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ABSTRACT
Hospital acquired infections are one of the major problems
of healthcare in the world, resulting in increased morbidity
and mortality. This problem could be minimized by simply
performing good hand hygiene. However, due to factors like
forgetfulness, healthcare workers still have low levels of hand
hygiene compliance. The main method to monitor compli-
ance levels, direct monitoring, is very expensive both in time
and money. We propose a gamification solution capable of
providing feedback about compliance levels and at the same
time motivate people to improve their behaviour. This so-
lution requires many different components working together
each posing different challenges, which will be discussed in
this document. In this thesis we propose a model of steps
to minimize such challenges impact. The bottom layer of
the model corresponds to the indoor location technology, for
which we reviewed and compared some alternatives. Above
that, an AMS is used to monitor hand hygiene, whose data is
presented using gamification. For the gamification layer, we
used the solution proposed in the OSYRISH project. This so-
lution’s interface (the upper layer of the model we propose)
was evaluated using user testing, and although it still needs
developing the results were considered acceptable.
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INTRODUCTION
Hospital Acquired Infections (HAIs) are one of the biggest
problems in healthcare around the world[16]. HAIs cause
extra-days of hospital stay, increase the cost for both hospitals
and patients as well and contribute to higher morbidity and
mortality rates.

Preventing this particular type of infections can be done in a
simple and inexpensive manner: performing hand hygiene at

the right moments. Nevertheless, the compliance by Health-
care Workers (HWs) is still far from desired levels.

There are several factors leading to this low level of com-
pliance with hand hygiene guidelines, like lack of time, for-
getfulness and skin damage caused by products used in hand
hygiene[5].

Despite the existence of several methods to measure the hand
hygiene compliance rates, direct observation is still consid-
ered the golden standard. This method is very expensive and
time-consuming.

For this reason, there is a need for new and innovative ways
to monitor and improve HWs’ compliance with hand hygiene
guidelines. A earlier attempt at solving this problem was part
of the Organizational and Informational System to Improve
the Management of Healthcare Associated Infections in Hos-
pitals (OSYRISH)1 program[12]. The solution aimed at mea-
suring HWs’ hand hygiene compliance levels in a fun and
innovative way. However, this solution had several obstacles
before it could be properly deployed and tested. Several in-
door location technologies were tested to track the position of
HWs in order to accurately monitor their hand hygiene com-
pliance, none produced good enough results for pilot testing.

This thesis builds on that solution’s work, and proposes a way
for minimizing the problems in the development of a gam-
ification based solution of an system capable of monitoring
hand hygiene compliance and presents the development of
said solution.

The research was conducted using the Design Science Re-
search Methodology (DSRM), a problem-solving process
based on the understanding and formulation of a design prob-
lem[14].

The main goal of this methodology is the creation and evalu-
ation of artefacts. These artefacts which can be constructs,
models, representations, methods or instantiations must be
useful. They should be able solve unsolved problems in in-
novative ways, or solve already solved problems in a more
efficient or effective way[14].

RELATED WORK
In this section, which corresponds to the Identify problem
step of DSRM, we present the results of our analysis of the
literature related to our study.

1OSYRISH: http://osyrish.org accessed January 2018

http://osyrish.org


Hand Hygiene Monitoring
Monitoring hand hygiene compliance is essential to measure
HWs’ performance so they can improve their rates. For this
purpose we need to understand the WHO 5 moments for hand
hygiene[22].

As seen in Figure 1, these five moments are: before touch-
ing a patient; before a clean/aseptic procedure; after body
fluid exposure risk; after touching a patient and after
touching patient surroundings.

Figure 1. The 5 moments for hand hygiene according to the WHO
[22]

There are many different ways of measuring a HW’s compli-
ance with these guidelines.

The golden standard is direct observation. Although this is
the only method capable of measuring the technique used to
perform hand hygiene and the most accurate method, training
an observer requires has a very high cost both in time of time
and money. Not only that, but this method also suffers form
Hawthorn’s effect as the observed HWs tend to alter their be-
haviour when being observed[8].

Fighting these problems resulted in the creation of Auto-
mated monitoring Systems (AMS). These systems can moni-
tor HWs’ compliance without them feeling observed and ex-
tract less biased data.

