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Abstract

Of�ce buildings account for a signi�cant share of energy consumption, with heat-
ing, ventilation, and air-conditioning systems representing a major contributor.
While user behavior plays an important role in energy-ef�cient operation, occu-
pants often lack guidance on how to achieve thermal comfort ef�ciently. To address
this challenge, the DataFEE-App is being developed as a decision support system
that aims to motivate energy aware behavior through intrinsic motivation via gam-
i�cation.
Prior to this thesis, the DataFEE-App existed primarily as a conceptual prototype,
providing static recommendations and �xed point allocations that were indepen-
dent of environmental conditions. As a result, the app lacked a credible basis for
fair comparison of user actions and was not suitable for long-term �eld studies.
The goal of this thesis is to extend the DataFEE-App so that long-term user studies
become possible.
In this thesis, the DataFEE-App is extended by designing and implementing a sim-
ulation based recommendation and point system that enables context aware rank-
ing of thermal comfort actions according to their relative energy-ef�ciency. Ther-
mal comfort is treated as a baseline condition, while energy-ef�ciency is used as an
optimization criterion. In addition, gami�cation elements including points, badges,
and leaderboards are integrated to support user motivation.
The simulation is validated using established accuracy metrics and guideline val-
ues, demonstrating suf�cient absolute temperature prediction accuracy for appli-
cation within the DataFEE-App. A user test is conducted to evaluate the effects of
the introduced gami�cation elements. Results indicate that the app supports users
in managing thermal comfort and that gami�cation increases initial motivation.
However, the �ndings also show that, in its current state, the system does not yet
provide suf�cient motivation to sustain long-term use over extended periods.
Overall, this thesis represents a substantial step toward enabling long-term �eld
studies with the DataFEE-App by providing a credible simulation-based founda-
tion for gami�cation, while also identifying key challenges that must be addressed
in future work.





xiii

Überblick

Bürogebäude machen einen erheblichen Anteil am Energieverbrauch aus, wobei
Heizungs-, Lüftungs- und Klimaanlagen einen wesentlichen Beitrag leisten. Ob-
wohl das Nutzerverhalten eine wichtige Rolle für einen energieef�zienten Betrieb
spielt, fehlt es den Nutzenden häu�g an Know-how, wie thermischer Komfort
ef�zient erreicht werden kann. Um dieser Herausforderung zu begegnen, wird
die DataFEE-App als Entscheidungsunterstützungssystem entwickelt, das durch
intrinsische Motivation mittels Gami�cation energiebewusstes Verhalten fördern
soll.
Vor dieser Arbeit existierte die DataFEE-App hauptsächlich als konzeptioneller
Prototyp, der statische Empfehlungen und feste Punktzuweisungen bereitstellte,
welche unabhängig von den Umgebungsbedingungen waren. Infolgedessen fehlte
der App eine belastbare Grundlage für einen fairen Vergleich von Nutzeraktionen,
und sie war nicht für langfristige Feldstudien geeignet. Ziel dieser Arbeit ist es, die
DataFEE-App so zu erweitern, dass langfristige Nutzerstudien möglich werden.
In dieser Arbeit wird die DataFEE-App durch die Konzeption und Implemen-
tierung eines simulationsbasierten Empfehlungs- und Punktesystems erweitert,
das eine kontextabhängige Bewertung von Maßnahmen zur Beein�ussung des
thermischen Komforts entsprechend ihrer relativen Energieef�zienz ermöglicht.
Der thermische Komfort wird dabei als Grundbedingung betrachtet, während die
Energieef�zienz als Optimierungskriterium dient. Zusätzlich werden Gami�cation
Elemente wie Punkte, Badges und Leaderboards integriert, um die Motivation der
Nutzenden zu unterstützen.
Die Simulation wird anhand etablierter Genauigkeitsmetriken und Richtwerte vali-
diert und zeigt eine ausreichende absolute Genauigkeit der Temperaturvorhersage
für den Einsatz innerhalb der DataFEE-App. Zur Bewertung der Auswirkungen
der eingeführten Gami�cation-Elemente wird ein Nutzertest durchgeführt. Die
Ergebnisse zeigen, dass die App die Nutzenden beim Management des thermis-
chen Komforts unterstützt und dass Gami�cation die anfängliche Motivation er-
höht. Gleichzeitig verdeutlichen die Ergebnisse jedoch, dass das System in seinem
aktuellen Zustand noch keine ausreichende Motivation bietet, um eine langfristige
Nutzung über längere Zeiträume hinweg aufrechtzuerhalten.



xiv Überblick

Insgesamt stellt diese Arbeit einen wesentlichen Schritt zur Ermöglichung
langfristiger Feldstudien mit der DataFEE-App dar, indem sie eine belastbare sim-
ulationsbasierte Grundlage für Gami�cation schafft und zugleich zentrale Heraus-
forderungen identi�ziert, die in zukünftigen Arbeiten adressiert werden müssen.
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Nomenclature

Symbol Meaning Unit

 angle between wind direction and inward normal of

window surface

�

¤< HVAC mass �ow rate of air supplied by the HVAC system kg/s
¤& Gains internal heat gains W
¤+air volumetric air�ow rate through the open window m 3/s
¤+HVAC volumetric air�ow rate through HVAC m 3/s
¤+ in volumetric air�ow rate of incoming air m 3/s
¤+out volumetric air�ow rate of outgoing air m 3/s
� fan ef�ciency –
) solar azimuth angle �

� 0–ref reference air density kg/m 3

� air density of the passing air kg/m 3

� in indoor air density kg/m 3

� out outdoor air density kg/m 3

Bdis distance from origin to the Sun AU
� HVAC time constant for HVAC calculations s
� solar zenith angle �

