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Abstract

This research proposes a digital Cultural Probe (CP) for children in the con-
text of energy use and awareness. A CP is a user research method that allows
participants to self-report by means of tools, artefacts, and tasks that they com-
plete at their own pace. Our CP aims to gather data about the energy related
habits and knowledge of the children and their families and also aims to pro-
voke reflection and raise their awareness of energy and environmental issues.
It is well known that the main drawback of CPs is their low completion rate
and the consequent lack of gathered data. Based on the impact of gamifica-
tion on users’ motivation and engagement, we aim to test the hypothesis that
”Gamification may encourage an active and fruitful participation of children
in Cultural Probes”. CP consists of four tasks designed to gather information
about the children and their families’ electric consumption and saving habits.
We developed the CP as an Android app which was evaluated with children
from two primary schools in Barcelona, who interacted with two different app
versions (gamified and non-gamified). We designed a comparative experiment
that gathered data on CP completion rate, CP task completion rate, and the
time required to complete the CP. To our surprise, we found a slight difference
in favour of the non-gamified app in all of these measures, though this difference
was not statistically significant. However, the difference in the children’s aware-
ness of and attitude to energy consumption before and after the realisation of
the CP was significant as measured by the Wilcoxon signed-rank test. This was
not the case for the effect on energy awareness of the children’s relatives. The
lessons we learned, which may also prove to be useful for researchers that aim
to design cultural probes, are that user research methods for children can be
effective enough when designed to be interactive and dynamic (i.e. digital CPs)
and that the number of CP tasks may also be a factor to take into account.
When the number of tasks is low, the CP is likely to achieve a high completion
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rate and the additional effort of gamifying the application may be not worth-
while. Then, gamification may support a CP with a large number of tedious
tasks. When designers want children to reflect on key issues, the CP should be
thoughtfully designed because it is not easy to foster children’s reflection and
reasoning.

Keywords: Cultural Probes, Gamification, User Research

1. Introduction

Cultural Probes (CP) gather data about people’s feelings, thoughts, interac-
tions and knowledge, in order to inspire and inform the design of products [1].
They are a well-known method for conducting contextual research in the HCI
community [2][3]. The literature includes works using CPs as they were initially
conceived, that is, for design inspiration (with playful, open-ended, evocative
and playful tasks) [4] [5] [6], focusing heavily on gathering qualitative data.
Other works adapted this initial approach and used CPs as a means of collect-
ing information (with more focused tasks, gathering mainly quantitative data),
complementing data gathered through other methods such as observations and
interviews [7] [8] [9].

Designed probes covered a variety of topics of interest, for example the so-
called domestic probes [10], which were used to inspire the design by exploring
people’s home lives in an intimate and sensitive context, and technology probes
[11], which were employed to explore the use of low-fi prototypes and open up
new design spaces.

Furthermore, although CPs were originally designed as a physical package
including artefacts (cameras and diaries to record feelings and events) and tasks
to be performed by users at their own pace, CPs can also take the form of digital
applications, i.e. digital Cultural Probes [12].

Nevertheless, CPs upset users’ routines, with the risk of presenting a low
completion rate [13], and varying the return rates of materials in different set-
tings and populations, as reported by Gaver et al. [1]. Indeed, participants in a
study on migrants in Australia gave reasons for non-completion such as a lack
of time or a lack of interest [14].

In this research, we advocate for gamification - the use of game elements
in non-game contexts [15] - as an additional component of playfulness in CPs
to improve their completion rate. More concretely, we propose the following
hypothesis: ”Gamification may encourage a more active and fruitful participa-
tion in Cultural Probes”. We tested this hypothesis by developing a digital CP
related to energy use in families, which is integrated in a project of collective
energy awareness. The goal of the project is to involve users actively in the
Smartgrid, providing them - as prosumers, who buy and sell energy - with tools
and solutions for energy management. More specifically, our digital CP aims to
explore a family’s daily routines to design an application that supports them in
an efficient use of energy.
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However, the design of the applications related to resources management (i.e.
energy, water) requires a sound knowledge of users’ needs, values and habits.
Additionally, in the sensitive context in which they are used (i.e.. households),
other user-research techniques, such as interviews and direct observation, can
be tedious to perform as the members of the family have different schedules and
may be perceived as being somewhat intrusive. In this case, the use of CPs is
an adequate user research technique for obtaining relevant information about
families and their energy behaviour.