Monitoring with AMS has some drawbacks as the cost asso-
ciated with implementing and maintaining such systems can
be high. Also, healthcare workers may sometimes feel un-
comfortable with being monitored this way[20].

The main challenge when implementing an AMS is the in-
door location system. Without knowing if the HW was near
a patient bed or used a sink or solution dispenser we cannot
calculate the hand hygiene compliance level.

This is considered a challenge because in indoor environ-
ments the occlusions created by the buildings and different
materials as well as the need for pin point accuracy in a small
make GPS (Global Positioning System) ineffective.

There are several solutions for indoor location based on dif-
ferent technologies and positioning methods. This results in
the need for an evaluation of the solutions before starting to
build an AMS.

Indoor Location
Indoor location technologies use signal propagation proper-
ties to calculate the position of a subject in an indoor envi-
ronment. Some of these properties are: Angle Of Arrival
(AOA)[17], Time of Arrival (ToA)[2], Time Difference of Ar-
rival (TDoA)[2] and Difference Time of Arrival (DToA).

Methods used to perform the indoor location can vary, some
examples are: triangulation[17, 9], trilateration, proximity,
scene analysis[9] and dead reckoning[9].

The most common technologies taking advantage of some
of these methods are infrared (IR)[15], ultrasound[4] and the
ones based in Radio Frequency (RF): Bluetooth Low Energy
(BLE)[23], Wi-Fi[23, 6], Ultra Wide Band (UWB)[19] and
RFID tags[18].

Considering the specificities of the problem the best approach
seems to be to use proximity or triangulation. Technology
based in RF is less expensive than the alternatives. This
means a good approach to our problem is to find a RF based
technology that uses triangulation or proximity methods to
perform indoor location.

Gamification
Gamification is widely accepted as the use of game elements
in non-game contexts[7].

One of the main uses of gamification is the creation or rein-
forcement of a particular behaviour. In another words, gam-
ification is used in order to motivate people to behave in a
certain way. This doesn’t mean develop games to be played.
It means using the same principals game designers use when
developing a game to transform a real world experience into
something rewarding so people can be intrinsic motivated to
perform the desired behaviours[21, 7].

The main concepts we need to understand are those demon-
strated in Figure 2. These concepts are organized as a pyra-
mid because each level we descend its less abstract than the
one before.

Dynamics are big-picture aspects of the game that we must
be aware but can never directly implement into the game.
Some examples of dynamics are emotions, constraints, sto-
ryline, progression, and relationships.

Mechanics are the next level of the pyramid, each one is a way
of achieving one or more dynamics. They are what prompts
the action forward and generates player engagement. Chal-
lenges, chance, competition, cooperation, feedback, resource
acquisition, rewards, transactions, turns and win state.



Figure 2. The 5 moments for hand hygiene according to the WHO

Components are the most specific forms of dynamics. The
most commonly used components are, points, badges and
leaderboards. There are many other components: avatars,
teams, virtual goods, among others.

Gamification is not a one size fits all and each projects needs
to be evaluated to understand if it is indeed gamifiable[21].
The reason why it is so important to understand what is gam-
ification and how it can be applied is because sometimes to a
poor understanding projects end up failing.

In healthcare there are some examples of the use of gamifi-
cation. On example was the gamification of the study pro-
cess by medical residents to improve their score in American
Board of Surgery In-Service Training Examination[11]. An-
other used gamification to improve physical activity, health
care utilization, medication overuse, empowerment, and dis-
ease knowledge of the patients affected by rheumatoid arthri-
tis[1].

Finally, the OSYRISH project proposed the use of gamifi-
cation as a mean to improve HWs’ hand hygiene compli-
ance levels. This project used indoor location technologies
to monitor and measure the hand hygiene compliance levels.
The information was then gamified in a platform as badges,
levels, rankings, etc. to motivate the HWs to improve their
behaviour. In this platform the HWs could share documents
about the hand hygiene topic, review their levels across a pe-
riod of time and find out the collective objectives.

PROPOSAL
The main objective of our work was to show the neces-
sary steps to take when implementing a gamification system
for hand hygiene compliance in an healthcare environment.
These steps were:

• Accurately monitor hand hygiene compliance levels.

