RESULTS







OVERVIEW

In mid-2020, the NumPy Survey Team in partnership with
students and faculty from a Master’s course in Survey
Methodology jointly hosted by the University of Michigan and
the University of Maryland conducted the first official NumPy
Community Survey. We invited all NumPy stakeholders to
share about their experiences with NumPy and voice their
thoughts about the future of the project. Over 1,200 users
from 75 countries participated to help us map out a
landscape of the NumPy community.
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GLOSSARY

Throughout this report, you’ll see a few key terms and phrases
come up. These provide a consistent framework for how we
collect and describe our data within the report.

COMMUNITY For the purpose of this report, the terms "NumPy
community" or "community" comprise everyone who uses
NumPy, regardless of their activity.

LOCATION Country information for users is based on the
responses submitted by the survey participants.

NUMPY USERS Anyone who uses NumPy, regardless of their
activity, and participated in this survey.

OPEN SOURCE PROJECTS are public repositories with an
open source license.
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What is your current role in your organization?

14% 14% 13% e
SRR BEEE ==

Data Software PhD Researcher Engineer Scientist
scientist engineer student
7% 6% 5% 5% 4%

Other Undergraduate  Postdoctoral Master’s Academic
student scholar student staff
2% 1% 1% 1%
|
Manager Web IT staff DevOps
developer engineer

Level of Education

What is the highest degree or level of education you have completed?

36% s
. . - —
7%
2% 1%
- L

Master’s Doctorate Bachelor’s High school Other Less than
degree deq.ree degree a high school
or equivalent o equivalent diploma

Experience in Programming

How many years of programming experience do you have?

0
2
22% 6%
11%
0 - I
—

Less than 1-2 years 3-5 years 5-10 years 10+ years
1 year

How many years of experience do you have using NumPy?

31%
23% 21%
16%
- -
Less than  1-2 years 3-5 years 5-10 years 10+ years
1 year

What additional programming languages, besides Python,
are you familiar with?

44%
34%
33% 29%
20% 19%
13% 11%
- - =

C/C++ Matlab JavaScript R Java Fortran Other C# Julia Ruby

67%



COMMUNITY - CONTRIBUTION
TO OPEN SOURCE

Like many open source projects, NumPy largely relies on community contributions for
maintenance and improvements. One of the objectives of this survey was to learn more about
NumPy users’ experiences and motivations as contributors to NumPy and other open source
projects.

Do you have any interest in contributing
to open source projects?

Eight out of ten survey participants are

interested in contributing to open source 177

software projects. Yet, confusion about 0 /_‘
i No

where to start and lack of experience and
time are often preventing them from making
the leap.

113

o)
9% of survey Have you ever contributed to NumPy?

participants have Are you a regular contributor to NumPy?
o contributed to
NumPy and
ﬁ
one in five _/_
o of those 82/
contributes 91/
reqgularly.
o When it comes to other open source projects, 47% of survey participants have

contributed at least once, mainly to the projects within the Python ecosystem, and one in
three of them contributes to these projects on a reqular basis.

Have you ever contributed to any open Are you a reqular contributor
source project before, excluding NumPy? to these open source projects?

53% 4T (73 3

No

42%

Which project(s) have you contributed to?

11%
9% 8%
Other SciPy Matplotlib Pandas Scikit- Tensorflow
learn
4% 4% 3%
2% 1% 1% 1%
| [ | | —

Dask PyTorch Scikit- Xarray Statsmodels CuPy PyMC3

image
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Curious what initially led these NumPy users to contributing to open source? Nearly two thirds of them
identify as experts in NumPy. A similar pattern is found in the wider open source community.

TAKE A NOTE: If you are looking for more contributors to your open source project, reach out to your most

experienced users first.

Almost all (97%) of the NumPy contributors also contribute to other OSS projects reflecting NumPy’s
central place in the scientific Python ecosystem.

63%
What initially led to your contributing to NumPy?
28%
—

I am an Other School/ Search | was invited Social
expert user university/ engines/ by someone from  network/
of the open conference technical the project friend/

source software review/ core team colleague
to which forum/blog/
| contribute advertising

How did you initially get involved with these (other OSS) projects?

