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Chapter 1: Introduction

Game development is an iterative process, and understanding how players actually experience
a game is central to making it better. Playtesting is the primary method developers use to
gather this understanding, but it is demanding. Even with a dedicated quality assurance
developer, a single observational "think aloud" playtest can take hours of focused attention,
and the insights it produces are limited by what one person can notice and record at a time.
For indie developers and small teams, who often do not have dedicated QA staff, this problem
is increased further by limited time, budget, and expertise.

The idea for this project originated during the production of Skybound, a �rst-person
adventure game developed as part of a DADIU collaboration. During that project, user testing
proved to be labour-intensive and dif�cult to scale. This experience raised a question: could
the process of extracting meaningful data from playtests be made faster, cheaper, easier, or
more accessible without sacri�cing the quality of the insights produced?

Existing solutions offer partial answers to this question. Some existing tools collect teleme-
try data automatically, but require separate software for visualization. Others are tightly cou-
pled to speci�c genres. Much of the state of the art is proprietary, and the examples that are
not, often demand signi�cant development effort before they become useful. None combine
data collection and in-engine visualization in a way that is both generic and immediately
accessible to a developer opening a Unity project for the �rst time.

This report describes the design and development of Lytix, a free and open-source Unity
editor plugin that attempts to address these gaps. Lytix integrates player movement trails,
spatial heatmaps, custom event logging, in-scene feedback notes, and variable tracking into a
single work�ow inside the Unity editor. The tool was designed with two guiding constraints:
it should work across as many game types as possible, and it should require minimal setup
to produce useful results.

1



Chapter 2: Background

2.1 DADIU

"Det Danske Akademi for Digital, Interaktiv Underholdning" is a Danish game development pro-
gram connected to the National Film School of Denmark. It brings together students with
different skill-sets and from different institutions to collaborate on game production in a
team-based, industry-like environment, giving them practical experience in their roles such
as programming, design, art, and audio. [2]

2.2 Skybound

Skybound is a Video Game created by the authors of this project, along with other students
in a DADIU Collaboration.

The game is a �rst person adventure game about moving fast and completing obstacles
on various �oating islands using magical artifacts. The game features sprinting, a grappling
hook, fast paced movement obstacles, bonus optional collectible pickups (Okki'i), storyline
with NPC's and more.

During production of Skybound mutiple quantitative user tests were done, which proved
labour intensive and not very scalable. This sparked the idea of this project, to lessen the
labour time and increase the value extracted from playtesting.

2



2.3. Game telemetry 3

2.3 Game telemetry

Game telemetry involves the automated collection, transmission, and analysis of in-game data
such as player positions, movement paths, session durations, interactions, and custom events
like deaths or pickups. This reveals how players actually engage with a game. For devel-
opers, especially indie studios and smaller teams, this matters because manual playtesting is
labor-intensive, limited in scale, and prone to bias[12]. It often misses subtle patterns like un-
intended routes or frustration points that drive churn. Yet implementing telemetry typically
demands signi�cant custom coding for data capture plus separate external tools for visualiza-
tion and analysis. This creates barriers to entry and slows iteration for resource-constrained
teams. [6]

2.4 Playtesting

Playtesting is a Games User Research (GUR) method used to evaluate design decisions based
on feedback gathered from players [4]. The primary goal is to help developers achieve their
design intent and identify potential problem areas by measuring and analyzing player be-
havior. While large studios maintain dedicated playtesting teams, Mirza-Babaei et al. [13]
establish that this is rarely achievable for indie studios, as playtesting typically requires spe-
cialized equipment and expertise that smaller teams typically lack, and the associated costs
make frequent testing impractical.

Common methods such as behavioral observation, think-aloud tests, and interviews can
provide valuable insight, but are time-consuming to conduct and analyze, and require a level
of expertise that not all developers possess. A promising complement to these manual meth-
ods is telemetry-based data collection, where gameplay events and player positions are logged
automatically. Mirza-Babaei et al. [13] note that developers who had telemetry logging built
into their game bene�ted from spatial analysis tools such as heatmaps, enabling behavioral
insights at a scale that manual observation alone could not achieve. However, implementing
telemetry requires development effort and separate tooling to visualize the data, putting it
out of reach for many indie developers. Mirza-Babaei et al. [13] conclude by identifying tools
that can ef�ciently organize and visualize playtesting data as an important area for future
development, a gap that Lytix directly addresses.

2.5 Unity Software

Unity is a widely used game engine and development platform that helps creators build
interactive 2D and 3D games for multiple devices. It provides tools for designing, scripting,
testing, and publishing games in one environment, which makes it especially practical for
small teams and solo developers.

