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Administrivia
• Course Web Site 
• TAs: Naga Jyothi Kota & Angel Prathyusha Koyi 
• Syllabus 
- Plagiarism 
- Accommodations 

• Assignments 
• Tests: 2 (Feb. 21, Apr. 3) and Final (May 6) 
• Course is offered to both undergraduates (CS 490) and graduates (CS 503) 
- Grad students have extra topics, exam questions, assignment tasks
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Academic Honesty
• Do not cheat! 
• You will receive a zero for any assignment/exam/etc. where cheating has 

occurred 
• You will fail the course if you cheat more than once 
• Misconduct is reported through the university's system 
• You may discuss problems and approaches with other students 
• You may not copy or transcribe code from another source
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Schedule
• Lectures are 12:30-1:45pm MW in PM 110 
- Better for learning if you are engaged 
- Ask questions 
- Please advise me of any issues 

• Any changes will be announced as soon as possible 
• Slides will be posted to the course website
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Office Hours & Email
• TA office hours will be held in person in TA Offices 
- Tentative: M 2-5pm, Tu 9:30am-12:30pm, W 1:00-4:00pm, Th 

9:30am-12:30pm 
• Prof. Koop's office hours will be held in person in PM 461 
- M: 1:45-3:00pm, W: 10:45am-12:00pm, or by appointment 
- You do not need an appointment to stop by during scheduled office hours, 
- If you wish to meet virtually, please schedule an appointment 
- If you need an appointment, please email me with details about what you 

wish to discuss and times that would work for you 
• Many questions can be answered via email. Please consider writing an 

email before scheduling a meeting.
11D. Koop, CSCI 503/490, Spring 2024



Course Material
• Textbook: 
- Recommended: Python for Programmers 
- Good overview + data science examples 

• Many other resources are available: 
- https://wiki.python.org/moin/

BeginnersGuide 
- https://wiki.python.org/moin/

IntroductoryBooks 
- http://www.pythontutor.com 
- https://www.python-course.eu 
- https://software-carpentry.org/lessons/
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Course Material
• Software: 
- Anaconda Python Distribution (https://

www.anaconda.com/download): makes 
installing python packages easier 

- Jupyter Notebook: Web-based interface for 
interactively writing & executing Python 
code 

- JupyterLab: An updated web-based 
interface that includes the notebook and 
other cool features 

- JupyterHub: Access everything through a 
server

13D. Koop, CSCI 503/490, Spring 2024

https://www.anaconda.com/download
https://www.anaconda.com/download
https://www.anaconda.com/download


Python
• Started in December 1989 by Guido van Rossum 
• “Python has surpassed Java as the top language used to introduce U.S. 

students to programming…” (ComputerWorld, 2014) 
• Python is also a top language for data science 
• High-level, interpreted language 
• Supports multiple paradigms (OOP, procedural, functional) 
• Help programmers write readable code, use less code to do more 
• Lots of libraries for python 
• Designed to be extensible, easy to wrap code from other languages like C/C++ 
• Open-source with a large, passionate community
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PYPL PopularitY of Programming Language
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Even Wider Gap in Google Tutorial Searches
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Blockchain

Marketing or sales professional

Which of the following describes your current job? Please select all that apply.

2.12%

0.84%

% Percentages # Responses

Developer Profile

Key territories
Share 

United States of America

India

Germany

United Kingdom of Great Britain and
Northern Ireland

Canada

France

Brazil

Poland

Netherlands

Spain

Where do you live? *

Top 10 Countries All Countries 41,502 responses

18.88%

9.26%

7.52%

5.84%

3.47%

3.25%

2.94%

2.41%

2.17%

2.12%

% Percentages # Responses

Developer Profile

Demographics
Share 

Under 18 years old

18-24 years old

25-34 years old

35-44 years old

45-54 years old

55-64 years old

65 years or older

Prefer not to say

What is your age?

All Respondents Professional Developers Learning to Code 70,946 responses

5.45%

23.46%

39.62%

19.72%

7.44%

2.79%

0.78%

0.73%

% Percentages # Responses

Man

Woman

Non-binary, genderqueer, or gender non-
conforming

Prefer not to say

Or, in your own words:

Which of the following describe you, if any? Please check all that apply.

All Respondents Professional Developers Learning to Code

Gender Minorities by Country

70,853 responses

91.88%

5.17%

1.67%

1.65%

0.74%

% Percentages # Responses

No

Prefer not to say

Yes

Or, in your own words:

Do you identify as transgender?

All Respondents Professional Developers Learning to Code 70,315 responses

95.84%

1.96%

1.51%

0.68%

% Percentages # Responses

Straight / Heterosexual

Prefer not to say

Bisexual

Gay or Lesbian

Prefer to self-describe:

Queer

Which of the following describe you, if any? Please check all that apply.