We decided to target families’ children rather than adults for several reasons.
First, children are naturally creative and this fact would foster the potential for
surprise and in consequence the potential of uncovering unexpected findings [16].
Second, children usually have more free time and are in general more interested
in this kind of hands-on activities than adults. Third, the direct participation
of children in the CP - being in charge of gathering information about energy
from other members of the family - can raise their awareness on the importance
of a responsible use of energy at home, and can influence their families to adopt
energy efficiency measures, as demonstrated by previous researches [17] [18].
We then provided primary school children (between 11 and 12 years of age)
with both a gamified and a non-gamified version of the CP, and performed a
comparative analysis of the results obtained.

In previous works, we proposed a draft of the CP tasks [19] and the gami-
fication designs, including digital CP mock-ups [20]. In this paper, we further
detail both designs (CP and gamification) and present the deployment and the
evaluation of gamified and non-gamified versions of the CP. Our goal is to assess
the effect of gamification on CP and CP’s tasks completion rates, and on the
time it takes to complete the CP. Additionally, we want to know whether per-
forming CP tasks raises the energy awareness of the children and their families.
Specifically, the use of a narrative and role-play in the gamified version of the
CP aims to engage the participant in a mission to fight an evil wizard, in which
they get rewards every time they complete a task/mission and, to add even
more motivation, they compete with other children to win a final prize (being
able to see the other children’s scores on a leaderboard).

Our main focus of interest is how gamification can lead the children to obtain
better CP results in terms of completion rate and performance time, while the
gamification of a CP with the aim of inducing an energy behaviour change,
as other researches have done [17] [21], would fall outside the scope of our
research. In our case, it is the design of CP tasks (whether the CP is gamified
or not gamified) that aims to collaterally raise awareness in the children and
their families. From our results, we provide answers for those HCI researchers
who raise questions regarding the CP design process such as ”To what extent
is gamification useful in the design of a CP?”, ”Would gamification foster CP
participation in terms of completion rate and time to complete the CP?”, ”Can
CP design have an impact on participants’ energy awareness?” Specifically, we
found slight differences between gamified and non-gamified CPs but they were
not statistically significant. Moreover, our results showed that the digital CPs
had an impact on the children’s energy awareness though not on that of their
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families.
This paper is structured as follows. Section 2 presents the state of the art,

Sections 3 and 4 give an overview of CP tasks and gamification designs respec-
tively, Section 5 presents the evaluation of the CP and discusses the results
obtained, and the Conclusions section summarises our major findings and sug-
gests lines of future research.

2. RELATED WORK

Gamification for behaviour change has attracted the interest of the research
community in recent years. We can find studies in several domains, including
health [22], energy [23], business [24], and education [25]. Even in the field of
experimental design [26], a gamification study showed an increased completion
rate of experimental tasks with children from 73% to 97%. Whatever the con-
text, the goal is to engage users in fun and motivating activities that shape their
habits and influence their behaviour [27] [15]. In this research we use gamifica-
tion to enhance users’ involvement and participation in cultural probes. Since
our case study relates to energy use and consumption in families, we first review
research works that proposed probes targeting children and families. We then
present gamification studies in the energy domain.

2.1. Cultural probes with children and families

Since their emergence, CPs [1] have been used in several types of projects
related to the domestic context. In this context, the probes design faced chal-
lenges such as the heterogeneity of roles in families ([9], [28]) and the disruption
of the domestic routines ([11], [29]).