®3� differential area vector normal to the window surface m 2

G x component of ®3� m2

H y component of ®3� m2

I z component of ®3� m2

®4Sun unit vector pointing from window origin toward the
Sun

–

®�Sun direct normal irradiance vector W/m 2

� w;blind;tot total window area covered by blinds m 2

� w;close;tot total closed window area m 2

� w;open;tot total window opening area m 2



xviii Nomenclature

Symbol Meaning Unit
� W window surface m 2

� , 8=3>F open window area m 2

� ? speci�c heat capacity of air J/(kg·°C)
� st thermal buoyancy coef�cient (m/s)/(m· � C)
� wnd wind coef�cient for wind-driven ventilation s/m
2�==4A,0;; thermal capacity of inner wall J/°C
2'>>< thermal capacity of room J/°C
�$% coef�cient of performance –
3C time step size s
� � HVAC cooling energy consumption J
� � energy consumed by fan J
� � HVAC heating energy consumption J
5F8= unobstructed, sun-exposed fraction of the window –
� w;fa free operable height of window m
� w;path height of window measured from �oor level m
� w;st effective height for thermal buoyancy in window ventila-

tion
m

�Sun,eff effective irradiance entering the room W/m 2

�Sun direct normal irradiance (scalar) W/m 2

�Solar solar radiation intensity W/m 2

 ? controller gain –
# number of people in room -
>Room room orientation �

?atm atmospheric pressure Pa
%tot total pressure generated by the fan Pa
@V,arg,in volumetric air�ow rate entering the room m 3/s
@V,arg,out volumetric air�ow rate exiting the room m 3/s
& user heat emitted by user J
& Ventilation total heat transferred by ventilation J
& Window total heat transferred through windows J
' thermal resistance °C/W
' CCA thermal resistance of Thermally Activated Building Sys-

tems

� � /W

' InnerWall thermal resistance of inner wall � � /W
' OuterWall thermal resistance of outer wall � � /W
' sp,air speci�c gas constant for air J/(kg·°C)
' window thermal resistance of closed window � � /W
(��� solar heat gain coef�cient –
(� ' sensible heat ratio –



Nomenclature xix

Symbol Meaning Unit
) CCA thermally activated building system temperature °C
) HVAC temperature of the air delivered by the HVAC system °C
) InnerWall inner wall temperature °C
) Mixed mixed air temperature °C
) NeighbouringRoom neighbouring room temperature °C
) Out outdoor air temperature °C
) Room indoor room temperature °C
) Set,HVAC setpoint temperature of the air delivered by the HVAC sys-

tem
°C

) Set,Room indoor room setpoint temperature °C
D wind speed m/s
Ddir direction vector of wind speed -
Deff effective wind speed entering the room m/s





1

Chapter 1

Introduction

“Der Mensch ist nur da ganz Mensch, wo er
spielt.”

—Friedrich von Schiller

Energy-ef�ciency has become a central pillar of global cli- Building energy

demand is high.mate and energy policy. Buildings are responsible for ap-
proximately one-third of global �nal energy consumption,
with non-residential buildings contributing about 8.76% of
this total energy use 1. While there are several strategies to
improve building energy-ef�ciency, including constructing
new energy-optimized structures or modernizing existing
structures, these approaches often involve high costs and
are not always feasible.

A signi�cant factor in�uencing energy consumption in DataFEE-App

motivates

energy-ef�cient

behavior through

gami�cation.

non-residential buildings is human behavior. Studies have
shown that behavioral changes related to Heating, Venti-
lation and Air Conditioning (HVAC) usage and window
operation can reduce energy consumption by up to 30%,
as demonstrated by Yan et al. [2018]. However, employ-
ees in non-residential environments are typically indiffer-
ent to the energy-implications of their actions. Conserva
et al. [2017] argue that this is largely because occupants
are neither aware of the impact of their behavior on en-

1 www.iea.org/energy-system/buildings#tracking



2 1 Introduction

ergy consumption nor �nancially responsible for energy-
costs. Even when individuals are motivated to act more ef-
�ciently, they often lack the knowledge required to make
energy-ef�cient decisions. The indoor temperature de-
pends on multiple interrelated factors, including HVAC op-
eration, window opening, room orientation, wind speed,
and solar radiation. Consequently, identifying energy-
ef�cient actions that also maintain thermal comfort can be
a complex task.
To effectively reduce energy consumption through behav-
ioral change, it is therefore necessary not only to motivate
occupants to act more energy-ef�ciently but also to guide
them in making the right decisions. In pursuit of this goal,
the DataFEE-App is being developed at the E.ON Energy
Research Center (E.ON ERC) at RWTH Aachen University.
This web-app employs gami�cation techniques to encour-
age users, in the E.ON ERC main building, to save energy.

Figure 1.1: DataFEE-App Dashboard

Figure 1.1 shows the dashboard of the DataFEE-App. InOverview of the user

interface in the current

version of the

DataFEE-App.

the top-left section, users can enter comfort-related infor-
mation, including their activity and clothing level. The
clothing input is structured into three rows representing the
upper body, lower body, and footwear. Each row contains
four selectable items arranged from left to right, ranging
from the coldest to the warmest clothing option. The items
are illustrated with icons, making the interface more intu-
itive and reducing cognitive load by minimizing the need
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for reading.
Another input �eld concerns the user's activities. This
includes specifying how mentally demanding the current
task is. The user can choose between “Low,” “Medium,”
and “High” from a drop-down menu. Below this, the user
can also select their posture, such as sitting, sitting quietly,
standing, or walking, using another drop-down menu.
The interface also includes real-time data on the environ-
mental conditions are displayed to the user. The infor-
mation includes outdoor and indoor temperatures, relative
humidity, carbon dioxide ( �$ 2º concentration in the room,
and the HVAC set-point and ventilation speed.
In addition, the outdoor temperature is shown on a graph.
A solid line represents the previously recorded outdoor
temperature, and this line continues as a dotted line to in-
dicate the predicted temperature for the rest of the day. The
indoor room temperature is displayed as a continuous yel-
low line that shows the recorded temperature throughout
the day. No dotted line is provided for the indoor temper-
ature, meaning no prediction is shown. The reference com-
fort zone is also highlighted in green, representing the tem-
perature range in which the user is expected to feel com-
fortable.
The top-right section shows the user's energy behavior
score. This is where the gami�cation aspect of the DataFEE-
App �rst becomes visible. The app encourages users to
save energy by motivating them to keep this score as high
as possible. By clicking the “SEE MORE” button, the user
can open the leaderboard depicted in Figure 1.2. There, the
user can compare their energy behavior score with that of
other users in the same building.
To obtain points, the user is required to click the button
in the lower-right corner labeled “CHANGE SETTINGS
NOW.” This opens the pop-up window shown in Figure
1.3, where the user is asked how they currently feel and
how they would like to adjust their thermal comfort. The
pop-up then changes to the window shown in Figure 1.4,
where the DataFEE-App presents recommended actions to
achieve thermal comfort. Each option is assigned a point
value based on its energy-ef�ciency. As a result, users who
choose more energy-ef�cient ways of adjusting the indoor
climate earn more points and achieve a higher ranking on
the leaderboard.
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Figure 1.2: DataFEE-App Leaderboard

The DataFEE-App is designed for use in the main buildingThe E.ON ERC Main

Building as the Basis for

the DataFEE-App's

Operation.