All Respondents Professional Developers Learning to Code 66,565 responses

84.09%

6.53%

5.45%

2.67%

2.15%

1.7%

% Percentages # Responses

White

European

Indian

Asian

Hispanic or Latino/a

Middle Eastern

South American

North American

African

South Asian

Prefer not to say

Southeast Asian

Or, in your own words:

Multiracial

East Asian

Black

Biracial

I don't know

North African

Caribbean

Central American

Central Asian

Ethnoreligious group

Indigenous (such as Native American or
Indigenous Australian)

Pacific Islander

Which of the following describe you, if any? Please check all that apply.

All Respondents Professional Developers Learning to Code 69,474 responses

39.38%

37.25%

9.7%

9.48%

5.71%

4.1%

3.78%

3.36%

3.3%

2.59%

2.49%

2.33%

2.19%

1.76%

1.75%

1.48%

1.15%

1.01%

0.88%

0.66%

0.6%

0.57%

0.5%

0.47%

0.21%

% Percentages # Responses

I am blind / have di"iculty seeing

Or, in your own words:

I am deaf / hard of hearing

I am unable to / find it di"icult to walk or
stand without assistance

I am unable to / find it di"icult to type

Which of the following describe you, if any? Please check all that apply.

2,547 responses

1.7%

0.97%

0.85%

0.44%

0.35%

% Percentages # Responses

I have a concentration and/or memory
disorder (e.g., ADHD, etc.)

I have an anxiety disorder

I have a mood or emotional disorder (e.g.,
depression, bipolar disorder, etc.)

I have autism / an autism spectrum
disorder (e.g. Asperger's, etc.)

I have learning di"erences (e.g., Dyslexic,
Dyslexia, etc.)

Or, in your own words:

Which of the following describe you, if any? Please check all that apply.

16,163 responses

10.57%

10.31%

9.71%

4.27%

2.77%

1.23%

% Percentages # Responses

Technology

Each year we explore the tools and technologies developers
are currently using and what they want to use.

We have the favorite Loved, Dreaded, and Wanted data as
well as Worked With vs. Want to Work With, which shows us
precisely what developers used in the past year and what
they want to work on in the following year. If you need a
refresher on how we structure Loved, Dread and Wanted, or
if you want to read about the intuition behind Worked With
vs. Want to Work With, check out this post our meta post.

Most popular technologies →
Most loved, dreaded, and wanted →
Worked with vs. want to work with →
Top paying technologies →
Version Control →
Web3 →

Technology

Most popular technologies
Share 

JavaScript

HTML/CSS

SQL

Python

TypeScript

Java

Bash/Shell

C#

C++

PHP

C

PowerShell

Go

Rust

Kotlin

Dart

Ruby

Assembly

Swi!

R

VBA

MATLAB

Lua

Groovy

Delphi

Scala

Objective-C

Perl

Haskell

Elixir

Julia

Clojure

Solidity

LISP

F#

Fortran

Erlang

APL

COBOL

SAS

OCaml

Crystal

Which programming, scripting, and markup languages have you done extensive development work in over the past
year, and which do you want to work in over the next year? (If you both worked with the language and want to
continue to do so, please check both boxes in that row.)

All Respondents Professional Developers Learning to Code 71,547 responses

65.36%

55.08%

49.43%

48.07%

34.83%

33.27%

29.07%

27.98%

22.55%

20.87%

19.27%

12.07%

11.15%

9.32%

9.16%

6.54%

6.05%

5.47%

4.91%

4.66%

4.48%

4.1%

4.03%

3.32%

3.25%

2.59%

2.39%

2.31%

2.22%

2.15%

1.53%

1.51%

1.45%

1.31%

1.03%

0.91%

0.9%

0.71%

0.65%

0.61%

0.59%

0.48%

% Percentages # Responses

MySQL

PostgreSQL

SQLite

MongoDB

Microso! SQL Server

Redis

MariaDB

Elasticsearch

Oracle

Firebase Realtime Database

DynamoDB

Cloud Firestore

Cassandra

Neo4j

IBM DB2

Couchbase

CouchDB

Which database environments have you done extensive development work in over the past year, and which do you
want to work in over the next year? (If you both worked with the database and want to continue to do so, please
check both boxes in that row.)

All Respondents Professional Developers Learning to Code 63,327 responses

46.85%

43.59%

32.01%

28.3%

26.87%

22.13%

17.93%

12.21%

11.49%

8.72%

8.26%

7.45%

2.66%

2.12%

2%

1.33%

1.29%

% Percentages # Responses

AWS

Microso! Azure

Google Cloud

Firebase

Heroku

DigitalOcean

VMware

Managed Hosting

Linode

OVH

Oracle Cloud Infrastructure

OpenStack

IBM Cloud or Watson

Colocation

Which cloud platforms have you done extensive development work in over the past year, and which do you want to
work in over the next year? (If you both worked with the platform and want to continue to do so, please check both
boxes in that row.)

