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Abstract—The research evaluates two Python GUI (Graphi-
cal User Interface) development methods through the Tkinter
and Pygame libraries. The event loop and drawing facilities
of Pygame enable developers to use this library for creating
general-purpose GUI applications despite its main purpose being
2D game development. The research evaluates which approach
provides better performance and faster response times, and easier
development processes.

There are identical functional applications implemented
through Tkinter and Pygame to compare their performance. The
execution time results demonstrate Pygame outperforms Tkinter
by 3.5-3.7 times in both startup and processing speed, while
certain tasks show performance improvements of six to seven
times. The Pygame codebase needed fewer lines of code and
provided a more straightforward abstraction for handling events
and rendering graphics.

It shows Pygame provides equivalent performance to Tkinter
for applications that need fast GUI rendering and real-time
graphics, and animation. The research shows that Tkinter works
best for basic form-based interfaces and standard desktop wid-
gets, but Pygame excels at performance-critical GUI applications.
The research provides guidance about toolkit selection based
on application requirements and suggests future investigation
directions.

Index Terms—Python, graphical user interface (GUI), Pygame,
Tkinter, event-driven programming.

I. INTRODUCTION

Python is useful for teaching, for prototypes, and for build-
ing software that works on platforms. Python also lets us make
user interfaces, graphical user interface (GUIs). The standard
library provides Tkinter. Tkinter is an object-oriented wrapper
around the Tk toolkit. The Tk toolkit uses the windowing
APIs of the operating system. The Pygame library runs on
the Simple DirectMedia Layer (SDL) [1].

Developers use the Pygame library a lot for 2D games and
multimedia applications. Developers can also use the Pygame
library to design general-purpose GUI programs.

This paper compares how Python developers and educa-
tors often have to decide between Tkinter and game-focused
frameworks, like Pygame, when they teach GUI programming
or create applications. Tkinter gives Python developers a set of
widgets such as labels, buttons, text fields, menus, and more.
Tkinter ships with Python by default. Pygame, in contrast,
uses the surface-based drawing system. Pygame also has an
event loop that works well for real-time graphics, animation,
and custom interaction patterns.

The goal in this work is to compare Tkinter and Pygame
as tools for building GUI applications. We will focus on three
aspects of Tkinter and Pygame:

— Execution performance (startup and processing time),

— User interface responsiveness,

— Relative development effort (e.g., amount of code and

conceptual complexity).

To reach the goal, we build applications that do things with
both toolkits. Then we watch how the applications work under
the conditions. The paper gives two contributions. The paper
compares Tkinter and Pygame. We based the comparison on
the set of GUI tasks.

We see that the comparison offers observations about the
abstraction level, the API design, and the ease of develop-
ment for each approach. The comparison does this for each
approach.

A. Background

Python uses Tkinter as its built-in standard library for
creating graphical user interfaces. The Tk GUI toolkit allows
developers to access native window systems through platform-
specific APIs, which include the Win32 API for Microsoft
Windows. A Tkinter application requires three main compo-
nents to function:

— A root window (Tk()),
— A collection of widget objects, including Button, Label,
Entry, and Canvas,

— Eometry managers (pack, grid, place),

— Event bindings and a main loop (root.mainloop()).

Figure 1 shows the high-level architecture of a Tkinter-based
GUI application.

The application development with Tkinter works best for
traditional desktop software, which needs structured interfaces
and basic event handling, and standard interface elements. The
application requires additional resources to handle applications
that need continuous animation and precise control of the
rendering process and frequent redrawing operations [2,3].

The standard GUI interface to Tcl/Tk exists through Tkinter,
while Pygame operates as an SDL-based event and rendering
stack [1-8]. The performance evaluation follows established
benchmarking methods, which are described in [9,10,12].

The Python module set Pygame enables developers to create
games and multimedia applications through its design. The
library SDL serves as the foundation for Pygame because
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Fig. 1. High-level architecture of Tkinter-based GUI.
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Fig. 2. Structure of the Pygame main loop.

it provides basic cross-platform functionality for graphics
and audio, and input management. The programmer needs to
handle frame updates manually in Pygame through display
surfaces while performing drawing operations and event pro-
cessing from the event queue [4,5].

The use of SDL as an intermediary between Pygame and
native OS windowing toolkits enables the framework to access
optimized graphics routines and improved control over the
rendering loop. The framework design of Pygame aligns
with OpenGL and DirectX frameworks because it handles
animation and real-time applications better than traditional
form-based toolkits.

The design of Pygame separates game loop operations
from event handling and drawing functions through distinct
programming structures. The event processing system of Tkin-
ter depends on widget event bindings, which trigger internal
toolkit events. Figure 2 shows the structure of the Pygame
main loop.

II. METHODOLOGY

The experiments took place on one machine, which oper-
ated with a matching software configuration to achieve mea-
surement consistency. The Python time.perf_counter() func-
tion measured startup and task completion times, while the
timeit module provided additional verification. The bench-
mark execution occurred ten times after a single warm-up
run, and we present the average time measurement with
optional standard deviation calculation. The system reached
readiness when the window became visible, and the first

complete frame/UI update appeared on screen (Tkinter: main-
loop() started, and first Ul update occurred; Pygame: dis-
play.flip()/display.update() executed for the first time). The
comparison between Tkinter and Pygame required us to create
identical GUI applications through both toolkits. The two sets
of programs offer identical functionality and user interface,
but they follow different programming approaches based on
Tkinter and Pygame APIs.

t0 = time.perf counter ()

import time
# initialize GUI window here

# render first frame / first UI update here

t_ready = time.perf_ counter () — t0

print (f"startup ready={t ready:.6f}s")

Listing 1. Timing measurement using perf-counter.

screen = pygame. display .set_mode((800, 600))

screen. fill ((0, 0, 0))

pygame. display . flip () # first complete frame
rendered —> ‘‘startup ready’’

Listing 2. Startup ready for Pygame.