of the E.ON ERC in Aachen, Germany. The strongly in-
sulated walls and windows of the building reduce the en-
ergy needed for heating and cooling. Its thermal system is
based on geothermal energy. A heat pump exchanges heat
with an underground �eld of 40 boreholes, each 100 meters
deep. Warmth or cooling is distributed through the con-
crete �oors and ceilings.
If people in of�ces want additional heating or cooling, they
can use the façade ventilation units, which provide warm
air in winter and cool air in summer. Each workspace has a
thermostat that controls its unit. The user can additionally
adjust the fan speed, giving �ner control over the air�ow
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Figure 1.3: DataFEE-App
Thermal Comfort Input
Window

Figure 1.4: DataFEE-App
Thermal Comfort Options

and comfort level. Fresh air for the of�ces is provided by a
dedicated ventilation system.
As shown in Figure 1.5, this building has a cubic shape,
with of�ce spaces located along the northwest, southwest,
southeast, and northeast façades, including several corner
of�ces. It has four �oors in total. The ground �oor contains
the foyer, nearby administrative areas, and several seminar
and meeting rooms. The main entrance is on this level and
faces the southwest side of the building. Below, the base-
ment houses workshops, laboratories, and technical rooms.
The �rst and second �oors contain the primary workspaces
as well as several smaller CIP pools. The DataFEE-App is
intended for use in these of�ce areas.
The of�ce spaces are arranged along the outer edges of the
cube. At the center of the building is a spacious shared area
that connects the vertical voids and staircases. This central
space supports activities such as reading, studying, relax-
ing, and social interaction.
All in all, the E.ON ERC main building was designed from
the very beginning with energy-ef�ciency as a central goal.
This approach made it possible to construct a genuinely
sustainable building that remains future-proof in techno-
logical and functional terms, as well as environmentally
and economically.
The DataFEE-App, described above, builds on this founda-
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tion by further supporting the building's energy-ef�cient
operation without requiring users to sacri�ce their thermal
comfort.

Figure 1.5: E.ON ERC Main Building

However, the current version of the DataFEE-App still hasDataFEE-App limited by

static thermal-comfort

suggestions.

limitations. The comfort-improvement options presented
to users are static. They do not adapt to real-time environ-
mental conditions such as weather data. To fully achieve
the app's objectives, it is necessary to further develop it so
that the comfort options are dynamic, weather-responsive,
and evaluated in terms of their true energy-ef�ciency. This
enhancement would ensure that the point system accu-
rately re�ects energy-saving behavior and provides mean-
ingful motivation.
Due to these limitations, long-term user testing is currently
not possible with the app. Therefore, the primary aim of
this thesis is to enable long-term testing by further develop-
ing and implementing the DataFEE-App. This is achieved
through the introduction of a dynamic point system that re-
sponds to changing environmental conditions. Beyond im-
proving the accuracy and relevance of user feedback, this
dynamic system allows the integration of additional gami-
�cation elements beyond points and leaderboards, thereby
supporting sustained user engagement over extended test-
ing periods.



1.1 Outline 7

1.1 Outline

To demonstrate how this thesis aims to achieve the goal of
enabling long-term testing of the DataFEE-App, a clear log-
ical structure is required. This structure is outlined in the
following section.
This thesis addresses the problem of excessive energy con-
sumption in of�ce buildings and explores how energy us-
age can be reduced through optimized HVAC operation
without sacri�cing thermal comfort.
To achieve this goal, the DataFEE-App is extended with
two complementary mechanisms. These extensions consti-
tute the sole functional changes to the app and form the
basis for the subsequent evaluation. First, to enable long-
term usage, the app incorporates gami�cation elements as
a supporting mechanism for intrinsically motivated user
interaction. Second, to provide meaningful and energy-
aware recommendations for achieving thermal comfort, a
simulation-based approach is required to estimate energy
consumption and indoor thermal conditions.
Accordingly the work focuses on two interconnected top-
ics, as illustrated in Figure 1.6. The �rst topic concerns the
development of a simulation-based tool that is integrated
into the DataFEE-App to identify energy-ef�cient options
for achieving thermal comfort. The second topic addresses
the integration of gami�cation elements intended to intrin-
sically motivate users to engage with the app over longer
periods.
Chapter 2 provides the theoretical background required to
understand the methodology introduced later in the the-
sis. For the simulation component, the thermal simula-
tion approach developed by Nienaber et al. [2020] is intro-
duced, which serves as the basis for further extensions in
the methodology chapter. For the gami�cation component,
the reader is familiarized with the HEXAD model, and rel-
evant gami�cation elements are discussed in relation to in-
trinsic motivation.
Chapter 3 presents the methodology of this thesis. The
simulation model is extended to account for room orien-
tation, enabling room-speci�c thermal comfort predictions
and fair energy-aware ranking of user actions. In addi-
tion, the integration of gami�cation elements selected in the
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previous chapter is described. This chapter also provides
an overview of the backend and frontend architecture of
the DataFEE-App and summarizes the system components
modi�ed or added within the scope of this thesis.
Chapter 4 presents the evaluation results. The accuracy
of the simulation is assessed using the metrics Root Mean
Square Error, Mean Absolute Error, and squared Pearson
correlation coef�cient, which are compared against estab-
lished guideline values to determine their acceptability.
The user experience of the extended DataFEE-App, in-
corporating gami�cation elements and a simulation-based
recommendation tool, was evaluated through a user test
in which participants interacted with the app and subse-
quently completed a questionnaire.
Finally, Chapter 5 brings together the results of the sim-
ulation accuracy and the �ndings on long-term usability.
Based on this synthesis, conclusions are drawn and recom-
mendations for future work are provided.
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Figure 1.6: Conceptual Structure of this Thesis
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Chapter 2

Theoretical Foundations

To enable long-term testing, this thesis focuses on the fur-
ther development and implementation of the DataFEE-
App. In doing so, two key aspects are addressed. The �rst
concerns the gami�cation component, which aims to intro-
duce additional game elements to ensure sustained user en-
gagement and long-term use of the app. The second fo-
cuses on identifying the most energy-ef�cient options for
achieving thermal comfort. This requires the development
of an algorithm capable of evaluating and ranking these
options based on their energy ef�ciency. Accordingly, this
thesis will examine both aspects in detail in the following
sections.