Vetere et al. [9] designed the magic box, a cultural probe to explore playful-
ness between children and grandparents when they are separated by distance.
Researchers found several artefacts used to mediate play and the different roles
adopted by both younger and older participants, recommending the design for
its flexibility, since it allows for the expression of the different roles. Moreover,
Oumard et al. [28] studied the need to stay in touch in families. They designed a
package for heterogeneous individuals (young children, adults, teenagers) with
different ages and motivations. They designed a package where each day in-
volved a theme, with serious content but a playful appearance. The data gath-
ered was diverse reflecting different viewpoints of the members of the family.
The probes served the purpose of empathising with the entire family. Never-
theless the probes were difficult to analyse and they only adapted one concept
in their project based on their findings.

Shewbridge et al. [11] explored the potential uses of 3D printers at home.
They asked users to locate a fake 3D printer in a visible location at home, and
gave them pens, index cards, and cameras. The results showed desirable uses
of 3D printers such as replicating existing objects, modifying and customizing
existing objects, and creating new custom objects. Another cultural probes
study [29] investigated the role that Internet video plays in online social life and

4



media consumption at home. It included tasks such as taking photos (objects
and places and where to spend time using devices) and writing diaries (about
their daily routine and use of media use). They concluded that computers are
users’ companions of users during the most of time they are at home, and that
Internet video helps them to socialise and is integrated in the daily life of heavy
Internet users.

In relation to research works using CPs with children, the studies have fol-
lowed the classical (physical package) approach, as well as the digital one. Wyeth
[13] proposed a probes consisting of an activity pack (with instructions to draw
the future classroom, design a day’s outing and rate subject areas, among oth-
ers) which was distributed to children in the school. This pack aimed to provide
insights on children’ mental models of classrooms, science learning, gadgets to
assist learning and even future career aspirations. Another study [8] designed a
cultural probes for children to gain insight into how children experience technol-
ogy. The study used animal stickers that children had to relate to technologies.
Nevertheless, as reported by the authors, the study failed at the abstraction
level with the stickers, which seemed too difficult for children. Iversen et al.
[12] designed a digital probe involving the use of mobile phones for reporting
children’s educational experience. Their results underline the benefits of using
mobile devices in CPs, which spontaneously motivate children, since technology
is strongly integrated in their daily life. Authors also highlighted the possi-
bilities of the automatic tracking of the probe, as well as data collection and
analysis.

What differentiates our CP from other contributions in the state of the art so
far can be summarized in the questions: ”Who is the package for?” and ”Whose
information is this?” CPs usually targeted people who reveal insights about
themselves. Our proposal involves giving the CP to children, who are responsible
for performing the indicated tasks and through them we obtain information
about the energy consumption habits of the children and their families’ energy
consumption habits and their knowledge of and interest in energy related issues.

To the best of our knowledge, few research works have used a game-based
design in CPs. Bernhaupt [30] focused on the study of new forms of media
usage at home. The results were positive in some aspects: the game helped
participants to focus on the topic and the participants who played a card game
provided more answers to researchers’ questions than those using the non-playful
format. Nevertheless, the game influenced neither the number of photos or
videos taken by participants nor the number of materials used by them, perhaps
because of its simple hedonic design instead of a thoughtful gamified design.
Another investigation [31] studied the relevance of tangible gamified probes to
fostering sociability and a sense of progression and control in a cooperative
learning process in the classroom.

Our research differs from prior works because they did not use gamifica-
tion but card-based games in probes, which are essentially different approaches
within the broader field of hedonic design. Gamification includes game elements
in a non-game context (i.e. a cultural probe), while a game establishes rules
and a goal in an entertainment context. Moreover, they designed physical CPs
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while we focus on the study of digital gamified CPs.

2.2. Gamification in the energy domain

With the deregulation of energy and the emergence of new ways of producing
energy at home numerous gamified and game-based applications have appeared
with the aim of raising awareness of energy usages and needs [32]. Usually,
these gamification proposals address information gaps on energy concepts, sup-
port learning, and aim to motivate behaviour changes in different environments
(workplace, schools and households).