All Respondents Professional Developers Learning to Code 56,553 responses

51.01%

28.72%

26.81%

21.14%

19.98%

15.64%

8.71%

5.76%

3.92%

3.76%

2.18%

2.02%

1.68%

1.26%

% Percentages # Responses

Across the world, developers and technologists turn to Stack Overflow
to gain and share knowledge. Our survey received responses from
almost every country on Earth.

Geography

The United States and India continue to provide the highest volume of
survey responses, followed by Germany and UKI (UK and Ireland).

The top ten countries account for almost 60% of all respondents. This
year we saw Spain just barely overtake Italy for the number ten spot. To
see the top ten countries, refer to the methodology section.

Developers and technologists are a diverse group of individuals across
many spectrums. We are committed to continuing to ensure our
platform is inclusive and welcoming to all.

Age

46% of Professional Developers are 25-34 years old. But we see that
more than half of the respondents learning to code are 18-24 years old.

Gender

Those learning to code are slightly less likely to identify as a man and
slightly more likely to prefer to not identify. Both of these are
indications that the industry (and our survey) could continue to
become more diverse as more people join the workforce.

92% of all respondents and 93% of Professional Developers identify as
a man. The United States has the highest percentage of gender
minorities (Woman, Non-binary, genderqueer, or gender non-
conforming). We have considerable work to do to ensure our platform is
inclusive and that our survey is representative of developers
everywhere.

Transgender

1.5% of all respondents identify as transgender. Like we see with
gender identification, those learning to code are slightly more likely to
prefer to not say if they identify as transgender.

Sexual orientation

Those learning to code are less likely to identify as
straight/heterosexual than Professional Developers, with 10%
preferring not to say.

Race and ethnicity

Those learning to code are less likely to identify as European and/or
White than Professional Developers. Like we saw with other
demographic questions, the new group of developers who may enter
the workforce soon, could be more diverse.

Disability status

2,547 respondents have a physical di"erence, with the majority of these
respondents being blind or having di"iculty seeing.

Neurodiversity

Response to this question increased from 20% last year to 22% this
year.

This year we see more developers identifying as having a concentration
and/or memory disorder (10.6%), anxiety disorder (10.3%), mood or
emotional disorder (9.7%).

This year, we're comparing the popular technologies across three
di"erent groups: All respondents, Professional Developers, and those
that are learning to code.

Programming, scripting, and markup languages

2022 marks JavaScript’s tenth year in a row as the most commonly used
programming language.

But, it’s a di"erent picture for those learning to code. HTML/CSS,
Javascript and Python are almost tied as the most popular languages
for people learning to code. People learning to code are more likely
than Professional Developers to report using Python (58% vs 44%), C++
(35% vs 20%), and C (32% vs 17%).

Compared to Professional Developers, those learning to code are less
likely to report using SQL (38% vs 53%), TypeScript (15% vs 40%), and
Bash/Shell (19% vs 29%).

Databases

For Professional Developers PostgreSQL just barely took over the first
place spot from MySQL. Professional Developers are more likely than
those learning to code to use Redis, PostgreSQL, Microso! SQL Server,
and Elasticsearch.

MongoDB is used by a similar percentage of both Professional
Developers and those learning to code and it’s the second most popular
database for those learning to code (behind MySQL). This makes sense
since it supports a large number of languages and application
development platforms.

Cloud platforms

AWS remains the most used cloud platform for all respondents and for
Professional Developers. Azure took the second-place spot from Google
Cloud.

People learning to code have much di"erent usage of cloud platforms.
Heroku is the most used platform for those learning to code (35%),
significantly higher than Professional Developers (18%). We see similar
di"erences with Google Cloud (31% learning to code; 26% Professional
Developers), Firebase (30% learning to code; 21% Professional
Developers), VMware (12% learning to code; 8% Professional
Developers).

You can see the inroads that AWS and Azure have with organizations -
significantly more Professional Developers are using those platforms
compared to people who are learning to code.

Web frameworks and technologies

Node.js and React.js are the two most common web technologies used
by Professional Developers and those learning to code. Angular is used

StackOverflow Language Usage
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Node.js

React.js

jQuery

Express

Angular

Vue.js

ASP.NET Core

ASP.NET

Django

Flask

Next.js

Laravel

Angular.js

FastAPI

Ruby on Rails

Svelte

Blazor

Nuxt.js

Symfony

Gatsby

Drupal

Phoenix

Fastify

Deno

Play Framework

Which web frameworks and web technologies have you done extensive development work in over the past year, and
which do you want to work in over the next year? (If you both worked with the framework and want to continue to do
so, please check both boxes in that row.)