2.1 Related Work on In�uencing and
Identifying Energy Ef�ciency

The concept of applications that aim to reduce energy con-
sumption by in�uencing human behavior has been ex-
plored in several previous studies. Similarly, various al-
gorithms have been proposed in the literature to determine
optimal user actions for energy ef�ciency. This chapter re-
views these existing approaches and identi�es the remain-
ing gaps that need to be addressed.
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2.1.1 Approaches to Studying and Encouraging
Energy-Ef�cient User Behavior in Of�ce Cli-
mate Control

According to Ubachukwu et al. [2025], the Living Lab En-Multiple LLEC apps

combine visualization,

feedback, and

gami�cation for energy

reduction.

ergy Campus (LLEC) at Forschungszentrum Jülich is also
developing applications aimed at reducing energy con-
sumption by in�uencing human behavior in of�ce envi-
ronments. The overall system consists of several intercon-
nected tools: the Energy Dashboard, JuControl, JuPower,
and Juracle. Together, these applications provide energy
visualization, behavioral feedback, gami�cation, and user
performance evaluation.
The Energy Dashboard serves as a visualization tool that
provides users with feedback on the heating, cooling, and
electrical demand of the campus. It displays both historical
and real-time data, helping occupants understand the over-
all energy requirements of the building infrastructure.
JuControl is a web application that delivers room-level,
real-time, and historical data on indoor conditions such as
�$ 2 concentration, relative humidity, and the state of win-
dows and doors. Users can specify their preferred comfort
range and of�ce occupancy hours. Based on this informa-
tion, JuControl proposes optimization strategies to main-
tain thermal comfort during working hours. The applica-
tion also incorporates a gami�cation component, in which
user behavior related to ventilation habits and indoor tem-
perature setpoints is analyzed and scored according to pre-
de�ned behavioral patterns.
The Juracle module evaluates user behavior by comparing
it against that of an ideal occupant. This comparison is
based on an optimal setpoint temperature and ideal venti-
lation duration, calculated for different conditions. For in-
stance, continuous or “tilt” ventilation during the heating
season is discouraged, as it is generally considered energy-
inef�cient in Germany. Deviations from the ideal behavior
result in penalties within the gami�ed evaluation system.
A notable characteristic of this approach is that it de�nes
optimal setpoint temperatures and ventilation durations
for longer, prede�ned periods. However, these values may
vary considerably depending on changing external condi-
tions. In contrast, the DataFEE-App focuses on assessing
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user comfort and providing feedback in real time. Instead
of enforcing general behavioral rules (e.g., avoiding tilted
windows in summer), the DataFEE-App dynamically cal-
culates the most energy-ef�cient options to achieve ther-
mal comfort under current environmental conditions. This
allows for adaptive, moment-to-moment guidance rather
than static behavioral recommendations.

The Annex 66 project of the International Energy Agency's Annex 66/79 improve

modeling of occupant

behavior for accurate

energy simulations.

Energy in Buildings and Communities (IEA-EBC) pro-
gramme 1 focuses on accurately modeling and quantifying
the impact of human behavior on building energy use, both
for energy prediction and simulation purposes. Its succes-
sor, Annex 79 2, expands upon this work by integrating ad-
ditional methods such as big data analytics and machine
learning to further improve prediction accuracy.
Although Annex 66 and Annex 79 offer valuable insights
into understanding and simulating occupant behavior,
especially in relation to HVAC operation and window-
opening habits, their focus remains primarily on behavior
prediction and estimation. However, they do not focus on
actively improving user behavior or on strategies for effec-
tively communicating energy-ef�cient actions to occupants.

2.1.2 Approaches to Achieving Thermal Comfort
with Minimal Energy Use

To achieve thermal comfort through optimal operation of Common comfort

strategies rely on

outdoor and setpoint

temperatures for

window guidance.

windows and HVAC systems, several control strategies
have been proposed. The majority of these methods are
based on the work of Wang and Greenberg [2015], where
outdoor temperature and the HVAC setpoint temperature
are used as the main parameters to determine whether win-
dow opening is recommended. As a general rule of thumb,
this approach has proven to be effective and straightfor-
ward for improving indoor comfort while maintaining rea-
sonable energy ef�ciency.

However, when applying this algorithm to multiple rooms Fair recommendation

system needs to

consider room

orientation, occupancy,

and internal heat gains.

1 https://www.annex66.org/
2 https://annex79.iea-ebc.org/
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within the same building, several limitations emerge. In
such cases, users across different of�ce spaces are presented
with the same control options, even though the room ori-
entation, occupancy, and internal heat gains can vary sig-
ni�cantly. For instance, south-facing of�ces may experi-
ence much higher solar gains than north-facing ones, and
rooms with more occupants or electronic devices will nat-
urally have higher internal heat loads. Providing identical
comfort options across all of�ces therefore reduces both the
accuracy and fairness of the system. To ensure fair and re-
liable recommendations, as many relevant environmental
and contextual factors as possible should be considered in
the decision-making process.

Other control strategies, such as those proposed by LiuAdvanced methods

consider more weather

conditions but still

produce uniform

recommendation.

et al. [2021], additionally incorporate parameters like rel-
ative humidity into the window-opening logic. However,
this factor is generally less critical for ventilation control
in climates, where humidity levels are typically moderate,
such as in Germany. Tognon et al. [2023] further suggest
adapting ventilation strategies according to the season, dis-
tinguishing between heating, cooling, and transitional pe-
riods.
The core limitation of these approaches remains the same:
they tend to produce uniform control outputs for all of�ces
within a building, without accounting for local differences
such as room orientation, occupancy density, or equipment
load.

To overcome these limitations, the simulation model de-Dynamic

recommendations

possible by using

simulation.

veloped by Nienaber et al. [2020] can be employed. This
model uses a set of differential equations to calculate indoor
temperature for a time horizon of approximately 4–5 hours.
Unlike simpler models, it incorporates internal heat gains,
solar gains, concrete core activation, and wall heat transfer,
in addition to outdoor temperature and HVAC operation.
However, it does not explicitly account for heat exchange
due to window operation, which can be integrated as an
additional term in the model equations. The calculated in-
door room temperature can be used to check whether the
room con�guration would be able to achieve the desired
thermal comfort level.
Furthermore, this simulation framework can also be ex-
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tended to estimate the energy consumption associated
with different operational choices, such as opening win-
dows versus using the HVAC system. The HVAC energy
consumption can be calculated following the method de-
scribed by Noubissie Tientcheu et al. [2019], while addi-
tional calculations would be required to account for tran-
sient energy use when switching HVAC systems on or off.