Gamified experiences started in large companies with the aim of encour-
aging sustainable behaviours among employees using cards, points, badges and
leaderboards in collaborative and competitive activities [33] [32]. Currently, gov-
ernments are supporting energy initiatives in schools through gamified learning
activities. For example, the European project GAIA proposes the use of the IoT
(Internet of Things) and experimental activities to teach about energy. They
provide students with a lab kit activity - covering aspects of energy consump-
tion and efficiency inside school buildings - together with a serious game. The
preliminary findings are promising but further evaluation is needed to assess
the contribution of the gamification. The KYEN (Know Your Energy Num-
bers) program [18] also teach young tweens to use energy tools to measure their
family’s consumption, together with general energy-related concepts. Their re-
sults highlighted the necessity of collecting behavioural data about energy use
in order to improve learning. Undoubtedly, we think that probes would be a
suitable method to gather these data.

The emerging use of smart-meters in residential houses has also led to the
development of novel technical architectures which consider several game el-
ements (e.g. rewards system, social connection, performance status) [34], as
well as mobile game-based apps such as PowerAdvisor [35], PowerExplorer [36],
PowerAgent [37] and Social Power [38], among others. The game’s challenges
are related to housework, such as cleaning or cooking, asking players to compare
their own consumption to that of other players. In addition, several web-based
gamified applications, which foster energy savings by sending reports from home,
have evaluated their short-term and long-term effects, concluding that the re-
sulting increase in awareness is temporary and tends to decrease after a short
time [39], [21]. Actually, even though gamification in the field of domestic en-
ergy consumption seems to be effective in inciting people to save energy, the
evidences provided by most of the gamification approaches are more indicative
than conclusive, i.e.. experiments have a limited number of samples and low
quality of evidences [23], [40].

Moreover, a recent analysis of 57 energy-related apps designed for young
people reveals that the number of gamification and game design elements cor-
relates strongly to the app ratings, and indirectly to app usages [41]. They
considered 10 gamification elements in terms of motivational affordances [42] -
points, leaderboards, badges/achievements, levels, stories/themes, clear goals,
feedback, rewards, progress, and challenge - concluding that most of the apps
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underutilise gamification components, using in average one gamification ele-
ment. In general, designed platforms use gamification in a thin layer (using
PBL - Points, Badges and Leaderboards). Thus, it is not easy for designers to
reach the emotional side of users and their habits. In this research we aspire
to achieve deep gamification, i.e. covering additional game elements such as
the aforementioned: stories/themes, feedback, rewards, progress and challenges
[43].

As a final remark, we note that previous energy-related projects and applica-
tions are focused on energy literacy and on influencing people’s behaviour [44],
instead of eliciting and inspiring the design of energy-related applications, as
we do with our cultural probe. Even though our objective is different we were
somewhat inspired by them since all of us are using gamification in the energy
context.

3. CP DESIGN

Although the initial drafts of the probes [19] were intended for a wider range
of ages, children between 8 and 12 years old, we opted for targeting slightly
older children in the final design (with ages between 10 and 12 years). One
reason for that is that the children had already learned at school what energy
saving means, they knew that electricity costs money and knew that there are
various sources of energy. Moreover, we wanted to ask them for reflections, and
believed that children of these ages would be better at expressing and writing
their thoughts. Nevertheless, we were aware of the fact that, while performing
the CP, they could still have little idea of some issues related to energy use at
home such as the frequency of use of some appliances. We therefore encouraged
children to interact with their parents, asking them what they did not know.
Additionally, where appropriate, the design of the probes should differentiate
whether the children were interacting either with adults in the family or with
their siblings (more details in Section 3.3). For example, the behaviour ”long
pre-heating of the oven” was included in the list of possible behaviours for adults
and not in those for children.

