | —.07*F** | 26*** | —

4. Community participation | 2,373 | 1.38 | 1.04 | .16*¥* | 47%¥* | 3*** |

*p < .05, ¥*p < .01, ¥*p < .001

As both coding experience and community membership proved to be directly
related to community engagement, differences in variables of the community
involvement between clusters were tested using one-way ANOVA and Tukey’s
HSD. Results of the ANOVA showed significant differences for all three aspects of
community involvement. The average strength of community membership (Clus-
ter 1-4: M =-0.11, SD = 1.19; M = 0.04, SD = 1.17; M = 0.13, SD = 1.16;
M =-0.03, SD = 1.15) differed between clusters, F(3, 2809) = 6.08, p < .001,
although pair-wise comparison showed that only developers of Cluster 3 consid-
ered themselves significantly more strongly as part of the Stack overflow commu-
nity than developers of Cluster 1 (p < .001; p > .05 for all other comparisons).
The frequency of visiting Stack Overflow (Cluster 1 - 4: M = 3.54, SD = 1.07;
M = 3.61, SD = 1.00; M = 3.60, SD — 1.03; M = 3.21, SD = 1.05) differed
between clusters as well, F(3, 2827) = 12.69, p < .001; in particular developers
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Fig. 1. Comparison of tool use over the past year for four clusters of developers.
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of Cluster 4 visited Stack Overflow less often than developers of the other clus-
ters (p < .001; p > .05 for all other comparisons). Finally, active participation
in the Stack Overflow community (Cluster 1 - 4: M = 1.26, SD = 0.96; M =
1.35, SD = 0.96; M = 1.48, SD = 1.10; M = 1.34, SD = 1.06), that is, asking,
answering or voting for questions, was found to be different between clusters,
F(3, 2369) = 6.22, p < .001. Pair-wise comparison showed that developers of
Cluster 3 were more engaged in these activities than developers of Cluster 1 (p
< .001) but not more engaged than developers of Cluster 2 or 4 (p > .05 for both
comparisons). Comparisons between the other clusters did not reach significance
level (p > .05). None of the clusters were more or less likely to create a Stack
Overflow account (Cluster 1 - 4: 84%, x? (1, n = 696) = 0.05, p = .817; 84%,
X2 (1, n = 737) = 0.00, p = .969; 85%, x? (1, n = 1105) = 1.13, p = .288; 81%,
X2 (1, n =297) = 2.42, p = .119)

5 Discussion

Cluster analysis is typically used to group objects, persons, or other entities with
the aim of identifying groups that share similar characteristics. For instance, in
market research, cluster analysis is used to segment customers based on pur-
chasing behaviors, preferences, and demographic factors, enabling more targeted
marketing and product strategies. Similarly, here, we were able to identify four
sub-groups of developers that could be used to construct the following personas:

(1) The web developer who is characterized by moderate programming expe-
rience and a distinct specialization in their professional developer career
focusing on web development tools. The relatively low educational level is
mirrored in lower income rates, suggesting that they might be high school
graduates and do not have a professional degree. Nevertheless, they take
on programming and development tasks, emphasizing their dedication to
acquiring practical skills and experience in the domain.

(2) The junior developer, marked by the lowest programming experience,
while having a higher educational level than the web developer, is consid-
ered to be in the early career phase. They engaged in professional software
development and programming with a trend to specialization within their
field.

(3) The senior developer has the highest programming experience and gets
compensated for it more than the other personas. With an above average
educational level, they are involved in many different roles, often involving
lead functions. For them, the working context is slightly more diverse and
requires deeper technological expertise.

(4) The research developer represents a niche group characterized by their
substantial programming expertise and a distinct inclination towards the
research context. They are characterized by a highly diverse range of edu-
cational backgrounds, with an average level suggesting a prevalence of
advanced educational research degrees. The professional focus here diverges
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from explicit software development roles to deeply embedded data analytics
ones.