58%
Bl e s e

| am an School/ Search Other I was invited Social
expert user university/ engines/ by someone from  network/
of the open conference technical the project friend/
source software review/ core team colleague
to which forum/blog/
| contribute advertising

75% of NumPy contributors who participated in this survey have contributed to the project source code;
nearly half, to the technical documentation. While 79% of contributors to other open source projects
contributed code, 40% pitched in to help with documentation and one in four, with educational content.

In what capacity have you contributed to NumPy?

75%
48%
16% 15%
10%
| | ]

Programming Writing Other Educational Community Marketing Web Fundraising
documentation materials coordination development and grant
writing

development

79%
In what way(s) have you contributed to these projects?
53%
40%
26%
15% nEE o
e e - ..
Other

Code Responding Writing Developing Community Project DevOps Translating Website Fundraising
maintenance to GitHub technical educational coordination  management content design and
and development issue documentation content & development
(e.g. docstrings, narrative
user guide, (e.g

reference guide) tuto}iéls)



Giving back to the scientific community, promoting open source culture, and advancing scientific research are the
top three reasons for respondents to contribute to NumPy.

What are your motivations for contributing to NumPy?

80%
I 63%

Give back Promote
to the open source
scientific culture
community

87/

57%
26%
22%
16%

- - -
Advance Improve Increase Other Greater job
scientific coding community prospects
research skills and peer

recognition

87% of casual NumPy contributors and
100% of those who identify themselves
as reqgulars plan to continue making
contributions to the project.

Do you plan to continue making contributions to NumPy?

13
Oﬂ

Out of those who have never contributed to NumPy, 68% like the idea of giving back to the NumPy community.
75% of potential contributors expressed their interest in contributing to the source code and nearly half would like
to help with educational content or technical documentation.

Are you interested in contributing to NumPy?

m

No

In what ways would you be interested in contributing to NumPy?

75%
49%
46%
34%
23%
. = -

6%
2% 2%
- - | — —
Code Developing Writing Responding  Translating Community DevOps Project Website Fundraising Other
maintenance  educational technical to GitHub content coordination management  design and
and content&  documentation issues

development narrative
documentation

(e.qg. tutorials)

(e.g.

docstrings,
user guide,
reference

quide)
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Mentorship is critical to open source community sustainability and growth. In this

survey, we attempted to find out more about NumPy users’ experiences as
mentors and mentees.

12% of respondents took part in at least one mentorship program offered by an open source

community. 55% of them served as mentors, 15% joined as mentees, and 30% participated as both
mentors and mentees.

Have you ever participated in any mentorship What is/was your role in the program(s)?
program in any open source community?

12 ®

Yes

15 Q

Mentee

85% of respondents participated in mentorship programs organized by open source communities for free. Nearly
three quarters of these respondents feel satisfied with their experiences.

Were you ever charged any fees to participate in the mentorship program?
157
(]

“ Yes

How satisfied were/are you with your mentorship experience?

48%

2% 4%
——— |
Very dissatisfied Dissatisfied Neutral Satisfied Very satisfied

o 70% of survey participants connected with their mentees or mentors via
academic/alumni organizations; about a half, via professional networks or social
o media.



92% of respondents who served as mentors in these programs enjoyed sharing their knowledge with newer
members of the open source community, slightly over a half (54%) viewed these programs as an opportunity to
acquire additional teaching experience, and 46% joined to connect with more peers.

What motivates you to be a mentor?

92%
54%
. 46%

Acquire teaching
experience

Share your Networking

knowledge

86% of survey participants served as mentors without
any financial compensation. As part of mentoring, 83%
of respondents reviewed code with their mentees,
three quarters collaborated on building software, and
about a half used an issue tracker or attended
together an industry event.

Have you ever engaged in the following activities with your mentees?