Indie developers often choose Unity because it combines accessibility with �exibility. It
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is widely used for its relatively easy learning curve, strong documentation and community
support, and the ability to build for multiple platforms from one project, which helps small
teams move quickly and keep costs down [1]. Unity also gives indies access to a large Asset
Store and production-ready tools, so developers can prototype faster and �ll gaps without
needing a big studio budget.

At the time of writing, Itch.io, a website to host, distribute and sell indie games, report
that 306000 games reportedly use Unity engine. Other engines include Godot at 94200 games,
Construct at 51000 games, GameMaker at 27300 and Twine at 23000 games. [10] This means
that approximately 60% of games hosted on Itch are made using Unity. Other sources report
similar statistics, usually more conservatively at 50%. [16] [5]



Chapter 3: State of the Art

3.1 Visualizing player data

Hoobler et al. present Lithium[9], an in-engine visualization system designed to support high-
level observation of competitive behavior in multi-user virtual environments [9]. Their sys-
tem accesses game data through a client-side API, which allows tracking of player positions,
health, score, and other combat-related events during gameplay. Rather than logging data for
external of�ine analysis, Lithium visualizes telemetry directly within the running game client
using overlays.

Figure 3.1: Visualization of an Occupancy Coverage Map, displaying a combat scenario between red and blue
players [9]

The system provides both local and global visualizations. Local visualizations include re-
cent movement paths, bullet traces, and �elds of view, which visually represent individual
player actions, interactions, and affordances. Global visualizations aggregate telemetry into a
grid-based coverage map that is rendered as a color-coded overlay on the game terrain, high-
lighting higher-level patterns such as team occupancy, combat intensity, and support �re. In
contrast to later work that emphasizes spatial analytics for developers, Hoobler et al. focus
primarily on real-time, in-engine visualization to support spectators and observers in under-
standing large-scale team strategies and match dynamics.

5



3.2. Automatic gameplay telemetry 6

3.2 Automatic gameplay telemetry

Years later, IO Interactive report the use of an in-engine data collection system integrated into
the development of Kane & Lynch: Dog Days (KL2), in which gameplay telemetry is automat-
ically logged directly from the game engine [7]. The system records gameplay metrics and
spatial data.

This data is then loaded into an external visualization tool, enabling developers to in-
spect and analyze recorded play sessions. Notably, the tool supports the visualization and
comparison of multiple metric layers simultaneously.

Figure 3.2: Example visualization from Kane & Lynch: Dog Days, displaying Enemy kills; location vs. health and
�nally locations of death [15]

By combining spatial layers such as player positions, lines of �re, weapon types, movement
paths, and player deaths, developers are able to identify patterns of player behavior and dis-
tinguish between different play styles. The authors highlight how this analysis differentiates
high-pressure, short-range gunplay from more static long-range, sniper-like behavior, which
in turn can inform futher game design decisions and balancing.

3.3 Scalability

Wallner and Drachen extend prior work on spatial gameplay analytics by proposing a visual-
ization approach speci�cally targeted at large-scale player movement data [17]. Their method
aggregates player trajectories into a vector �eld representation, which is visualized using Line
Integral Convolution to highlight dominant movement directions and �ow patterns across a
game map. Alpha shapes are then applied to approximate the spatial extent of player activity,
thereby excluding areas that were not traversed.

Similar to the previous approach, the method operates on telemetry data collected from
in-engine gameplay sessions and is intended for analysis in an external visualization environ-
ment. The proposed technique aims to address scalability and visual clutter issues present in
earlier spatial analytics approaches that rely on overlapping layers.
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3.4 Flatponies solution (indie studio)

In addition to academic and industry literature, informal insights from contemporary indie
development practices further support the relevance of telemetry tools. Through a dialogue
with the game development team Flatponies, who implemented a custom player-tracking
system, it was observed that even relatively simple visualizations, such as player movement
trails with velocity-based color encoding, were considered both successful and worthwhile,
despite requiring roughly a month of development effort. Their system, initially developed
as a side project, is already being expanded with additional metrics such as player health and
death locations to support dif�culty tuning. Notably, the team did not explore existing tools
prior to implementation, suggesting a lack of accessible or widely adopted solutions in this
space. These observations reinforce the notion that indie developers both bene�t from and
are willing to invest in telemetry systems, while also highlighting an opportunity for more
comprehensive, ready-made solutions that reduce development overhead and support deeper
analysis. The full exchange with Flatponies can be read in appendix A.