2.2 Foundations of Gami�cation

As previously discussed, occupants of non-residential Gami�cation fosters

intrinsic motivation for

lasting energy-saving

behavior.

buildings often do not feel responsible for saving energy
and therefore lack motivation to adopt energy-ef�cient be-
haviors. Several approaches can be used to encourage be-
havioral change. Monetary incentives, for example, may
initially increase motivation. However, their effectiveness
tends to decline over time due to the overjusti�cation effect,
where external rewards reduce intrinsic motivation once
the incentives are removed, as suggested by Deci [1971].
To ensure long-term engagement and sustainable behav-
ioral change, fostering intrinsic motivation is therefore
more effective. One promising approach for achieving this
is the use of gami�cation, supported by the �ndings of
Wang et al. [2025]. Gami�cation is commonly de�ned as
“the use of game design elements in non-game contexts”
according to Deterding and Khaled [2011]. By incorporat-
ing elements such as points, feedback, and competition,
gami�cation seeks to make routine or non-engaging tasks
more enjoyable and rewarding, thereby encouraging users
to consistently participate in energy-saving behaviors.

2.2.1 Player Typologies in Gami�cation:
The HEXAD Model

To enable long-term testing, the application must be adapt- Personalization via

player types improves

long-term engagement

in gami�ed systems.

able to a wide range of individual users. Achieving this
requires a deeper understanding of the user characteris-
tics that in�uence behavior within a gami�cation system.
Although users could be classi�ed based on demographic
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variables such as gender, age, or cultural background, or
even combinations of these factors; Tomé Klock et al. [2020]
suggests that personalization is often more effective when
it is based on player typologies. These typologies segment
users according to their psychographic traits, motivations,
and behavioral patterns.
Several player-type models have been proposed in the lit-
erature, including Bartle's Player Types [1996], the Brain-
Hex archetypes [2014], and the HEXAD model. Among
these, the HEXAD model by Marczewski [2023] has become
the most widely used framework in gami�cation systems
aimed at in�uencing behavior, as it focuses explicitly on
motivational drivers rather than gameplay mechanics.
The HEXAD model distinguishes six player types, each
characterized by distinct motivations and preferences. Ta-
ble 2.1 summarizes these underlying motivations for each
player type and the corresponding game elements sug-
gested by Tondello et al. [2016].

By understanding these motivational pro�les, gami�cationTailoring game

elements to player

types strengthens

engagement and

long-term use.

systems such as the DataFEE-App can be personalized by
incorporating speci�c game elements that appeal to each
player type. This ensures that every user can engage with
aspects of the system that align with what they �nd most
enjoyable and motivating, whether it is social interaction,
autonomy, mastery, or purpose. Such a tailored design en-
courages sustained use of the application, as users remain
engaged through elements that resonate with their intrinsic
motivations. Indeed, as noted by Kotsopoulos et al. [2018],
a gami�ed application promoting energy-saving behavior
in the workplace can become part of users' daily habits
if it includes at least progression, levels, and points as
motivational elements.

For Philanthropists, one of the recommended elements isBadges, leaderboards,

and points target

motivations of all player

types.

collection. This is integrated into the DataFee-App through
a system of badges. Socializers, are motivated by social
comparison, which is implemented through leaderboards.
Free Spirits, bene�t from Easter Eggs, which also appear
as part of the badge system. Achievers, are driven by clear
progression, so the app includes levels represented through
experience points. Players, are generally motivated by
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Player Type Motivated by Suggested
Game Elements

Socializers � relatedness
� social interac-
tion

� guilds or teams
� social networks
� social comparison
� social competition
� social discovery

Free Spirits � autonomy
� self-expression

� exploratory tasks
� nonlinear
gameplay
� Easter eggs
� unlockable content
� creativity tools
� customization

Achievers � mastery
� personal devel-
opment

� challenges
� certi�cates
� learning new skills
� quests
� levels/progression
� epic challenges
(“boss battles”)

Philanthropists � purpose
� meaning

� collection and
trading
� gifting
� knowledge
sharing
� administrative
roles

Disruptors � change
� innovation

� innovation
platforms
� voting
mechanisms
� development tools
� anonymity
� anarchic gameplay

Players � extrinsic
rewards (points,
prizes)

� points
� rewards/prizes
� leaderboards
� badges / achieve-
ments
� virtual economy
� lotteries/games of
chance

Table 2.1: HEXAD Player Types and corresponding Game
Elements
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external rewards, meaning all previously mentioned ele-
ments are suitable for them as well.
The Disruptor, type is more challenging, since game el-
ements for this group often involve chaos or interfer-
ence, which does not �t the app's objectives. However,
anonymity can serve as a motivating factor. The leader-
boards are already planned to be anonymous due to data
protection requirements, and this also helps address the
Disruptor pro�le.
In summary, the integration of experience points, badges,
and leaderboards ensures that each Hexad user type is ad-
dressed by at least one motivational game element.

2.2.2 Gami�cation Challenges in the Context of
Green IS

The use of technology to support sustainable development
has been explored in various projects and is commonly
referred to as Green Information Systems (Green IS). The
DataFee-App can also be classi�ed within this category.
However, implementing Green IS solutions can be chal-
lenging, and many things can go wrong if they are not
carefully designed and managed. To ensure success, it is
essential to understand potential pitfalls and address them
proactively.

Kirchner-Krath et al. [2024] have identi�ed several chal-Addressing challenges

identi�ed through

expert reviews.

lenges that may arise in Green IS projects, along with strate-
gies to avoid them. In total, 55 challenges were outlined in
this work. Through expert evaluation, 26 of these were rec-
ognized as the most signi�cant. This selection process in-
volved eight experts, each choosing their most critical chal-
lenges from the list. Any challenge selected by at least three
experts was deemed particularly relevant.
Some of these key challenges have already been addressed
in the current version of the app. For instance, one major
challenge concerns negative attitudes toward smartphone
use, which is mitigated by the fact that the DataFee-App is
a web-based application. Other challenges, such as the lack
of role models or social pressure, extend beyond the scope
of this master's thesis. By discarding the previously men-
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tioned challenges, the 26 key challenges can be reduced into
the following 11 challenges:

• C1: Perception as part of work

• C2: Lack of personal need

• C3: Organizational rules that impede adoption

• C4: Forgotten in everyday work

• C5: Perception as unmotivating

• C6: Effort too high

• C7: Bugs in functionality

• C8: Unful�llability of tasks

• C9: Con�ict with work tasks

• C10: Lack of long-term motivation

• C11: Decrease in novelty

Regarding C1, one could argue that the current state of the Gami�cation planned to

resolve several key

challenges.

app already addresses this challenge, since adjusting the
room temperature to achieve thermal comfort is usually
performed by users either way. However doing this pro-
cess via the app, makes users provide information about
their current thermal comfort and indicate how it should be
adjusted before performing any action. Even though this
process is brief, it still introduces extra steps that may be
perceived as additional work, particularly in a workplace
environment. The same reasoning applies to C3, C6, C8,
and C9.
Challenges C2, C4, C5, C10, and C11 are planned to be
addressed through gami�cation. The next chapter will fo-
cus on these challenges by introducing experience points,
badges, and leaderboards.
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2.3 Climate Control
Optimization Strategy

To implement a gami�ed system that promotes energy-
ef�cient behavior by ranking various thermal comfort
strategies based on their energy consumption, a reliable
method for estimating the energy use of each option is re-
quired. This section outlines the approach used to calculate
the energy consumption of these different strategies.