All Respondents Professional Developers Learning to Code 58,743 responses

47.12%

42.62%

28.57%

22.99%

20.39%

18.82%

18.59%

14.9%

14.65%

14.64%

13.52%

9.45%

8.99%

6.02%

5.83%

4.58%

4.46%

3.83%

3.58%

3.46%

2.22%

2.13%

1.85%

1.69%

0.82%

% Percentages # Responses

.NET

NumPy

Pandas

Spring

TensorFlow

Flutter

Scikit-learn

React Native

Apache Kafka

Electron

Torch/PyTorch

Qt

Keras

Ionic

Xamarin

Apache Spark

Cordova

Hadoop

GTK

Capacitor

Tidyverse

Hugging Face Transformers

Uno Platform

Which other frameworks and libraries have you done extensive development work in over the past year, and which
do you want to work in over the next year? (If you both worked with the framework and want to continue to do so,
please check both boxes in that row.)

All Respondents Professional Developers Learning to Code 54,414 responses

34.55%

28.65%

25.08%

16.13%

12.95%

12.64%

12.59%

12.57%

10.35%

9.57%

8.61%

8.51%

7.27%

5.27%

5.21%

5.01%

4.15%

3.45%

3.01%

2.49%

2.17%

2.02%

0.73%

% Percentages # Responses

npm

Docker

Yarn

Homebrew

Kubernetes

Terraform

Unity 3D

Ansible

Unreal Engine

Puppet

Chef

Pulumi

Flow

Which developer tools have you done extensive development work in over the past year, and which do you want to
work in over the next year? (If you both worked with the technology and want to continue to do so, please check both
boxes in that row.)

All Respondents Professional Developers Learning to Code 59,919 responses

65.17%

63.72%

27.64%

26.27%

22.99%

11.22%

10.64%

9.49%

3.97%

1.87%

1.51%

0.84%

0.81%

% Percentages # Responses

Visual Studio Code

Visual Studio

IntelliJ

Notepad++

Vim

Android Studio

PyCharm

Sublime Text

Eclipse

IPython/Jupyter

Xcode

Atom

Nano

Webstorm

PhpStorm

Neovim

NetBeans

CLion

Rider

Emacs

RStudio

GoLand

RAD Studio (Delphi, C++ Builder)

Qt Creator

Spyder

RubyMine

TextMate

Which development environments did you use regularly over the past year, and which do you want to work with
over the next year? Please check all that apply.

All Respondents Professional Developers Learning to Code 71,010 responses

74.48%

32.15%

27.97%

27.71%

23.34%

19.8%

17.24%

16.59%

12.57%

11.61%

10.53%

9.35%

9.26%

7.94%

6.79%

6.75%

5.24%

5.02%

4.94%

4.51%

3.39%

3.33%

2.69%

2.68%

2.32%

1.38%

0.73%

% Percentages # Responses

Jira Work Management

Confluence

Trello

Notion

Asana

ClickUp

Microso! Planner

Stack Overflow for Teams

monday.com

Airtable

Microso! Lists

Smartsheet

Wrike

Adobe Workfront

DingTalk (Teambition)

Swit

Workzone

Planview Projectplace or Clarizen

Cerri

Wimi

Leankor

Which collaborative work management tools did you use regularly over the past year, and which do you want to
work with over the next year? Select all that apply

All Respondents Professional Developers Learning to Code 51,225 responses

49.47%

39.8%

33.32%

19.82%

7.91%

5.52%

4.66%

3.68%

3.35%

2.94%

1.99%

1.33%

0.85%

0.75%

0.46%

0.27%

0.23%

0.17%

0.12%

0.12%

0.12%

% Percentages # Responses

Zoom

Microso! Teams

Slack

Google Chat

Cisco Webex Teams

Mattermost

Rocketchat

RingCentral

Symphony

Wire

Wickr

Unify Circuit

Coolfire Core

Which communication tools did you use regularly over the past year, and which do you want to work with over the
next year? Select all that apply

All Respondents Professional Developers Learning to Code 65,408 responses

56.08%

56%

53.43%

20.2%

9.68%

4.04%

2.23%

0.87%

0.56%

0.44%

0.29%

0.19%

0.14%

% Percentages # Responses

Windows

Personal use

Professional use

Linux-based

Personal use

Professional use

macOS

Personal use

Professional use

Windows Subsystem for Linux (WSL)

Personal use

Professional use

BSD

Personal use

Professional use

What is the primary operating system in which you work? *

71,503 responses

62.33%

48.82%

40.23%

39.89%

31.07%

32.97%

15%

14.34%

1.47%

1.03%

% Percentages # Responses

Technology

Most loved, dreaded, and wanted
Share 

Which programming, scripting, and markup languages have you done extensive development work in over the past
year, and which do you want to work in over the next year? (If you both worked with the language and want to
continue to do so, please check both boxes in that row.)