83%
76%
49% 46%
36%
I )

Code Software Use an issue Attend Set Volunteer
review development tracker a lecture, mentoring together
event, or goals

conference

9%

Earn money

About 60% of respondents who participated in
mentorship programs as mentees reviewed code,
collaborated on building software, or attended an
industry event together with their mentors.

Have you ever engaged in the following activities with your mentors?

63%
61% 599%
43%
33%
l 3

Software Code review Attend Coordinate Volunteer Set
development a lecture, via an together mentoring
event, or issue tracker goals

conference

61% of NumPy users are interested in participating in a mentorship program offered by NumPy if it were to exist.

If NumPy had a mentorship program, would you be interested in participating?

617,

:/T
ﬂ(
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Age Range

What is your age?

40%

5%

The majority of respondents (nearly 80%) are in their twenties or thirties.
3% 206

38%
12%
- ] _
[ EE—

10-19y.0 20-29y.0 30-39y.0 40-49 y.0 50-59 y.0 60-69 y.0 70-79 y.0




Location

NumPy is a true global open source project. In fact,
almost three quarters of survey participants come
from outside of the United States. In total, we reached
NumPy users living in 75 different countries.

What is your country of residence?

5~
AN R S g;%
3
=
=
UNITED STATES
32% United States Colombia
France
8% Germany 3% Argentina
Brazil
Spain Netherlands
7% NE[ ) 2% Canada Russia
Australia
China New Zealand
. . Switzerland Norway
United Kingdom [0)
6% ? 1% Belgium Chile
Poland Sweden
Austria Denmark
Mexico Israel

5% India






Languages
Over 70% of NumPy users choose English as the preferred language of communication. Still, we received several

requests to have the project content (website, documentation, tutorials, etc.) translated into Japanese,
Portuguese, and Spanish.

Please specify your preferred language.

72%
e 7%
I | ] ]

English Spanish NETE[) Other French Portuguese Russian Mandarin




USAGE AND DEVELOPMENT

The vast majority of survey participants use NumPy for work; one in five, for studies.

How do you primarily use NumPy?

69%
22%
- -

For work For studies Personal use

Half of respondents use it on a daily basis; 80%, at least once a week.

How often do you use NumPy?

47%
34%
12%
_ =

Daily Weekly Monthly Less frequently

Random number generator, linear algebra, and Fourier transforms are the most often used NumPy sub-packages.

Which components of NumPy do you use reqularly?

83%
70%
27%
19%
15% 14%
HmE e o
| |
Random Linear Fourier Masked Polynomials Unit testing Package Fortran
number algebra transforms arrays (numpy. (numpy. build support support
generation (numpy. (numpy.fft) (numpy.ma) polynomial) testing) (numpy. (numpy.
(numpy. linalg) distutils) f2py)
random)

Nearly half of survey participants use NumPy version 1.18.

What version of NumPy are you currently using?

46%
21%
18%
e - -
HE — —

NumPy 1.18 Not sure I regularly NumPy 1.17  NumPy 1.16 A development NumPy 1.15
use multiple version
versions
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One in three respondents uses the new Only 119% have custom C extensions making

random API. use of the NumPy C-API.
NumPy version 1.17 introduced a new API to NumPy’s Do you or your organization have custom C extensions making
random package. Are you currently using use of the NumPy C-API (aside from Cython)?

the new random API?

374

< 1t~

In the last year, 7% of NumPy users experienced problems in code they’ve written stemming from a problem in
NumPy. What did they do about it? 87% found a workaround for it, 16% opened an issue on NumPy GitHub, and
7% proposed a change to NumPy by submitting a pull request.

In the last year, have you experienced problems in code you’ve written stemming from a problem in NumPy?

71%

21%
- =
No Maybe (can’t definitively say that Yes

NumPy was the problem)

What action(s) did you take in response to this issue?

87%
16% 13% 10%

e e -

Found a Opened Stopped Other Proposed Switched Sought
work-around an issue on working a change to a different help on

the NumPy on that to NumPy array the mailing
GitHub particular via pull library list
code request



During the same period of time, 19% of respondents encountered a problem involving numerical data that they
were unable to solve using NumPy. 53% found a workaround for it, 4 1% switched to a different library, 5% opened
an issue on NumPy GitHub, and 2% proposed a change to NumPy by submitting a pull request.