2.3.1 Predictive Estimation of Energy Usage

Assessing the energy demand associated with thermal con-Energy demand for

thermal comfort is

estimated via simulation

to compare alternative

control strategies.

trol requires estimating how much energy is consumed un-
der different operating conditions. In this work, the focus
lies on comparing alternative strategies for achieving ther-
mal comfort, including hypothetical variations in HVAC
usage and window operation. To enable such comparisons,
energy consumption must be estimated in a way that is
comparable across different users and rooms.
One way to achieve this is through fully dynamic, physics-
based building simulations, for example using Modelica-
based libraries such as AixLib3 in combination with tools
like Dymola 4, which allow a detailed representation of
building services, control strategies, and thermal mass.
When combined with thermal zone models, for instance
through co-simulation with EnergyPlus 5 or Spawn of En-
ergyPlus6, these approaches can represent interactions be-
tween rooms, the building envelope, HVAC systems, and
user behavior. Such methods are well suited for detailed
system analysis.
However, these holistic simulation approaches also involve
signi�cant challenges. The parametrization and calibration
of large multi-zone models are complex, especially for real
buildings with incomplete or uncertain data. In addition,

3 https://github.com/RWTH-EBC/AixLib
4 https://www.3ds.com/de/products/catia/dymola
5 https://energyplus.net/
6 https://www.energy.gov/eere/buildings/articles/spawn-

energyplus-spawn
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such simulations can be computationally expensive and
sensitive to modeling assumptions. For the intended ap-
plication, simulation results must be available quickly and
reliably, as users are expected to receive ranked options for
achieving thermal comfort based on estimated energy con-
sumption in near real time.
As an alternative, a simpli�ed simulation model has been
proposed in the literature by Nienaber et al. [2020]. This
approach is based on a reduced thermal room model that
predicts the temporal evolution of the room air tempera-
ture as well as the temperature of the air supplied by the
HVAC system. The model focuses on dominant heat �ows
and user-in�uenced parameters, while neglecting detailed
system dynamics. As a result, it offers increased robustness
and low computational effort, at the cost of reduced physi-
cal detail.
Building on this modeling approach, energy consumption
is not obtained directly from a detailed system model, but
is instead derived from simulated room temperatures and
HVAC supply air temperatures. This enables an estima-
tion of energy demand that remains closely linked to user
actions, such as setpoint changes, HVAC operation, or win-
dow opening, while keeping the simulation structure sim-
ple. The resulting energy metric is therefore well suited for
comparative analyses, where relative differences in energy
demand are of primary interest.
In the context of this work, the objective is not to deter-
mine the absolute energy balance of a building with maxi-
mum accuracy, but rather to enable a fair comparison of en-
ergy demand associated with different user behaviors un-
der comparable boundary conditions. For this purpose, en-
ergy usage is estimated based on a simpli�ed room air tem-
perature simulation following Nienaber et al. [2020], from
which HVAC energy demand is derived.
Energy demand related to thermal control arises mainly
during HVAC operation. However, this does not imply that
window opening is energy-neutral. While opening a win-
dow often leads to temporary HVAC deactivation, subse-
quent system reactivation may result in higher energy de-
mand than continuous operation. The following subsec-
tions describe how energy demand is estimated for HVAC
operation and for window-related effects within the chosen
simulation framework.
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2.3.1.1 Assessing HVAC Energy Consumption
via Heat Flow

An HVAC system typically operates by extracting air fromHVAC energy

consumption

fundamentals.

the room and mixing it with outdoor air, creating what is
known as mixed air. This mixed air is then directed to the
inlet, where it is conditioned, either heated or cooled, de-
pending on the setpoint temperature. Once conditioned,
the air is distributed back into the room using a fan, help-
ing to maintain the desired level of thermal comfort. When
the HVAC is operating energy will be consumed by con-
trolling the temperature of the inlet and by operating the
fan of the inlet. The consumed energy can be calculated as
done by Noubissie Tientcheu et al. [2019].

� � =
¤< HVAC � ?¹) HVAC � ) Roomº Ï � �

�$% heating
(2.1)

� � =
¤< HVAC � ?¹) HVAC � ) Roomº Ï � �

�$% cooling � (� '
(2.2)

Two separate formulas are used to calculate the energy con-
sumption of the HVAC system. One formula applies to
heating and the other to cooling. Both rely on the same
fundamental principle.
In each case, the numerator represents the total energy de-
mand of the HVAC system. This comprises two compo-
nents: the energy consumed due to heat exchanged be-
tween the HVAC system and the room, and the energy con-
sumed by the fan, denoted by � � .
The energy consumption due to heat exchanged between
the HVAC system and the room is expressed as:

¤< �+ �� � ?¹) �+ �� � ) '>>< º

where:

• ¤< �+ �� is the mass �ow rate of air supplied by the
HVAC system,

• � ? is the speci�c heat capacity of air,
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• ) �+ �� is the temperature of the air delivered by the
HVAC system,

• ) '>>< is the indoor room temperature.

The energy consumed by the fan � � can be calculated as:

� � =
¤+HVAC � %C>C

�

where:

• ¤+HVAC is the volumetric air�ow rate,

• %C>Cis the total pressure generated by the fan,

• � is the ef�ciency of the fan.