• Create a cheap, high accuracy, low battery consumption,
automated and non invasive monitoring system for hand
hygiene compliance.

• integrate the AMS with the gamification platform

• Validate the system prior to deployment.

Implementing a gamification based solution to improve hand
hygiene compliance in HWs can be a challenging task[13].
To minimize the difficulties of developing this type of solu-
tion, and achieve the objectives above, we propose the Archi-
Mate model in Figure 3.

The solution consisted of five layers:

• Indoor Location Hardware: Indoor location technology
equipment capable of transmitting raw position data (coor-
dinates, signals for proximity detection,...)

• Indoor Location App: Software algorithms capable of
transforming the raw positioning data into data capable of
being used in the automated monitoring system

• Automated Monitoring System: Set of algorithms to
transform the position data into hand hygiene compliance
metrics

• Gamification Platform: Platform responsible for gamify-
ing the hand hygiene compliance metrics

• Gamification Platform Interface: Part of the gamifica-
tion platform the users interact with

We chose to build the solution in an incremental manner be-
cause a gamification platform can not be properly deployed or
tested without the data to gamify and the data serving as input
for the gamification platform is the HWs’ compliance met-
rics, which in turn are calculated by an AMS based on indoor
location data. The indoor location data is the result of filter-
ing and extracting information from various sensors capable
of monitoring HWs’ actions. Another important element to
take into consideration is the way the gamified information is
presented to the users, that is why the gamification platform’s
interface is represented on the model.

As we can see each layer requires the one below to be imple-
mented. Only when all of these layers work together can the
solution be properly tested.



Figure 3. ArchiMate architecture model of the proposed solution

DESIGN & DEVELOPMENT
We started by considering three different technologies for the
indoor location hardware. Pozyx2, a solution using UWB and
triangulation; Saninudge3, a solution which the technology
cannot be disclosed due to confidentiality agreement and Es-
timote4 beacons a solution based on BLE and using proxim-
ity.

Based on the results discussed in Section , we chose Estimote
beacons as our base layer for the solution.

In order to communicate with the beacons we used Estimote’s
Software Development Kit to build an Android app. This
app handle three different triggers: onEnter when the mobile
phone enters the beacon range; onExit when the mobile phone
exits the beacon range and oncontextChange that is triggered

2Pozyx: https://www.pozyx.io/ accessed January 2018
3Saninudge: https://www.saninudge.com/ accessed February
2018
4Estimote: https://estimote.com/ accessed June 2018

when the number of beacons in range changes, if we are be-
tween two beds for example.

The beacons have the parameter tag to allow us to group bea-
cons so the device can perform the same actions when it en-
counters the same tag. Unfortunately, if a mobile phone is
waiting for the exit event of a certain tag it will not scan for
different tags. This means, that if a dispenser is close to a
bed and we use the tag ”dispenser” the device will not de-
tect the use of a dispenser and it will register a non complied
opportunity.

To solve this problem we used the Estimote Telemetry5 pack-
ets which act as an interruption. In particular we used the
motionState property which describes if the beacon is mov-
ing or not and the urrentMotionStateDurationInSeconds that
gives us the duration of the movement.

We also set the beacon to transmit only when in motion. This
had to be done to avoid a flood of information to the mobile
phone that would block the scanning for the tags.

After the data was collected we used it as input for the AMS
to calculate the relevant metrics, opportunities to perform
hand hygiene, percentage of complied opportunities, among
others.

The AMS ignored each visit to a patient’s bubble with a du-
ration under 2s. We considered this interval as a HW just
passing by or a wrong signal detection. If the duration of the
visit was considered valid the AMS registered the opportu-
nity. Then, the AMS checked what was the previous event
detected. If it was a bed, same or other the HW had not com-
plied with the guidelines for hand hygiene. On the other hand,
if the previous event was the use of a dispenser the HW com-
plied with the hand hygiene guidelines.

Since the dispenser for hand hygiene can be in the hallways
far from the beds, we considered the interval of 30s as the
maximum time interval between the dispenser use and the
patient’s bubble entrance. For any time interval greater than
those 30s we considered the HW didn’t go directly from the
dispenser to the patient’s bubble. All the time intervals should
be adjusted on a case by case basis and further real world test-
ing is required.