In the last year, have you encountered a problem involving
numerical data that you were unable to solve using NumPy?

66%
19%
_ B
No Yes Not sure

What action(s) did you take in response to this issue?

53%
41%
17%
_ L] —

Found a Switched Other Stopped Opened Sought Proposed
work-around  to a different working an issue on help on a change
array on that the NumPy the mailing to NumPy

library particular GitHub list via pull

code request

The NumPy maintainers were eager to know what NumPy users consider as a good deprecation time frame. About
one third of survey participants believes it should depend on the feature, while another third suggests 2 release
cycles.

What do you consider as a good deprecation time frame?

34%
30%
13% 13%
7%
I —
L]

Depends on the 2 release cycles Not sure 3 release cycles 1 release cycle Other
feature (about 6 months)
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PROJECT PRIORITIES

NumPy users rank performance as the number one priority for the project. It is followed by reliability and

documentation.
33%
24%
22%
11%
5%
3% 3%

Performance Reliability Documentation New features Website redesign Packaging Other

Performance

The overall sentiment in the comments is that NumPy performance is already good, but further improvements are
possible and should be put high on the project’s priority list.

Parallel execution, GPU support, and improved interoperability with other packages, both via the NumPy array
protocols and directly with CuPy, Dask, JAX, Numba, Cython, Pythran, PyPy, and deep learning frameworks were
mentioned most often. Also, quite a few respondents suggested making better use of modern hardware capabilities
like SIMD instructions and simplifying the back-end switches for, in particular, BLAS.

Reliability

NumPy users are almost unanimous that NumPy is very reliable already and it’s essential that it remains this way,
including while introducing new features and if the speed of development were to increase in the future. Minor
points identified for improvement include the clarity of error messages and dealing with inconsistencies and quirks
in the parts of NumPy that are used less often.

Documentation

The majority of respondents are happy with the quality of the NumPy documentation. Still, a number of suggestions
were submitted for further improvement. "Examples, more examples, and more detailed examples" is the recurrent
theme in about half the comments. More tutorials and narrative documentation around best practices and low-level
parts of NumPy are also high on NumPy users' wish lists. A common concern about the NumPy documentation is
that NumPy is very large, and it's often not easy to navigate the documentation and find the functionality that best
fits a user's need.

THE BIG PICTURE

In an open-ended question, we asked: "What single immediate change to NumPy would bring the most value to you
as a NumPy user?” Many creative ideas and current pain points were brought up, from community development to
API consistency and support for specific scientific use cases. The following topics received by far the most
attention: documentation improvements, parallel execution, and GPU support.

Documentation
The comments about the NumPy documentation in response to this question largely overlap with the responses
about priorities for NumPy (refer to the summary regarding the documentation in the section above).

GPU support

With nearly 20% of all responses focused on the topic, it’s clear that GPU support is high on users’ wish lists. Very
few respondents brought up CuPy though, and their suggestions were either creating even better compatibility
between CuPy and NumPy or implementing native GPU support in NumPy instead.

Parallel Execution

Making better use of modern CPUs was mentioned nearly as often as GPU support. Some respondents suggested
guiding users to tools like Dask or Numba to execute NumPy-based code in parallel. Yet, the vast majority called for
NumPy itself to provide good multithreading support.



The inaugural NumPy community survey is an effort of an international
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project amidst the extraordinary challenges of the year 2020. Each is
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METHODOLOGY

1,236 NumPy users from 75 countries participated in this online survey,
which was fielded from July 2nd to September 2nd, 2020. Respondents were
recruited via the NumPy mailing list, the banner display on the numpy.org
homepage, announcements at the SciPy’20 conference, and via Twitter.

To engage non-English speaking stakeholders, we conducted the survey in 8
additional languages: Bangla, French, Hindi, Japanese, Mandarin, Portuguese,

Russian, and Spanish.

Some totals don’t equal 1009% due to multiple-choice answers or rounding.