The total energy demand of the HVAC system does not di- COP links thermal

demand to electrical

use.

rectly correspond to the electrical energy consumed. For
both heating and cooling, this relationship is governed
by the Coef�cient of Performance ( �$% ), which indicates
how much electrical energy is required to deliver a given
amount of thermal energy.
In cooling mode, the Sensible Heat Ratio ((� ' ) is also con-
sidered. (� ' represents the fraction of total cooling ca-
pacity used to remove heat, that does not involve moisture
removal. In regions with low humidity, such as Aachen,
Germany, latent heat loads are minimal. Therefore, it is rea-
sonable to assume(�' � 1, simplifying the cooling energy
calculation.
Furthermore, it is well established in thermodynamics that
cooling processes generally result in greater energy losses
than heating. This is re�ected in the relationship:

�$% heating = �$% cooling Ï 1

This implies that, for the same amount of thermal energy
transferred, more electrical energy is required for cooling
than for heating. In other words, cooling is less energy-
ef�cient than heating.
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2.3.2 Indoor Room Temperature Simulation

The heating load of the HVAC system provides a suf�-Accurate energy

estimation is essential

for dynamic

recommendations to

achieve thermal

comfort.

ciently accurate basis for estimating energy consumption.
This load is directly proportional to the temperature dif-
ference between the HVAC supply air ) HVAC and the in-
door room temperature ) Room. Accurately determining this
temperature difference at all times requires a simulation
model capable of dynamically estimating both values. Al-
though this adds complexity to the system, it is a necessary
step. Precise energy comparisons between different ther-
mal comfort strategies are essential for achieving the objec-
tives of this thesis.
Without accurate energy estimates, the gami�cation as-
pect of the application could only promote general energy
awareness rather than guiding users to consistently select
the most energy-ef�cient option for achieving thermal com-
fort in real time.
Despite the added complexity, the solution remains appli-
cable across different of�ce buildings, since the simulation
can be implemented on a standard computer using any
general-purpose programming language. The following
section introduces the core concepts behind the simulation
model used in the DataFEE-App.

Nienaber et al. [2020] have developed a simulation modelThermal simulation

model predicts indoor

temperature using

heat-�ow dynamics.

capable of predicting both indoor temperature and ) HVAC

within a room. The model is based on solving a system
of differential equations and is inspired by the principle of
capacitor charging from electrical engineering. In this anal-
ogy, the room is modeled as a thermal capacitor capable of
storing heat energy. Accordingly, the room is assigned a
thermal capacity 2Room (in J/°C), representing the amount
of energy required to change the room's temperature by
one degree Celsius.
The rate of change in indoor temperature over time 3)Room

3C
multiplied by this thermal capacity, yields the net heat
�ow into the room. This net heat �ow can also be ex-
pressed as the sum of all heat gains and losses in the system,
thereby providing the necessary inputs to solve the differ-
ential equation descriging the indoor room temperature.
In this paper, the model accounts for heat gains from
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the HVAC system, concrete core activation, neighboring
rooms, outdoor temperature through the building enve-
lope, and solar radiation.

2Room � 3)Room
3C = � ? � ¤< HVAC � ¹) HVAC � ) Roomº
Ï 1• ' CCA ¹) CCA � ) Roomº

Ï 1• ' InnerWall � ¹) InnerWall � ) Roomº
Ï 1• ' OuterWall � ¹) Out � ) Roomº

Ï �Solar � � Window � 5win Ï ¤& Gains

(2.3)

The principle used to calculate heat �ow remains consistent By convention heat

entering the room is

positive and heat exiting

is negative.

across all sources. Heat �ow is proportional to the temper-
ature difference between the heat source and the sink. As
established in basic thermodynamics, heat naturally �ows
from the hotter to the colder region. This means that the
room can act either as a heat source or a heat sink, depend-
ing on the current temperature dynamics. By convention,
positive values of heat �ow indicate that heat is entering
the room, while negative values indicate that heat is leav-
ing the room.

The heat �ow from the HVAC system is calculated as de- Heat �ow from HVAC

and surroundings

modeled via

temperature differences

and resistance.

scribed in subsection 2.3.1.1.
The heat �ow originating from external sources, such as
the outdoor environment, surrounding walls, and adjacent
rooms, is calculated using the same fundamental principle.
Whether the room acts as a heat source or sink is deter-
mined by the temperature gradient. The resulting heat �ow
is then scaled by a constant' , which represents the thermal
resistance between the source and the sink, respectively.
This resistance governs how much heat is transferred per
time step and is expressed in units of °C·s/J. It can be inter-
preted as a linear factor that quanti�es the ease or dif�culty
with which heat �ows between two regions.

Solar heat gains are calculated differently from other forms Solar radiation adds

heat independently of

temperature

differences.

of heat exchange, as they do not depend on a temperature
gradient. Since solar radiation can only add energy to the
system, it consistently acts as a heat source, and the direc-
tion of heat �ow is always into the room. The heat �ow
from solar gains is determined by multiplying the solar ra-
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diation intensity, �Solar (measured in J/m²·s), by the effective
area through which solar energy enters the room. This ef-
fective area is calculated as the product of the total open
window area � Window and the fraction of the window that
is unobstructed and exposed to sunlight 5win .

To model the temperature dynamics of the inner wall,Inner wall uses

differential equation to

model heat storage and

transfer.

Nienaber et al. [2020] employed an additional differential
equation. This equation is based on the same fundamen-
tal principle as the one used for the indoor room tempera-
ture. The inner wall is assigned a thermal capacity 2InnerWall ,
which de�nes how much thermal energy it can store per
degree Celsius. By multiplying this capacity with the time
derivative of the wall temperature 3) InnerWall

3C , one can quan-
tify the heat stored or released by the wall over time.
The inner wall exchanges heat with two potential sources
or sinks: the room being simulated and its adjacent neigh-
boring rooms. The direction and magnitude of heat �ow
are determined by the temperature differences between the
inner wall and each of these spaces. This difference is di-
vided by the thermal resistance of the wall ' InnerWall , mul-
tiplied by a factor of two.

2InnerWall � 3) InnerWall
3C = 1• ' InnerWall � 1

2 � ¹) InnerWall � ) Roomº
Ï 1• ' InnerWall � 1

2 � ¹) InnerWall � ) NeighbouringRoom º
(2.4)

The supply air temperature ) HVAC must also be simulated.Modeling HVAC supply

air temperature using

an additional differential

equation

Accurate prediction of ) HVAC is essential not only for mod-
eling indoor room temperature but also for estimating the
energy consumed by the HVAC system. To achieve this,
Nienaber et al. [2020] incorporated an additional differen-
tial equation speci�cally designed to simulate the evolution
of ) HVAC .

3)HVAC

3C
=

) Set,HVAC � ) HVAC

� HVAC
(2.5)

This equation models ) HVAC as approaching the setpoint
temperature of the air supplied by the HVAC system to the
room ) Set,HVAC . The approach is assumed to be linear, with
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the rate of change in ) HVAC per simulation time step gov-
erned by the time constant � HVAC .
) Set,HVAC is determined by an internal HVAC controller,
which is modeled as a proportional controller. The con-
troller gain is denoted by  ?. The purpose of this con-
trol strategy is to adjust ) Set,HVAC such that the desired
room temperature ) Room,Set is achieved. It should be noted
that the HVAC system operates within de�ned temperature
limits. It cannot cool below 16 � � or heat above 33� � .