3.5 Summary

Collectively, this body of work motivates the development of a generic, engine-integrated
telemetry plugin that enables automatic data collection and in-engine visualization, support-
ing developers in identifying design pitfalls, preventing player quit-moments, and making
informed, data-driven design decisions.

3.6 Problem statement

From our background and conclusions based on researching state of the art, we create the
following problem statement:

How can we create an open source, free to use tool for quality assurance testing. How can we make
the tool generic, such that it �ts as many types of games as possible. What features should this tool
have, and how should they be implemented.



Chapter 4: Featureset

4.1 Design Motivation

A key design decision was to implement Lytix as a Unity plugin rather than as an external
standalone tool. Integrating Lytix directly into the Unity Editor allows developers to collect,
visualize, and act on player data without leaving their development environment. This in-
tegration reduces friction in the feedback loop. Data is immediately visible in the desired
context, overlaid on the actual game world rather than given through a separate application.
An external tool would require data export, format conversion, and context-switching, all of
which slow down the iterative design process.

Existing openly available analytics platforms, as discussed in the State of the Art, tend to
specialize in either quantitative telemetry or qualitative feedback collection, rarely combining
both within a single tool. Lytix should address that gap by unifying both types of data
collection with one coherent implementation. Each feature should answer a different type of
design question, and their combination into one tool should enable richer and more actionable
insights than any single feature could provide in isolation.

Several design principles guided the development of Lytix. Lytix should be intended to be
non-intrusive. Data collection should only add minimal overhead to the game experience, and
should overall not interfere with normal gameplay unless desired. Lytix should be designed
to be genre-agnostic, and should support a wide range of game types from 2D platformers
to 3D open-world games. Finally, minimal setup was a priority. Developers should be able
to integrate Lytix into an existing project with little con�guration and still be able to gain
valuable insights.

4.2 Player Trails

The Player Trails feature displays the individual path taken by a single player throughout a
play session, enabling precise inspection of movement sequences for a speci�c user rather
than summarizing behavior across many.

Player trails allow developers to analyze how individuals navigate the game environment.
For example, a trail may reveal that a player hesitated or moved erratically in a particular area,
suggesting confusion or unclear objectives. It may show that a player took an unintended
route, skipped signi�cant portions of the level, or reached the end faster than expected and
missed out on something. In some cases, abnormal movement patterns (such as a vertical line
extending out of bounds) can indicate technical issues like collision errors or falling through
the map.

This focus on individual behavior makes player trails a natural complement to the aggre-
gated spatial views described in the following sections, supporting both micro-level behavioral
investigation and broader pattern analysis.

8
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Figure 4.1: Player trails of a jumping section in Skybound

4.2.1 Temporal trail

When browsing a group of player , it might be confusing or overwhelming, and additionally
while player trails function to show a players path, it does not show how they made that path
step by step. This is where temporal trails step in.

When selecting temporal trails, a user may select a singular �le to follow. This highlights
that speci�c trail, and removes every other trail from view. From here, the user can scrub
through the selected �le, This allows the user to follow step by step, potentially uncovering
how unintended routes were accessed.

Additionally, temporal trails also isolate other features on a per-player basis, like events
and feedback notes. This allows the user to see what players created what events at a glance.



4.3. Heatmap 10

4.3 Heatmap

Heatmaps are widely recognized as a state-of-the-art visualization technique for analyzing
player behavior. Their relevance and usefulness have been well established in both game
analytics research and industry practice. [18]

This feature enables developers to visualize aggregated player position data, revealing
where players spend the most time within a game environment. Such information provides
valuable insight into player movement patterns, area engagement, and spatial distribution
across the map.

By analyzing these patterns, developers can identify high-traf�c areas that may bene�t
from additional polishing, optimization, or content expansion. Conversely, areas with little
or no player presence can be examined more closely. Low population cells may indicate un-
clear navigation, lack of incentives, unintended design barriers, balancing issues, or technical
problems.

In addition, heatmaps allow developers to evaluate whether player behavior aligns with
intended design goals. If players consistently deviate from the expected �ow of the level, this
may suggest a need to adjust level layout, visual guidance, reward placement, or gameplay
mechanics.

Overall, the heatmap serves as a data-driven decision-making tool that supports iterative
design and informed re�nement of game environments.

Figure 4.2: Heatmap
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4.3.1 Heatmap Settings

Since games vary signi�cantly in terms of world size, spatial scale, movement mechanics,
camera perspective, and gameplay structure, a single static heatmap con�guration would not
be suitable for all use cases.