Loved vs. Dreaded Want 71,467 responses

19.16%19.16%

20.04%20.04%

21.44%21.44%

23.44%23.44%

26.47%26.47%

30.76%30.76%

34.98%34.98%

35.40%35.40%

35.91%35.91%

39.68%39.68%

41.60%41.60%

41.61%41.61%

42.73%42.73%

43.77%43.77%

45.75%45.75%

45.88%45.88%

46.92%46.92%

48.39%48.39%

49.99%49.99%

50.30%50.30%

54.13%54.13%

56.44%56.44%

56.55%56.55%

57.19%57.19%

57.89%57.89%

60.96%60.96%

61.46%61.46%

62.08%62.08%

62.09%62.09%

62.16%62.16%

62.88%62.88%

63.29%63.29%

63.39%63.39%

64.25%64.25%

64.58%64.58%

65.51%65.51%

67.34%67.34%

72.51%72.51%

73.46%73.46%

75.23%75.23%

75.46%75.46%

86.73%86.73%

80.84%80.84%

79.96%79.96%

78.56%78.56%

76.56%76.56%

73.53%73.53%

69.24%69.24%

65.02%65.02%

64.60%64.60%

64.09%64.09%

60.32%60.32%

58.40%58.40%

58.39%58.39%

57.27%57.27%

56.23%56.23%

54.25%54.25%

54.12%54.12%

53.08%53.08%

51.61%51.61%

50.01%50.01%

49.70%49.70%

45.87%45.87%

43.56%43.56%

43.45%43.45%

42.81%42.81%

42.11%42.11%

39.04%39.04%

38.54%38.54%

37.92%37.92%

37.91%37.91%

37.84%37.84%

37.12%37.12%

36.71%36.71%

36.61%36.61%

35.75%35.75%

35.42%35.42%

34.49%34.49%

32.66%32.66%

27.49%27.49%

26.54%26.54%

24.77%24.77%

24.54%24.54%

13.27%13.27%

MATLAB

COBOL

VBA

Objective-C

Fortran

Groovy

Perl

SAS

Assembly

C

R

PHP

Lua

PowerShell

Java

Crystal

OCaml

C++

Ruby

Scala

Erlang

Haskell

APL

LISP

Bash/Shell

F#

JavaScript

Solidity

HTML/CSS

Dart

Swi!

Kotlin

C#

SQL

Go

Delphi

Python

Julia

TypeScript

Clojure

Elixir

Rust

100806040200

Loved Dreaded

Which database environments have you done extensive development work in over the past year, and which do you
want to work in over the next year? (If you both worked with the database and want to continue to do so, please
check both boxes in that row.)

Loved vs. Dreaded Want 62,594 responses

Which cloud platforms have you done extensive development work in over the past year, and which do you want to
work in over the next year? (If you both worked with the platform and want to continue to do so, please check both
boxes in that row.)

Loved vs. Dreaded Want 55,648 responses

more by Professional Developers than those learning to code (23% vs
10%), same with ASP.NET (16% vs 10%) and ASP.NET Core (21% vs
10%).

Other frameworks and libraries

This year we added additional responses to see the most popular
libraries in di"erent domains. For example, TensorFlow remains more
popular than PyTorch for machine learning but Scikit-learn is close
behind TensorFlow. Flutter and React Native are the two most popular
cross-platform tools.

People learning to code are more likely than Professional Developer to
be using NumPy (43% vs 24%), Pandas (35% vs 22%) - this makes sense
given that they are both Python based and people learning to code are
using Python. They are also more likely to be using TensorFlow (18% vs
11%) and Scikit-learn (17% vs 11%).

Other tools

Last year we saw Git as a fundamental tool to being a developer. This
year it appears that Docker is becoming a similar fundamental tool for
Professional Developers, increasing from 55% to 69%.

People learning to code are more likely to be using 3D tools than
Professional Developers - Unity 3D (23% vs 8%) and Unreal Engine (9%
vs 3%) - teaching themselves skills for 3D VR and AR.

Integrated development environment

Visual Studio Code remains the preferred IDE across all developers.
PyCharm is used more by people learning to code (26% vs 16%) while
Vim is used more by Professional Developers (24% vs 16%).

Asynchronous tools

We see definite di"erences between Professional Developers and
people learning to code when it comes to asynchronous work tools. Jira
is most used by Professional Developers (49%) but only used by 15% of
those learning to code. It’s a similar story with Confluence, the second
most used tool by Professional Developers (43%) but only used by 8%
of those learning to code. For people starting their career, few of them
will have experience with these tools, potentially increasing their time
to ramp up on how to use them.

On the flip side, people who are learning to code are using Notion (36%
vs 19%) and Trello (43% vs 32%) as their asynchronous work tools.

Synchronous tools

The three most popular synchronous tools are universal across all
respondents, Professional Developers, and people learning to code -
Zoom, Microso! Teams, and Slack.