CP design was conducted by an interdisciplinary team of energy experts,
who offered their advice on energy related content, and HCI experts. The
aim of the CP was to trigger inspiration and then gather relevant data from
children and encourage a responsible attitude to and reflection on energy use
and consumption. To achieve the CP goals, we defined 4 tasks through which
children could be made aware of their family energy habits. Moreover, to better
immerse kids in the subject of energy saving and green behaviour, the visual
design of the digital CP was based on a childlike visual theme using green tones
and minimalist fonts (see Figure 1).

Table 1 summarises the design of the CP, including a brief description of
the tasks, the elements needed to complete them, and the rationale behind the
tasks (from our perspective as designers) [19].

The CP is structured in four successive phases: introduction, registration,
performing the CP tasks, and CP final.
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Figure 1: Digital CP: four Tasks and CP registration.

Table 1: CP tasks, the elements provided to perform them and their goals.
CP
TASK

DESCRIPTION ELEMENTS RATIONALE

Task 1 Ask family members which
electrical appliances they use
the most and how they feel
when using them.

List of family members, list of elec-
trical appliances, list of moods.

Obtain information on users’ emo-
tional states to influence habit
changes. Get the children to reflect
on their responses.

Task 2 Observe family members to
indicate their energy related
behaviours and how good
they are.

List of family members, list of
behaviours, Open question ”Do
you think that <family’ member
name’s> behaviour is respectful
with the environment?”

Find out users’ energy related habits
and behaviours, find out users’ level
of commitment to environment and
saving, and raise awareness. Get
children to reflect on their responses.

Task 3 Identify the electrical appli-
ances in each room of the
house and specify their usage
frequency on working days
and weekends.

List of rooms, list of electrical appli-
ances, rank of frequencies, open ques-
tion ”Do you think that your use of
electricity is different on weekdays
and weekends? Yes/No why?”

Find out users’ frequency of use of
electrical appliances, obtain usage
habits from families as a whole, raise
awareness. Get children to reflect on
their responses.

Task 4 Ask energy related ques-
tions to family members and
record their answers.

List of family members, closed-ended
questions as a whole, multiple choice
answers.

Find out users’ knowledge, needs of
information and preferences in terms
of energy use, identify users’ predis-
position to changes.

3.1. First phase: introduction of the CP

This phase started with a brief text explaining the aim of the CP (i.e.. ”help
us get to know your family’s energy knowledge and habits”) and asking the
children to perform the tasks. We also informed the children of the maximum
number of days they disposed of to complete all of the tasks.

3.2. Second phase: CP registration

During registration, players identified three members of their family whom
they would interact with in the CP. These members could be relatives who
lived with them or who they saw frequently. They assigned an avatar to each
participant (see Figure 1).

The digital CP offered the possibility of adding a mother, father, sister,
brother, grandmother, grandfather, and another male and another female. Each
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of them was assigned a faceless representative icon with the sole purpose of
helping players to identify the family member through the CP. Moreover, kids
had to introduce their relatives’ names, which were used to personalize messages
and content during the CP experience.

Once registered, users were able to complete the CP tasks in any order.
Overlapping between tasks was possible: more than one task could be performed
at any time, giving them the freedom to explore the whole set of tasks and not
be forced to tackle them in a strict sequential order.

3.3. Third phase: performing the CP tasks

Each task was identified with an icon1 and a color - pink, blue, orange
and purple - to help the children be constantly aware of where they were, and
what they were doing. We then gave them the relevant details for each task.
The dashboard, see Figure 1, showed the countdown of days and the icons for
accessing CP tasks.

• In task 1, the children gathered information about the electrical appliances
that they and their relatives use the most and how they felt when using
them. Concretely, they identified five combinations (appliance − mood)
for each family member (see Figure 2). Based on the OCC model of
emotions [45] which proposed a wide range of emotions, we selected basic
ones (happiness, anger, and sadness) to facilitate the children’s selection
of feelings and interactions. We also included boredom, as proposed by
[46], to cover situations that do not fit with basics emotions such as, ”A
father feeling boredom when using the vacuum cleaner”.