Our results thus underline the significant differences in programming experiences
and the early yearly income they receive for their work across the identified clus-
ters, with cluster three standing out for its high levels of both. The educational
backgrounds vary strongly. This demonstrates diverse backgrounds and career
paths within the German software developer community and is supported by the
roles members in each cluster have. With this first glance at the landscape of the
German developer community and its structure, we offer valuable insights for
employers, educators, and developers themselves. Results emphasize the impor-
tance of suitably tailored solutions for workplace design, tool development, and
educational and community-building activities. However, with this description
of different groups within the community, questions now arise about their influ-
ence and connection with requirements for workplace design. As our analysis
included only sociodemographic, but no psychometric or behavioral aspects, it
also remains unclear whether certain personality traits can be assigned to indi-
vidual groups and how this could be optimally taken into account in the training
and team composition. Besides identifying sub-groups within the community,
we also found relationships between coding experience and community involve-
ment among developers in Germany, quantified by their participation in the
Stack Overflow community. Findings reveal nuanced dynamics between coding
experience, felt community membership, and level of community engagement.
Meanwhile, “coding experience” positively correlated with “community member-
ship” “community participation” and “community membership”, in turn, with
“community participation”, indicating that the longer a software developer has
been involved in coding, the higher the involvement in the community. Notably,
“coding experience” correlated negatively with “community visits” and this rela-
tionship did not exist in research software developers. This raises questions about
the factors influencing their community engagement, suggesting potential areas
for further investigation, such as specific professional needs and alternative sup-
port systems. Candidate explanations for this observation could be that the more
experienced developers become, the less they need the community knowledge or
that, in particular, developers of the research context use other resources. Results
also showed significant differences in community involvement across identified
clusters where “senior developers” are more engaged in the community com-
pared to “web developers”. “Research software developers” visit the community
less frequently than the other groups. Results underline the importance of coding
experience for a sense of community and engagement. Overall, results highlight
a complex interplay between individual experiences and community dynamics.
This suggests a need for closer examination of other influencing factors in order
to derive implications for community building.

5.1 Limitations

While the present study offers important insights into the diversity of the Ger-
man software developer community through exploratory cluster analysis, results
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have to be interpreted with respect to methodological limitations and impli-
cations of the data source characteristics. First of all, it should be noted that
the study relies on only one community platform and survey data from plat-
form operators. Therefore, the sample is self-selected and biased towards one of
many communities within Germany. Additionally, 46% of the initial sample was
excluded due to missing responses, which could raise concerns about the poten-
tial introduction of non-response bias. The decision to not impute missing values
prevented, on the one hand, skewing the data, but on the other hand, this could
implicate that the present analysis could have overlooked patterns that might
exist within the real world or the complete data set. Additionally, the choice
of variables and clustering methods are highly exploratory and subjective. The
reliance on pre-selected clustering variables, according to result interpretation,
might have been influenced by confirmation bias, inadvertently supporting pre-
conceived notions about the nature of the community. Different choices here
might yield different groupings, which influences the study’s reproducibility and
generalizability of its conclusions. To attempt the latter, we cross-validated find-
ings with a Dutch sub-sample, assuming cultural similarity. However, this addi-
tionally might have impacted the transferability. As we analyzed data from a
survey that was not designed to address specific research questions and objec-
tives, data on potentially important (human) factors such as attitudes, person-
ality and preferences were not available and could, therefore, not be included
in the analysis. Moreover, quality of the available data could not be assessed
due to the lack of controls such as seriousness checks. Finally, single-item oper-
ationalizations of complex psychological constructs as used here might further
affected the validity of our results. Nevertheless, the Stack Overlflow Developer
Survey data set provided an economical way to explore the German developer
community in a large-scale sample.

5.2 Conclusion and Future Work

In conclusion, the present work provides some novel insights into the diversity in
the German developer community, highlighting the significance of a strong sense
of community. The findings underscore the importance of fostering community
engagement and taking further steps to analyze diversity factors and their rela-
tion to software developer needs and requirements towards different aspects of
community building and workplace design. Future research could investigate
the predictors and outcomes of a strong sense of community within the software
developer community, not only in large-scale online communities but also in level
workplace contexts. By understanding these dynamics, organizations could ben-
efit in terms of knowledge management strategies, enhancing workplace design,
or community-building and collaboration strategies. Providing a cluster analy-
sis based on selected variables, including demographic variables beyond educa-
tion and employment status, might reveal additional insights, especially into the
diversity of the developer community.
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