) Set,HVAC = 16� � Ï
tanh¹ ? � ¹) Set,Room � ) Roomºº Ï 1

2
�¹33� � � 16� � º

(2.6)
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Chapter 3

Methodology and
Approach

In this chapter, the process of integrating the elements dis-
cussed in the previous chapter is examined in detail. Since
the focus of this work lies both in the concept of gami�ca-
tion and the room temperature simulation, each topic will
be addressed separately in the following sections. Further-
more, an overview is given of the original structure of the
DataFEE-App and the adjustments made to implement the
methods discussed in this chapter.

3.1 Integration of Gami�cation Elements

In the previous chapter, the Hexad user types were intro-
duced, along with the selection of suitable gami�cation el-
ements intended to address the motivations of each user
type. The chosen elements were experience points, badges,
and leaderboards. In this section, the implementation of
these elements in the DataFee-App is described in detail,
while also considering the challenges outlined in subsec-
tion 2.2.2.
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3.1.1 Experience Points (XP)

The introduction of "Experience Points" is intended primar-
ily to motivate users to save energy and to continue using
the DataFEE-App over the long term. However, this must
be achieved without requiring users to sacri�ce their ther-
mal comfort. To ensure this, the point-earning algorithm
must take these factors into account and always prioritize
user comfort above all else.

3.1.1.1 Algorithm for Determining Experience Points

The algorithm, illustrated in Fig 3.1, begins with the user'sGaining experience

points does not come in

cost of thermal comfort.

input. The user speci�es a desired thermal comfort range
by indicating whether they would prefer the room to be-
come warmer, cooler, or remain at the current temperature
in the near future. Based on this input, the application cal-
culates a target temperature range that should be reached
within a maximum of 30 minutes.
To achieve thermal comfort, several actions are available,
such as opening the windows, tilting the windows, or ad-
justing the HVAC settings. The simulation model, which
is explained in more detail in the next section, evaluates
all possible options by determining whether they can reach
the target comfort range within 30 minutes and whether
the resulting comfort level can be maintained for at least
30 minutes. This second condition is especially relevant for
window-based strategies, since an optimal solution might
involve opening and closing windows in intervals of only
one to �ve minutes.

The simulation estimates the energy consumption of eachSimulation ranks

comfort actions by their

energy ef�ciency and

assigns points

accordingly.

option until lunchtime (12:00) when used in the morning
or until the end of the workday (17:30) when used in the
afternoon. From all feasible options, the three most energy-
ef�cient ones are selected, provided that at least three exist.
The most energy-ef�cient option is awarded three points,
the second most ef�cient receives two points, and the third
receives one point. If only two options are available, the
more ef�cient one yields three points and the less ef�cient
one yields one point. If only one option leads to thermal



3.1 Integration of Gami�cation Elements 31

comfort, typically an HVAC adjustment, this option also
grants three points. The idea behind this system is that
thermal comfort remains the highest priority, and therefore
earning three points must always be possible.

Figure 3.1: Point Earning Algorithm Overview

3.1.1.2 Additional Point-Earning Mechanisms

Obtaining points is strongly tied to the simulation process. Minimizing required

input at the cost of

points.

As discussed in the previous chapter, providing the neces-
sary information to achieve thermal comfort can be time-
consuming. Even if the process takes only around 30 sec-
onds, it may still create additional stress in a work environ-
ment. This relates directly to several challenges: C1 (Per-
ception of work), C6 (Effort too high), C8 (Unful�llability
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of tasks), and C9 (Con�ict with work tasks).
The input regarding the desired comfort level cannot be
avoided, since it is essential for identifying viable options to
achieve thermal comfort. However, there are several addi-
tional inputs that provide useful information to the simula-
tion but are not strictly required. These include information
about the user's clothing, the physical intensity of the cur-
rent activity, the user's posture, and the number of people
present in the room.
The simulation can function without these inputs, although
its accuracy decreases. This creates an opportunity to re-
ward more motivated users with so called "Info Points".
Providing this optional information contributes an addi-
tional two points to the daily score. Users who are less
motivated or who perceive the additional input effort as
too high can still use the app without limitations, but they
receive fewer points.

3.1.2 Badges

The following challenges (C2: Lack of internal need, C4:Badges enhance

motivation and address

key challenges.

Forgotten in everyday work, C5: Perception as unmotivat-
ing, and C10: Lack of long-term motivation) are addressed
through the implementation of badges. According to Park
and Kim [2019], badges are an effective tool for providing
feedback on user progress and for sustaining motivation
over time.
In addition, the use of badges supports different player
types. Philanthropists can engage with collection elements,
free spirits bene�t from hidden “Easter-Egg” badges and
players who are intrinsically motivated receive continuous
acknowledgment of their efforts.

These various badge types will be discussed in the follow-
ing subsections.

3.1.2.1 Info Badges

The process of earning "Info Points" has already been de-Info Badges reward

optional inputs with

playful achievements.
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scribed. These points are obtained by providing informa-
tion that supports the simulation. It is evident that earning
such points is relatively easy and largely optional. The pur-
pose of this badge type is to encourage new players to col-
lect easily attainable points and to reward player types who
respond well to frequent, low-effort rewards. Accumulat-
ing more of these points increases the number of badges
within the category of "Info Badges".
According to Marczewski [2023], badge design is more ef-
fective when badges are given playful names. For this rea-
son, the badges in this category will follow a playful nam-
ing style. The table below lists the available "Info Badges"
and the information point thresholds required to obtain
them.

Name Info Points
First Input 2
Data Whisperer 20
Spreadsheet Intern 200
Data Scientist 600
Spreadsheet Board Member 1000
Chief Entry Of�cer 1400
Lord of Input 2000

Table 3.2: Info Badge Table

In the DataFEE-App, the "Info Badges" are displayed visu- Pro�le tab shows

earned Info Badges for

user motivation.

ally within the user's pro�le section. They can be accessed
through the pro�le tab, where users �nd an overview of all
badges they have earned as well as those still available to
unlock. Each badge is represented with its name and a vi-
sual icon, allowing users to easily track their progress and
identify which "Info Badges" they have already achieved.
This central placement within the pro�le helps ensure that
the badges remain visible, reinforcing user motivation and
offering a clear sense of advancement throughout the sim-
ulation.
All "Info Badges" in the DataFEE-App, are presented in Fig-
ures 3.3-3.9. These badge icons were designed using ar-
ti�cial intelligence. Any icon or playful image presented
from here on forward has been created using arti�cial in-
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