Through this task, we obtained emotional information about the partic-
ipants and their family to guide us when deciding how to influence their
change of habits. Tips (or the way they are given) to save energy with an
appliance can be more or less effective depending on the mood a person is
in while using that appliance, For example, influencing a change in the use
of some appliances can be easier if people feel negative about them and it
may be necessary to explore other less or non-electrical alternatives to the
use of those appliances that they feel positive about. Moreover, to foster
reflection on feelings, once the children had finished the task, they could
answer different open-questions, such as, ”Why do you think the person
feels that way”? The children could then either give their own response
or ask about and discuss the issue with their relatives.

• In Task 2 children reported the energy-related behaviours of each family
member. Each behaviour was described as positive (good behaviour) or
negative (bad behaviour). An example of the positive use of devices is
”Turns off the TV, computer or console when it is not being used”, and its

1Icons used to enhance the visual aspect of the app were obtained from Flaticon.
https://www.flaticon.com/
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Figure 2: Task 1 about technical appliances that users use the most

negative counterpart is ”TV, computer or console on standby when it is not
being used”. There were different messages for adults and children. Some
good behaviours for adults were defined as follows: Some good behaviours
for adults are defined as follows:

– Starts a full laundry load or doesn’t do the laundry.

– Lets clothes dry outdoors or doesn’t dry them.

– Preheats the oven for the indicated necessary time or doesn’t use it.

Figure 3: Task 2 to indicate energy-related behaviours.

Then, kids could touch the positive description and change it to the con-
trary message (bad behaviours):

– Starts with a non-full laundry load.

– Dries clothes with a dryer.
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Figure 4: Two parts of task 3 where kids locate electrical appliances in their home.

– Preheats the oven for longer than necessary.

On the other hand, examples of good behaviours for children are:

– Opens faucet in cold water for short uses.

– Turns off the TV, computer or console when it is not being used.

– Ventilates the house a few minutes every day opening windows or
balconies.

And examples of the corresponding bad behaviours include:

– Opens faucet in hot water for short uses.

– Turn on the TV, computer or console when it is not being used.

– Doesn’t open windows or balconies to ventilate the house a few min-
utes a day.

Once behaviours had been selected from the list, the children were asked
to reflect on the behaviour of their family member. First, they answered
a closed question ”Do you think <family-member-name> has a responsi-
ble behaviour?” Yes/No, and after, answering ”Why do you think it is a
responsible/irresponsible behaviour?”.

• In Task 3 the children identified the electrical appliances in each room in
their house (see top of Figure 4). After that, from the previously added
appliances, they had to indicate their frequency of use on working days
(any day from Monday to Friday on average) and weekend days (any
Saturday, Sunday or public holiday) (see bottom of Figure 4).

Afterwards, to foster their reflection, a panel showed up asking them the
following questions: ”Do you think that the use of electricity is different
on working days than on weekend days at your house?” (closed question
with options ”Yes” or ”No”, and then an open question ”Why?”); ”In
what room do you think the use of electricity is excessive and what would
you do to reduce it?” (open question with an optional response).
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• In Task 4 children interviewed each family member. As children are not
skilled at conducting an unstructured interview, we designed a structured
one with closed questions. We designed different multi-choice questions
for adults and children.

Figure 5: Task 4 where kids interview their relatives.

Some of the questions in the interview for children were:

– Do you know how much money is spent on the household electrical
bill?

∗ Yes.

∗ No.

– If saving energy at home had a positive impact on you as a reward,
would you apply steps to reduce electricity consumption?

∗ No, I already do my best to save energy.

∗ Yes, I think I can try harder to save energy.

∗ It depends on the kind of reward.

The corresponding questions in the interview for adults were:

– Have you ever consulted your house’s global consumption in some
web page or app?

∗ Yes.

∗ No.

– (If ”Yes”) What web?

∗ The energy company’s web/app (CompanyX, CompanyY, etc).

∗ A general web/app of consumption calculation.

∗ A web/app connected to the house’s meter that allows me to see
my consumption in real time.
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Finally, the CP ended when all the tasks were completed or when the time
was exhausted. The children had eight days to complete the entire CP.