With all the metrics available the remaining step is to gamify
them. This was done by integrating the AMS with the gami-
fication platform developed during project OSYRISH as this
platform was developed with the help of HWs.

An important part of gamification is the way the information
is presented to the users, trough the interface. During the
OSYRISH project tests were never conducted to evaluate the
interface, for this reason we conducted our own and the re-
sults can be seen further in this report.

EVALUATION
In order to choose between Pozyx, Saninudge, Estimote we
needed to perform tests on these technologies and see how
they aligned with our solution.
5Estimote Telemetry: https://developer.estimote.com/
sensors/estimote-telemetry/ accessed in June 2018

https://www.pozyx.io/
https://www.saninudge.com/
https://estimote.com/
https://developer.estimote.com/sensors/estimote-telemetry/
https://developer.estimote.com/sensors/estimote-telemetry/


A solution based in Pozyx would consist of a slave-tag car-
ried around by the HW which would communicate with the
anchors in order to find out its position. After that it would
relay this information to the master-tag connected to a com-
puter.

For the testing 4 anchors were placed in a room near each cor-
ner but at different heights to maximize the coverage. Then
a expected route was designed and a user walked along this
route while a researcher gathered the information in the plat-
form.

The first attempt resulted in a very jittery route. However, af-
ter applying filters the resulting route was good enough to be
compared to the predefined route. The results of the compar-
ison seemed good as there seemed to be no big discrepancies
between the two.

Testing for autonomy, by connecting a 9V battery to the tag
displayed very bad results as the battery lasted for an approx-
imated 2h 30min. This solution was not feasible as the HWs’
shifts lasted for 8h. An alternative was to use power banks,
however since the HWs had already shown reluctance when
using the lighter and smaller solution this was deemed to in-
vasive.

Saninudge seemed a very good fit for our project because it
was already hospital tested. However after everything was
ready, bureaucracy and integration, we were informed they
were no longer able to aid us in our project due to the influx
of paying customers.

Finally, Estimote beacons were tested using the provided app
and an Android device. The device correctly recognized the
proximity zones of the beacons.

A solution developed using Estimote would consist of a mo-
bile phone carried by the HW running a software capable of
detecting the proximity to the beacons and registering the
entrance/exit of the patients’ bubble and the use of the dis-
pensers.

After choosing Estimote and developing the software to inter-
act with the beacons we needed to test it. In an large confer-
ence room we placed 2 beacons on a wall 3m apart. This was
the distance between the bed centres as observed in a coop-
erating healthcare facility. For the same reason the bed was
deemed to have 1m width and 2m length.

The dispensers were mocked using a soap dispenser with a
beacon on top, because the only thing we were interested in
detecting was the pumping movement.

We set the custom range of the software, running in an An-
droid device, to trigger these events at 2.0m (length of the
bed) and began to approach the first beacon. Unfortunately,
at 4m the device started to detect the entrance in the beacon
proximity zone. We repeated the test with the custom range
set to 1m. The triggering of the events was inconsistent. The
onEnter event would trigger at 1m and if we moved to the side
of the beacon, still under 1m, the onExit event would trigger.

We decided to try iOS, so we repeated the test with the cus-
tom range at 2m. The results were satisfactory as the device

was successfully detecting the entering and exit of the pa-
tients bubble.

We proceeded to test the scenario where the HW was between
two beds. We used an improved version of the software with
the onContext event implemented. The device showed cor-
rectly the beds in range. However, sometimes it took a few
seconds to recognize those changes. Moving on to the next
phase we performed the exact same test, except this time we
used a neck pouch. There seemed to be no difference in the
results. This meant the HWs could carry the cellphone with
little interference with their work.

Finally, we moved into testing the dispenser broadcasting its
telemetry data and set on transmitting only when in motion.
Firstly, we used the dispenser out of the range of the beds
but in range of the device. The device picked up the use of
the dispenser. Then, we used the dispenser while we were in
range of the beds and the device successfully picked up on the
use of the dispenser while maintaining the correct bed area.

In conclusion the technology seemed to perform according
to what was expected, detecting enter and exit events at ap-
propriate times, although sometimes with a small delay and
correctly identified the use of the dispensers. However, fur-
ther testing in the real world should be performed.

