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Abstract. As road transportation has been identified as a major con-
tributor of environmental pollution, motivating individuals to adopt a
more eco-friendly driving style could have a substantial ecological as
well as financial benefit. With gamification being an effective tool to-
wards guiding targeted behavioural changes, the development of realis-
tic frameworks delivering a high end user experience, becomes a topic of
active research. This paper presents a series of enhancements introduced
to an eco-driving gamification platform by the integration of additional
wearable and vehicle-oriented sensing data sources, leading to a much
more realistic evaluation of the context of a driving session.
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1 Introduction

Road transportation greatly aggravates environmental pollution given the fact
that approximately 30% of the total CO2 emissions worldwide derive from in-
ternal combustion engines used in motorized vehicles [5]. Abolishing highly pol-
luting engines and replace every car with an electric one is probably the proper
method for tackling pollution, however this will not happen overnight. It is there-
fore essential to motivate drivers towards adopting a more eco-friendly driving
style for actually having a chance of achieving any substantial ecological or fi-
nancial benefit. Alas, an individual’s driving style is fused by a series of factors
often including psychological, cultural and societal ones which are difficult to
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identify as well as change. Yet, gamification proved to be an effective tool to-
wards guiding targeted behavioural changes and focusing on such methods could
be something worth considering.

Gamification is directly correlated with the introduction of specialized, game-
related guidelines utilized to facilitate the subconscious adoption of a desired
behaviour. Users are encouraged to follow specific ways of dealing with is-
sues through the stimulation of intrinsic personal traits, often referred as core
drives [1]. The stimulation of core drives such as (i) accomplishment, (ii) em-
powerment of creativity, (iii) ownership, (iv) relatedness, (vi) scarcity, (v) un-
predictability and (vi) curiosity, greatly increase user interest, commitment and
involvement towards concluding any given task. Individuals are motivated and
essentially guided to adopt pre-defined execution patterns via a playful experi-
ence, specifically designed to elevate awareness and negative outcome provision
ability, all through participation in a seemingly simplistic game.

As stated in [1] the main pillars of gamification combine a large variety of
verticals such as technological platforms, user experience and game mechanics
optimization, motivational psychology and behavioural economics, all glued to-
gether through an underlying business logic. Following a more person-oriented
approach, Kim et. al [2] suggested differentiating between intrinsic and extrin-
sic rewards while Yu-Kai Chou proposed the Octalysis actionable gamification
framework [1] which incorporates previous approaches in an attempt to realisti-
cally determine elements which make games both meaningful and fun.

It becomes obvious that eco-driving could be significantly improved through
a gamification platform which will guide users towards adopting a more environ-
mental friendly driving attitude. The rest of the paper is organized as follows:
Section 2 presents some of the elements for designing realistic eco-driving gami-
fication platform while Section 3 focuses on how accumulating data from vehicle
and wearable sensors boosts the platform’s realism and further engages users.
Section 4 describes the prototype implementation process and finally, Section 5
draws conclusions and summarizes the paper.

2 Gamification framework prototype for improving
eco-driving behaviour

The original prototype of the gamification platform was developed primarily
to motivate users to adopt an eco-friendly driving style through real-time push
notifications and auto-generated feedback. Safe driving was not to be compro-
mised in any way therefore all platform-oriented messages were designed to be
non-intrusive allowing drivers to focus on the road. The Octalysis actionable
gamification framework was taken into consideration, yet without neglecting
complementary gamification methodologies, each with significant benefits. All
playful interventions were adapted to the characteristics of the driver by a ded-
icated module that was based on cutting-edge user models for expressing one’s
driving behaviour.



Fig. 1. Gamification flowchart designed to improve eco-driving behaviour

The interaction between users and the gamification platform was designed
to be made via their real driving sessions, the tracking of which was rendered
possible by dedicated equipment carried on board. The cornerstone of this equip-
ment was the driver’s smartphone and the variety of features it integrates, such
as the accelerometer and the GPS Navigation system. Additional, more direct
parameters related to one’s specific driving skills such as hard/soft braking as
well as an overall aggressiveness score linearly linked to the total number of brak-
ing/accelerating actions per minute, were calculated, associated with the driver’s
profile and stored for future reference. Figure 1 presents a flowchart of the overall
process which allowed drivers to improve their eco-driving skills through serious
gaming [3]. All elements are tailor-made to automatically align with the various
levels of player experience which progressively increases as the game progresses,
while each level has distinctive characteristics, features and objectives.

As shown in Figure 1, each driving session mainly contributes to the creation
of the Trip Ecoscore which is the most important gamification mechanism. It
provides information to the user regarding the eco-driving quality of the pre-
vious session and is immediately correlated to the overall progress. Moreover,
it acts as the basis for every possible reward generation, thus is directly linked
with the core drives of the Octalysis gamification framework [1]. Obtaining an
acceptable Trip Ecoscore is the key for (i) earning Badges, (ii) collecting points
which improve the overall Driving Skills, (iii) be rewarded with access to Knowl-
edge Cards which unlock Missions and consequently Trophies. Badges, Driving
Skill score and Trophies are visible to the platform’s Leaderboard, an online Hall
of Fame where eco-driving record scores are kept. In addition, each user owns
an Avatar acting as their virtual representation, starting from a basic avatar
and gradually unlocking multiple avatar outfit parts during their progression in
the game. The avatar is displayed in the driver’s Profile, a crucial gamification
element as it provides a clear view of a player’s progression in all aspects of the
game.