To address this variability, the system includes customizable settings such as toggles and
adjustable parameters. These allow developers to adapt the visualization to their speci�c game
context, helping ensure that the resulting heatmap accurately re�ects meaningful behavioral
patterns. This �exibility ensures that Lytix remains applicable across diverse game genres and
design requirements, rather than being constrained to a single prede�ned con�guration.

Cell size

The Cell Size slider controls the spatial resolution of the heatmap by adjusting the size of
the grid cells used to aggregate player position data. A larger cell size groups a greater
number of positional samples into a single cell, resulting in a smoother and more generalized
visualization. Conversely, a smaller cell size increases spatial precision, producing a more
detailed representation of player movement patterns.

This parameter allows developers to control the �delity of the visualization according to
their analytical needs. For high-level overviews of player distribution, a larger cell size may be
preferable, as it highlights broader behavioral trends. For more �ne-grained analysis such as
identifying precise choke points or narrow traversal paths, a smaller cell size provides greater
detail.

By enabling dynamic adjustment of spatial aggregation, Lytix supports both macro-level
and micro-level analysis within the same dataset.

Opacity

The Opacity slider controls the transparency of the heatmap. If the heatmap is fully opaque,
the underlying environment becomes obscured, making it dif�cult to interpret the spatial
context of the data. On the other hand, if the heatmap is too transparent, important patterns
may become dif�cult to distinguish due to interference from the visual noise of the level itself.

Providing a continuous adjustment between full transparency and full opacity allows de-
velopers to balance visibility of the heatmap data with clarity of the game environment. This
ensures that spatial patterns can be interpreted accurately while maintaining suf�cient con-
textual awareness of the level layout.

The opacity control therefore enhances usability by allowing the visualization to be adapted
to different visual styles, lighting conditions, and analytical preferences.

Contrast

Player position frequencies can vary signi�cantly across cells, often spanning a large dynamic
range. A purely linear mapping between aggregated counts and color intensity may therefore
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result in poor perceptual differentiation. In particular, heavily traf�cked areas may visually
saturate, making it dif�cult to distinguish between moderately high and extremely high den-
sities.

To address this, Lytix applies a non-linear normalization to cell values before mapping
them to a color gradient. A user-controlled contrast parameter allows developers to skew the
distribution in either direction: increasing contrast emphasizes differences in high-density re-
gions, while decreasing it makes variation in lower-density areas more visible. This improves
perceptual clarity and allows the visualization to be adapted to the statistical characteristics
different datasets.

Percentile Range

The Percentile Range slider allows users to �lter which cells are displayed on the heatmap based
on their relative player density. By selecting a minimum and maximum percentile, developers
can choose to show only the highest-density cells, the lowest-density cells, or cells within a
middle range. For example, a range of 0.05-1 will exclude the bottom 5 percent of cells, while
a range of 0-0.95 will exclude the top 5 percent.

This feature makes it easy to highlight different patterns of player movement. Display-
ing the most densely populated cells can reveal the main path frequently taken by players,
while showing only the least visited cells can help identify underutilized areas. Focusing on
medium-density cells can provide insight into secondary paths or areas of moderate activity.
A developer might also use the upper bound to remove cells where players were forced to
stand still, preventing stationary waiting periods from skewing the visualization.

In addition to revealing speci�c patterns, percentile �ltering reduces visual clutter by hid-
ing cells outside the selected range, allowing developers to concentrate on the most relevant
portions of the heatmap without distraction.
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4.4 Variable tracking

Variable tracking is a feature which allows the user to specify speci�c code variable they wish
to track over time. It is up to the speci�c developer what they wish to track for their speci�c
game or playtesting use case. Examples might include health points, currency or movement
velocity.

The tracked variables can be used to create �lters, or since they are part of the collected
data �les, and tracked in each entry over time, they can also be used in a separate user-created
program to further analyse data

4.5 Filter

The Filter feature allows the developer to open a separate window containing a table of all
tracked variables and recorded telemetry attributes. This interface provides functionality for
sorting and �ltering player data entries based on speci�c criteria.

Through this window, developers can isolate subsets of data to analyze particular game-
play conditions or player states. For example, if the goal is to examine how player behavior
varies depending on the weapon currently equipped, the developer can �lter the dataset to
include only entries associated with a selected weapon. All unrelated entries are temporarily
excluded from the analysis. These �lters also apply to the heatmap and player trails features.

This targeted �ltering enables more precise investigation of player behavior under speci�c
circumstances. By narrowing the dataset to relevant conditions, developers can identify pat-
terns, compare gameplay variations, and make more informed balancing or design decisions.

Figure 4.3: The Lytix �lter window as seen from the editor, �ltering away all data except for when the MouseGame-
Player has a speed equal to 4 or more
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