This CP design was implemented using the Unity 2 game engine, a devel-
opment platform for building 2D and 3D games. Concretely, our development
used Unity 2D API and followed a client-server architecture to store children’s
progress and the user research data gathered during CP deployment in a remote
database system.

4. Gamified CP design

The aforementioned CP tasks corresponded to four missions in our gamified
CP design. Participants immersed themselves in a role-play and story (setting
and characters) and obtained rewards for completing the missions. The children
played the part of special agents who fought against an evil wizard in four mis-
sions in which they were disguised as a psychologist, a detective, an electrician
and a journalist.

Each mission had a limited time for its completion, and the rewards for
players were KWh (i.e. a measure of energy) and badges. Moreover, the children
had to accept missions in order to begin the countdown. Once the mission had
been accepted, it had to be completed within two days to obtain the maximum
reward and the corresponding badge. Otherwise, players only receive the 60%
of the points assigned to that mission.

In the following we provide details of the aforementioned CP phases for the
gamified CP.

4.1. First phase: introduction of the CP

The gamified CP starts with an introduction to the story ”You are a special
agent selected from the Energy Protectors’ Agency to become part of a very
important operation to save people wasting energy like crazy, enchanted by an
evil spell. The challenge starts when the evil wizard steals 1.000.000 KWh which
the players (with 0 KWh) have to recover in their role as a special agent.

4.2. Second phase: registration

Kids register in the gamified CP as previously detailed in section 3.2, i.e.
identification of relatives and avatar selection.

4.3. Third phase: performing of CP missions

In the app dashboard, we added gamified elements (highlighted in yellow in
Figure 6): the child’s avatar, their progress (points, badges and a leaderboard),
and the current status of each one of the missions. From here they could also
consult a brief text setting out the rules, change their avatar, and access the
leaderboard to see where they ranked compared to their classmates. Figure 7

13



Figure 6: Dashboard of gamified CP.

shows the design of the leaderboard, the points and the badges in the gamified
app.

Furthermore, several icons appear on top of the mission buttons in the dash-
board of the gamified app:

Lock : This means the mission has been accepted, so it is an indication for
the children that the mission has started.

Clock : This means the mission has been accepted and there is still time to
complete it to get the full reward points and the corresponding badge. This icon
is also a button that allows players to see how much time is left to complete the
mission in time.

Check : This means the mission has been completed.
Badge: This means that the mission has been completed in time and the

player has won the corresponding mission badge.
The specific mechanics of the missions are set out below:

• To complete the psychologist mission children had to specify 5 combina-
tions (appliance − mood) for each family member, for which they obtained
40.000 KWh (points) and, if this task was completed in time, they received
a badge consisting of a psychologist’s diploma. The whole mission was
worth 120.000 KWh.

• To complete the detective mission, the children had to identify the be-
haviours of each family member, for which they obtained 60.000 KWh
and, if the task was completed in time, they won a pair of detective’s
binoculars as a badge. The whole mission was worth 240.000 KWh. Fi-
nally, players receive feedback on that family member’s behaviour (quite
responsible, not very responsible or balanced) based on how many good
or bad behaviours they had selected in the task.

2https://unity3d.com/
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Figure 7: Points (KWh), badges and leaderboard screens

• In the electrician mission, children received 80.000 KWh when they identi-
fied the electrical appliances in each room in their house (see top of Figure
4). After that, from the previously added appliances, they have to indicate
their frequency of use on working days (any day from Monday to Friday
on average) and weekend days (any Saturday, Sunday or public holiday).
For each type of day completed they won an additional 80.000 KWh. If
the mission was completed in time, they earned a badge picturing some
electrician’s tools. The entire mission was also worth 240.000 KWh.

• To complete the journalist mission, the children interviewed each family
member. They were rewarded with 90.000 KWh for each member they
interviewed and, if is the task was completed in time, they were awarded
a press accreditation as a badge. The entire mission was worth 360.000
KWh.