For Professional Developers, the percentage of people using each of
these tools is close - between 54%-58% of respondents. However, for
people learning to code, Zoom is used significantly more (67%) than
Microso! Teams (48%) and Slack (30%).

Operating system

Windows is the most popular operating system for developers, across
both personal and professional use. A Linux-based OS is more popular
than macOS - speaking to the appeal of using open source so!ware.

Always one of the most popular series, we have some
technologies/tools that are maintaining their position as most loved
(Rust), and some that have unseated leaders (PostgreSQL).

Programming, scripting, and markup languages

Rust is on its seventh year as the most loved language with 87% of
developers saying they want to continue using it.

Rust also ties with Python as the most wanted technology with
TypeScript running a close second.

Databases

PostgreSQL becomes the most loved and wanted database a!er five
years of Redis being the most loved.

Cloud platforms

AWS remains not only the most used cloud platform but also the most
loved and wanted.

StackOverflow Language Preferences
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Node.js

React.js

jQuery

Express

Angular

Vue.js

ASP.NET Core

ASP.NET

Django

Flask

Next.js

Laravel

Angular.js

FastAPI

Ruby on Rails

Svelte

Blazor

Nuxt.js

Symfony

Gatsby

Drupal

Phoenix

Fastify

Deno

Play Framework

Which web frameworks and web technologies have you done extensive development work in over the past year, and
which do you want to work in over the next year? (If you both worked with the framework and want to continue to do
so, please check both boxes in that row.)

All Respondents Professional Developers Learning to Code 58,743 responses

47.12%

42.62%

28.57%

22.99%

20.39%

18.82%

18.59%

14.9%

14.65%

14.64%

13.52%

9.45%

8.99%

6.02%

5.83%

4.58%

4.46%

3.83%

3.58%

3.46%

2.22%

2.13%

1.85%

1.69%

0.82%

% Percentages # Responses

.NET

NumPy

Pandas

Spring

TensorFlow

Flutter

Scikit-learn

React Native

Apache Kafka

Electron

Torch/PyTorch

Qt

Keras

Ionic

Xamarin

Apache Spark

Cordova

Hadoop

GTK

Capacitor

Tidyverse

Hugging Face Transformers

Uno Platform

Which other frameworks and libraries have you done extensive development work in over the past year, and which
do you want to work in over the next year? (If you both worked with the framework and want to continue to do so,
please check both boxes in that row.)

All Respondents Professional Developers Learning to Code 54,414 responses

34.55%

28.65%

25.08%

16.13%

12.95%

12.64%

12.59%

12.57%

10.35%

9.57%

8.61%

8.51%

7.27%

5.27%

5.21%

5.01%

4.15%

3.45%

3.01%

2.49%

2.17%

2.02%

0.73%

% Percentages # Responses

npm

Docker

Yarn

Homebrew

Kubernetes

Terraform

Unity 3D

Ansible

Unreal Engine

Puppet

Chef

Pulumi

Flow

Which developer tools have you done extensive development work in over the past year, and which do you want to
work in over the next year? (If you both worked with the technology and want to continue to do so, please check both
boxes in that row.)

All Respondents Professional Developers Learning to Code 59,919 responses

65.17%

63.72%

27.64%

26.27%

22.99%

11.22%

10.64%

9.49%

3.97%

1.87%

1.51%

0.84%

0.81%

% Percentages # Responses

Visual Studio Code

Visual Studio

IntelliJ

Notepad++

Vim

Android Studio

PyCharm

Sublime Text

Eclipse

IPython/Jupyter

Xcode

Atom

Nano

Webstorm

PhpStorm

Neovim

NetBeans

CLion

Rider

Emacs

RStudio

GoLand

RAD Studio (Delphi, C++ Builder)

Qt Creator

Spyder

RubyMine

TextMate

Which development environments did you use regularly over the past year, and which do you want to work with
over the next year? Please check all that apply.

All Respondents Professional Developers Learning to Code 71,010 responses

74.48%

32.15%

27.97%

27.71%

23.34%

19.8%

17.24%

16.59%

12.57%

11.61%

10.53%

9.35%

9.26%

7.94%

6.79%

6.75%

5.24%

5.02%

4.94%

4.51%

3.39%

3.33%

2.69%

2.68%

2.32%

1.38%

0.73%

% Percentages # Responses

Jira Work Management

Confluence

Trello

Notion

Asana

ClickUp

Microso! Planner

Stack Overflow for Teams

monday.com

Airtable

Microso! Lists

Smartsheet

Wrike

Adobe Workfront

DingTalk (Teambition)

Swit

Workzone

Planview Projectplace or Clarizen

Cerri

Wimi

Leankor

Which collaborative work management tools did you use regularly over the past year, and which do you want to
work with over the next year? Select all that apply