The measurements took place on equipment running the
same operating system and hardware platform as a typical
desktop or laptop system. The measurement process for each
program started when the application launched and ended
when the GUI reached a state where users could interact
with it. The evaluation included both quantitative data about
program size and structural organization.

Execution time measurement. The Python code used
time.perf_counter() as a high-resolution timer to measure
startup and task completion times, while the timeit module
provided additional verification when needed. The benchmark
execution was repeated N = 10 times, while we displayed the
average result from each run after a brief initialization period.
The application window became ready for use when it finished
creating its first complete frame, which we used to define the
“startup ready” moment. The main loop entry and first Ul
update in Tkinter and the first display.flip()/display.update()
call in Pygame marked the point when the application reached
readiness [9,10].

We used six test applications in the comparison:

— Hello World — a minimal window with a simple message

and a button.

— Ball Animation shows a ball moving across the window.
Ball Animation is an animation that lets the ball travel
from one side of the window to the other.

— Built Black Screen as a rendering loop. Black Screen
shows the window.

— Tic Tac Toe — a small interactive game with a 3 x 3 grid
and simple game logic.

— Mario-like Demo — a simple platformer-style scene with
sprite movement.

— Built Web Request — a GUI. Web Request does an HTTP
request. Shows the result.
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Fig. 3. Example screenshot of the “Guess Number” test application.

We first built each application with Tkinter. We then rebuilt
each application with Pygame with functionality. We kept the
logic and the user interaction as similar as possible. We did
this so that the comparison looks at the GUI toolkit and not
at any differences in algorithms. Figure 3 shows an example
screenshot of the test application.

The research uses execution time (in seconds) as its pri-
mary quantitative measurement to track the time needed for
application startup until it reaches operational readiness. The
Web Request example measures the duration from when the
request starts until the response becomes visible to the user.
The study used execution time as its main metric but also
conducted qualitative assessments of three additional factors.

The study evaluated three additional factors through qualita-
tive assessment, which included code line count and interface
response speed, and programming complexity level.

III. RESULTS

Table I summarizes the measured execution times for Tkin-
ter and Pygame implementations of the six test applications.

The results demonstrate that Pygame delivers superior per-
formance to Tkinter for all evaluated tasks. The speedup factor
between Pygame and Tkinter performance reaches 2.1x for
basic tasks but exceeds 6x for tasks that involve a black
screen and web requests. The measurements indicate Pygame
operates at 3.5-3.7 times the speed of Tkinter.

The code examples showed that Pygame needed less code
to deliver equivalent results compared to Tkinter. The Tkinter
“Hello World” example needed three steps to create a root win-
dow and manage layout and bind button events, but Pygame
achieved the same result with only three steps to set up the
display surface and caption and handle quit events.

TABLE I
PROCESSING TIME FOR TKINTER AND PYGAME UNDER IDENTICAL CONDITIONS.

Program Tkinter  Pygame
Hello world 1.145 0.529
Ball animation 2.091 0.981
Black screen 0.672 0.122
Tic tac toe 3.012 1.237
Mario-like 5.197 1.783
Web request 0.156 0.023

The Python time.perf_counter() function provided high-
resolution timing for startup and task completion measure-
ments, while the timeit module confirmed specific results. The
benchmarking process involved multiple runs with an initial
warm-up execution followed by mean value calculation from
subsequent runs. The application window became visible and
displayed its first complete frame to determine the “startup
ready” time for both Tkinter and Pygame.

The experiments took place on a desktop computer with
an Intel Core i5-class CPU (4-6 cores), 16 GB RAM, an
SSD drive, and a Windows 10/11 (64-bit) operating system.
The software environment remained constant throughout all
tests because it used Python 3.11 with Tkinter/Tk (Tcl/Tk
8.6) and Pygame 2.5+. The display resolution operated at
1920 x 1080 while all benchmarks ran on the same machine
with no background applications to minimize measurement
errors.

IV. DiscussioN

The experimental results demonstrate that Pygame functions
as an efficient tool for creating GUI applications in Python,
even though its initial development focused on game devel-
opment. The performance benefits of Pygame stem from its
use of SDL as a low-level graphics and input layer, which
optimizes real-time rendering and event handling.

The programmer maintains full control over the main event
loop, which enables them to create efficient drawing methods
and reduce system overhead. The rendering system operates
through surface management of surfaces and direct pixel
manipulation, which matches the requirements of applications
that require animation. The underlying windowing system
handles most of the rendering and event processing through
Tkinter’s high-level abstractions, which results in performance
degradation during animation and high-frequency update oper-
ations.

The program loop of Pygame allows developers to maintain
a distinct separation between update operations and render
operations. The organization of Tkinter code follows widget
hierarchies and callback functions, which work well for form-
based interfaces yet present challenges when working with
real-time graphical scenes.

The general-purpose GUI toolkit Pygame faces two main
restrictions in its functionality:

— The library lacks built-in widgets that match the selection
found in Tkinter, including buttons and text fields, and
menus. Users need to create these components either by
hand or by using additional Python libraries.

— The system lacks built-in support for platform-specific
accessibility features and standard desktop appearance
settings.

The basic form and dialog applications require Tkinter as
their most suitable solution. The selection between Pygame
and Tkinter depends on the specific requirements of your
application. Developers should select Tkinter for creating
traditional desktop applications and educational programs that
need standard interface elements and basic visual customiza-
tion. Developers should choose Pygame for applications that
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