3 Increasing realism through sensor data assembly

Despite the overall functionality of the implemented prototype, some issues were
soon identified. Relying on the smartphone’s accelerometer for getting a rough
estimation of the vehicle’s driving condition proved to be an inaccurate approach.
The system failed to expose the significant variations in cruising speed when
those occurred after smooth acceleration or braking, thus returned an erroneous
Trip Ecoscore value estimation. Fast moving vehicles were treated the same way
with slow moving ones, when speed remained consistent for a longer duration of
time, a behaviour which does not comply with the real consumption and CO2
emission. This situation was tackled with the introduction of additional metrics
obtained from two additional categories of sensing devices each contributing
with specific bits of information for filling the gaps and reproduce the context of
each route in a realistic manner. A high level architecture of the new Mobility
Monitoring Network prototype is presented in Figure 2.

Fig. 2. High level architectural diagram of the Mobility Monitoring Network prototype

For implementing a driving behaviour monitoring framework which will re-
veal the condition of both the vehicle as well as the driver, it is essential to
record a series of physiological, behavioural, environmental and vehicle param-
eters. Therefore, input was obtained from two major sensing categories, vehicle
and driver-oriented.

1. Vehicle sensors measuring gear shifts, tire pressure, temperature and oil
are already integrated to modern cars by virtually every manufacturer, linked
through an internal controller area network (CAN) for ensuring robust com-
munication. Data can be retrieved using an on-board diagnostics (OBD)
controller and reveal a detailed log of the vehicle’s condition on any given
time.



2. Wearables are attached to the driver’s body and non-intrusively record
aspects of his physiological condition. The obtained traces (raw data) are
encrypted and stored in the internal memory of the device remaining avail-
able for further process.

The smartphone retained the role of the main coordination node due to the
large number of communication interfaces, caching and processing capability it
supports as well as the auxiliary data sources it incorporates. The overall func-
tionality of establishing communication with all necessary devices, retrieve data
and process them accordingly was integrated into the gamification application of
the original prototype. Moreover, techniques for data-preprocessing, customized
for extracting the most significant information [4] were also integrated. For the
preliminary prototype evaluation and without the loss of generality, only data
regarding vehicle speed, engine rounds-per-minute (RPM), braking, throttle po-
sition and driver heartbeats per minute were collected for creating matrices
stored in a per-trip fashion. The smartphone acted as a data aggregator that
accumulated sensor values, added a timestamp and created a .CSV file. This
file was also populated by additional content retrieved from the smartphone’s
GPS which indicated the exact positioning of the driver/vehicle. At the end of
each route, the .CSV file was transmitted to the Cloud Storage Repository using
affiliated WiFi or 4G/LTE network connection.

4 Gamification accuracy

Unlike the original prototype which only relied on acceleration and speed changes,
it is now possible to obtain additional and highly accurate information for brak-
ing, RPM and throttle position. This lead to a more precise eco-score function
which penalizes high level of engine RPM, is associated with gear shift-up while
cruising and subtracts points for cases of abrupt braking and high acceleration,
in correlation with the driver’s heartbeat condition. Moreover, a complementary
metric, the aggressiveness score penalizes high lateral acceleration, abrupt brak-
ing and high variances in throttle position and RPM. Both metrics contribute to
the Trip Ecoscore value which remains crucial for every stage of the game. Eco-
score is comprised of five parameters, shift-up parameter, braking parameter,
acceleration parameter, RPM parameter and cruising parameter. All parame-
ters are computed within a 30 seconds temporal window. For each metric, we
utilize a sigmoid function σ(x) and a weighted histogram function that assigns
each event to a bin depending on the intensity of the event. σ(x) is defined as

σ(x) = a2 +

(
a1

a4 + e(a3·[x−x0])

)
(1)

where parameters a1 to a4 are experimentally defined.
The aggressiveness score calculation is based on parameters such as (i) en-

gine RPM variance, (ii) braking intensity and (iii) acceleration magnitude. As
expected, high variance of engine RPM, especially when paired with higher than



normal heartbeat rate, indicates driver nervousness and improper vehicle han-
dling. In most cases, significant fluctuations in engine RPM occur when drivers
are not focused on smooth cruising and overall safe driving but tend to con-
stantly accelerate, thus minimizing their fuel efficiency, eco-friendliness and con-
sequently the overall road safety. Given a temporal window of t = 30 seconds,
the aggressiveness score AGRPM derived only from engine RPM fluctuation is

AGRPM =
s2RPM

µ
(2)

where s2RPM is the engine RPM variance and µ is an experimentally defined pa-
rameter. Another metric not available in the first prototype is Braking Intensity
BI, calculated by correlating vehicle deceleration and braking duration, during
the online analysis phase. This metric cumulatively contributes to the compu-
tation of aggressiveness score given the fact that abrupt braking events indicate
both poor planning and low level of situation awareness regarding road condi-
tions from the driver’s side. The braking intensity aggressiveness score BIAG is
equal to

BIAG =
Ba

Ba +Bs
(3)

where Ba is the number of abrupt braking events and Bs is the number of
smooth braking events within the aforementioned temporal window.

5 Conclusions

This work presented an ongoing effort to improve a fully functional eco-driving
gamification platform prototype by integrating additional datasets obtained by
vehicle and wearable sensors. The introduction of a holistic and highly accurate
data retrieval platform greatly optimizes the overall in-game experience, which is
now directly linked and fully correlated with the actual driver, vehicle and route
conditions. Preliminary results indicate that drivers were able remain actively
engaged in all gaming activity, while the ultimate goal of endorsing a more eco-
driving behaviour is achieved.
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