All Respondents Professional Developers Learning to Code 51,225 responses

49.47%

39.8%

33.32%

19.82%

7.91%

5.52%

4.66%

3.68%

3.35%

2.94%

1.99%

1.33%

0.85%

0.75%

0.46%

0.27%

0.23%

0.17%

0.12%

0.12%

0.12%

% Percentages # Responses

Zoom

Microso! Teams

Slack

Google Chat

Cisco Webex Teams

Mattermost

Rocketchat

RingCentral

Symphony

Wire

Wickr

Unify Circuit

Coolfire Core

Which communication tools did you use regularly over the past year, and which do you want to work with over the
next year? Select all that apply

All Respondents Professional Developers Learning to Code 65,408 responses

56.08%

56%

53.43%

20.2%

9.68%

4.04%

2.23%

0.87%

0.56%

0.44%

0.29%

0.19%

0.14%

% Percentages # Responses

Windows

Personal use

Professional use

Linux-based

Personal use

Professional use

macOS

Personal use

Professional use

Windows Subsystem for Linux (WSL)

Personal use

Professional use

BSD

Personal use

Professional use

What is the primary operating system in which you work? *

71,503 responses

62.33%

48.82%

40.23%

39.89%

31.07%

32.97%

15%

14.34%

1.47%

1.03%

% Percentages # Responses

Technology

Most loved, dreaded, and wanted
Share 

Rust

Python

TypeScript

Go

JavaScript

Kotlin

C++

SQL

C#

Java

Dart

C

Swi!

HTML/CSS

Elixir

Haskell

Solidity

Ruby

Bash/Shell

Assembly

R

Scala

PHP

F#

Julia

Lua

Clojure

PowerShell

Erlang

LISP

OCaml

MATLAB

Objective-C

APL

Perl

Crystal

Groovy

VBA

Fortran

COBOL

SAS

Delphi

Which programming, scripting, and markup languages have you done extensive development work in over the past
year, and which do you want to work in over the next year? (If you both worked with the language and want to
continue to do so, please check both boxes in that row.)

Loved vs. Dreaded Want 71,467 responses
% of developers who are not developing

with the language or technology but have
expressed interest in developing with it

17.6%

17.59%

17.03%

16.41%

12.98%

8.08%

7.67%

6.51%

6.11%

5.6%

4.83%

4.34%

4.3%

4.09%

3.07%

2.98%

2.82%

2.66%

2.65%

2.5%

2.33%

2.21%

2.17%

2.14%

2.05%

1.72%

1.63%

1.55%

1.25%

1.02%

0.77%

0.76%

0.71%

0.55%

0.53%

0.51%

0.47%

0.39%

0.39%

0.37%

0.33%

0.23%

% Percentages # Responses

Which database environments have you done extensive development work in over the past year, and which do you
want to work in over the next year? (If you both worked with the database and want to continue to do so, please
check both boxes in that row.)

Loved vs. Dreaded Want 62,594 responses

Loved vs. Dreaded Want 55,648 responses

more by Professional Developers than those learning to code (23% vs
10%), same with ASP.NET (16% vs 10%) and ASP.NET Core (21% vs
10%).

Other frameworks and libraries

This year we added additional responses to see the most popular
libraries in di"erent domains. For example, TensorFlow remains more
popular than PyTorch for machine learning but Scikit-learn is close
behind TensorFlow. Flutter and React Native are the two most popular
cross-platform tools.

People learning to code are more likely than Professional Developer to
be using NumPy (43% vs 24%), Pandas (35% vs 22%) - this makes sense
given that they are both Python based and people learning to code are
using Python. They are also more likely to be using TensorFlow (18% vs
11%) and Scikit-learn (17% vs 11%).

Other tools

Last year we saw Git as a fundamental tool to being a developer. This
year it appears that Docker is becoming a similar fundamental tool for
Professional Developers, increasing from 55% to 69%.

People learning to code are more likely to be using 3D tools than
Professional Developers - Unity 3D (23% vs 8%) and Unreal Engine (9%
vs 3%) - teaching themselves skills for 3D VR and AR.

Integrated development environment

Visual Studio Code remains the preferred IDE across all developers.
PyCharm is used more by people learning to code (26% vs 16%) while
Vim is used more by Professional Developers (24% vs 16%).

Asynchronous tools

We see definite di"erences between Professional Developers and
people learning to code when it comes to asynchronous work tools. Jira
is most used by Professional Developers (49%) but only used by 15% of
those learning to code. It’s a similar story with Confluence, the second
most used tool by Professional Developers (43%) but only used by 8%
of those learning to code. For people starting their career, few of them
will have experience with these tools, potentially increasing their time
to ramp up on how to use them.

On the flip side, people who are learning to code are using Notion (36%
vs 19%) and Trello (43% vs 32%) as their asynchronous work tools.

Synchronous tools

The three most popular synchronous tools are universal across all
respondents, Professional Developers, and people learning to code -
Zoom, Microso! Teams, and Slack.