After we had the data collected by the software we used it
as an input to the AMS which ran as a script over the data.
Then we compared the metrics we had observed to the ones
obtained by the AMS. The comparison from between the two
gave an efficacy of 100%. However, the tests were performed
in a controlled environment with little to no interference and
further real world testing is required.

The last layer in need of testing was the interface. For this
purpose we conducted user tests starting with pilot testing and
when everything was approved the real testing.

We performed all the tests in the same meeting room over two
different days, according to the participants availability. Each
test took about 15 minutes, 5 minutes to explain the project
and an additional 10 minutes of actually testing. Only one
user carried out the test at a time. The test was performed
in a laptop running the gamification platform with a previ-
ously populated database containing fictitious data of health-
care professionals, levels and badges. All the users started in
the home screen, after login. The test profile was the same for
every user and was reset between tests. The tests were super-
vised by one researcher and the users were students with ages
between 22 and 25.

The tasks to be carried out were:

1. View the game objectives;

2. Check the requirements to obtain the badge: ”Vedeta de
Turno” nvel 2;

3. Change the profile description to ”Hello!”;

4. View the percentage of hand hygiene compliance on
2015/09/29;

5. Edit the profile to not display the number of badges.



These tasks considered successful only when either the user
pointed out the task was finished or read out the required in-
formation. After each test we also asked every participant to
answer a small questionnaire regarding the platform usabil-
ity. This form was fully based on the System Usability Scale
(SUS) as it the standard when measuring a system’s usabil-
ity[10]. The SUS consists of 10 statements where the user
uses a scale from 1 to 5 (1 meaning that the user strongly
disagrees and 5 meaning the user strongly agrees with the
statement).

The results can be seen in Table 1

Comparing these intervals to the optimal number of clicks
needed to accomplish each task we can see a big difference
for tasks 3 and 4. This was consistent with the values for the
times, as these were the tasks with the highest values. Dur-
ing the tests both tasks 3 and 4 were also the tasks were the
users gave the highest number of suggestions for improve-
ment. The main problem detected in both of these tasks was
described, by the users, as not intuitive interface design.

Regarding the SUS we observed an average score of 70.38,
this would result in a C score which meant that the interface
was just acceptable when considering the work of Bangor et
al [3].

Having an interface with a just acceptable score is a problem
for a gamification based solution as the main way of com-
municating the metrics, engaging the HWs and change their
behaviour would be this interface.

CONCLUSIONS
We built on the work of the OSYRISH project, we started by
addressing the problem of HAIs and their negative impact on
both patients and healthcare facilities. HAIs impact could be
minimized if the HWs complied with the guidelines for hand
hygiene by the WHO.

Monitoring this compliance can be an expensive process as
direct observation is still the golden standard. This compels
healthcare facilities to invent new and innovative ways of per-
forming hand hygiene monitoring.

Learning from the difficulties of implementing a gamifica-
tion solution to monitor hand hygiene compliance and pro-
vide feedback to the HWs, faced in the OSYRISH project,
we developed a model to structure the development of this
solution and tackle these challenges.

By following the steps of the model, we developed a solu-
tion however, we were not able to deploy the system in the
real world, because it seems there is still no indoor location
technology suitable for solving this problem.

From the first steps of the solution’s development we under-
stood that it’s very difficult to perform indoor location. Find-
ing a indoor location technology that is both accurate cheap
and has good autonomy is a challenge. By compromising and
finding a balance between the parameters, and making sure it
still fitted our needs we were able to develop a pilot that gave
us very good results in the tests.

Developing a solution in an incremental manner allowed us
to have a better grasp on the specificities of the bottom layers
and make sure the choices we made for the top layers fitted
the solution in the best way possible.

However, there is still much work to be done in the indoor
location department if we wish to have a reliable AMS and
be able to test the gamification solution in an healthcare envi-
ronment.



Table 1. User tests number of clicks by task (confidence level of 95%)
Tasks

1 2 3 4 5
Confidence interval [3 - 5] [3 - 8] [11 - 21] [11 - 16] [4 - 6]

Optimal number of clicks 2 2 6 3 4
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