For Professional Developers, the percentage of people using each of
these tools is close - between 54%-58% of respondents. However, for
people learning to code, Zoom is used significantly more (67%) than
Microso! Teams (48%) and Slack (30%).

Operating system

Windows is the most popular operating system for developers, across
both personal and professional use. A Linux-based OS is more popular
than macOS - speaking to the appeal of using open source so!ware.

Always one of the most popular series, we have some
technologies/tools that are maintaining their position as most loved
(Rust), and some that have unseated leaders (PostgreSQL).

Programming, scripting, and markup languages

Rust is on its seventh year as the most loved language with 87% of
developers saying they want to continue using it.

Rust also ties with Python as the most wanted technology with
TypeScript running a close second.

Databases

PostgreSQL becomes the most loved and wanted database a!er five
years of Redis being the most loved.

Cloud platforms

AWS remains not only the most used cloud platform but also the most
loved and wanted.

StackOverflow Language Interest
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Modes of Computation
• Python is interpreted: you can run one line at a line without compiling  
• Interpreter in the Shell 
- Execute line by line 
- Hard to structure loops 
- Usually execute whole files (called scripts) and edit those files 

• Notebook 
- Richer results (e.g. images, tables) 
- Can more easily edit past code 
- Re-execute any cell, whenever
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Python Differences
• Dynamic Typing 
- A variable does not have a fixed type 
- Example: a = 1; a = "abc" 

• Indentation 
- Braces define blocks in Java, good style is to indent but not required 
- Indentation is critical in Python 

    z = 20 
  if x > 0: 
      if y > 0: 
          z = 100 
  else: 
      z = 10
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JupyterLab and Jupyter Notebooks
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Jupyter Notebooks
• Display rich representations and text 
• Uses Web technology 
• Cell-based 
• Built-in editor 
• GitHub displays notebooks

23
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Jupyter Notebooks
• An interactive programming environment 
• Runs in your web browser 
• Displays results (even interactive maps) inline 
• Originally designed for Python  
• Supports other languages, too 
• You decide how to divide code into 

executable cells 
• Shift+Enter (or the "play" button) to execute 

a cell
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Notebooks in JupyterLab
• Directory view on left 
• Create new notebooks using "+" button, "New" from the File menu, or 

Launcher window 
- Notebook originally has name "Untitled" 
- Click on "Untitled" to change the name (do this!) 

• Save a notebook using the command under the File menu 
• Shutting down the notebook — use Close and Shutdown Kernel 
- Web browser is interface to display code and results 
- Kernel actually runs the code: usually see messages in a console/terminal 

window
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Notebooks in JupyterLab
• Open a notebook by going back to the file browser and clicking on it like you 

would in a desktop view 
• Past results are displayed—does not mean they are loaded in memory 
• Use "Run All" or "Run All Above" to re-execute past work 
- If you shut down the kernel, all of the data and variables you defined need 

to be redefined (so you need to re-run all) 
- Watch Out—Order Matters: If you went back and re-executed cells in a 

different order than they are shown, doing "Run All" may not produce the 
same results! 

• Edit mode (green) versus Command mode (blue == Be Careful) 
• Learn keyboard shortcuts
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Notebooks in JupyterLab
• Can write code or plain text (can be styled Markdown)  
- Choose the type of cell using the dropdown menu 

• Cells break up your code, but all data is global 
- Defining a variable a in one cell means that variable is accessible in any 

other cell 
- This includes cells above the cell a was defined in! 

• Remember Shift+Enter to execute 
• Enter just adds a new line 
• Use ?<function_name> for help 
• Use Tab for auto-complete or suggestions 
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JupyterLab
• More than just notebooks: 
- Text editor 
- Console 
- Custom components (Many extensions) 

• Arrange multiple documents and views 
• JupyterLab Documentation
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Using Python & JupyterLab Locally
• www.anaconda.com/download/ 
• Anaconda has JupyterLab 
• Use Python 3.12 
• Anaconda Navigator 
- GUI application for managing Python 

environment 
- Can install packages 
- Can start JupyterLab 

• Can also use the shell to do this: 
- $ jupyter lab 

- $ conda install <pkg_name>
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Using Python & JupyterLab on Course Server
• Stay tuned…
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Chicago Food Inspections
• Data: Information about food facility inspections in Chicago 
• Data Source: https://data.cityofchicago.org/Health-Human-Services/Food-

Inspections/4ijn-s7e5/data 
• Fields: Name, Facility Type, Risk, Violations, Location, etc.
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Chicago Food Inspections Exploration
• Based on David Beazley's PyData Chicago talk 
• YouTube video: https://www.youtube.com/watch?v=j6VSAsKAj98 
• Our in-class exploration: 
- Don't focus on the syntax 
- Focus on how interactive Python makes this exploration work well
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