As previously introduced in CP tasks’ description (Table 1), the first three
missions included the gathering of children’ opinions and reflections on their
and their families’ behaviours and habits.

Finally, players who recovered the most KWh from the wizard were the CP
winners. If the player completed all their missions in time (thereby winning
the 4 mission badges) they also obtained a special agent badge. Moreover, if
the whole CP was fully completed in less than two days, the players recovered
an extra 50.000 KWh. This was a surprise element that aimed to reward the
dedication and involvement of those who showed more interest and willingness
to participate by placing them at the top of the ranking.
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5. EVALUATION

We performed a comparative study of the gamified CP and the non gamified
CP. For this study, we collected quantitative data such as the completion rate,
both at the higher level of the entire CP and at the finer-tuned level of each
task/mission to be completed, and the time spent on each task/mission. We were
also interested in analysing qualitative data and gathering children’s opinions on
their experience, such as how much they had enjoyed the CP activities and their
perception before and after performing the CP of their own and their family’s
level of awareness of energy related issues.

5.1. Methodology

We performed a between-subjects test on two groups of students between 11
and 12 years of age, the experimental group (gamified app) and the control group
(non gamified app). A consent form was signed by their parents of children who
participated, who which gave information about data anonymity and the use of
data only for research purposes3.

The collaboration of Rubi Brilla (energetic initiative of the town hall of Rubi)
was essential for this part of the project. Thanks to them, volunteer children
from two different schools were recruited to participate in the Cultural Probe
evaluation. The children owned a mobile device and, since many of CP tasks
required the interaction of the participants with members of their family, it was
preferable that they lived in a house with three more relatives who were older
than them. We recruited children from two different schools, since having both
control and experimental groups in the same school may have distorted results,
since the children in the non-gamified CP group would have been aware of other
classmates using a gamified app. We think that this playful version of the app
would introduce a bias in the CP completion rate in the non-gamified condition.
Both schools were located in the same neighborhood, with the same social and
cultural context and the same involvement in energy education.

Each app version (gamified and non-gamified) was randomly assigned to
each school: Gamified CP - School 1 (14 participants), and Non Gamified CP -
School 2 (11 participants).

The next step was to present the project at each of the schools, explain the
basic concepts, briefly describe the purpose of the app and tell participants that
the one who completed the CP the best (in quantity and quality) would receive
a prize. By quality we meant that the children would write meaningful messages
whenever asked for opinions and reflections during the CP. The existence of two
different versions of the app was never mentioned in order to avoid condition-
ing the outcomes. The particularities (goals and tasks) of the CP were then
described in the same way at both schools. The plan in this first session was to
get the app installed on all the children’s devices and to ask them to fill out a
pre-test questionnaire.

3Approved by University ethics committee.
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During the eight-day long CP, the participants had to interact with the app
in their homes while all the data was stored on a remote database server. At
the same time, a daily tracking was performed to ensure that everything was
working correctly.

We visited the schools two weeks after the introduction to summarise the
information gathered through the CP tasks and to deliver the prize to the win-
ners. Three winners were chosen from each school based on their score in the
ranking (only in the gamified version) and the quality of their responses to the
open questions that appeared throughout the app. The same day, participants
were asked to answer a post-test questionnaire. The questionnaire was the same
for both schools since the information to be gathered was the same, including
the level of energy awareness before and after the CP and the most liked tasks,
among others.

The app was also tested on a third school (Escola del Mar in Barcelona), but
the resulting data were not used to measure rate completion results since we
recruited an insufficient number of children for the non gamified CP. However,
the results of the pre and post questionnaires of the participants who tested
the gamified app have been aggregated to the information from the other two
schools (see section 5.3).

5.2. Comparative results

In order to test the main hypothesis of this research, which claims that
gamified CPs may obtain better results than non-gamified ones, we measured
CP completion rates, CP task completion rates, and the time taken to complete
the whole CP. Task completion rate is expressed as a value from 0 to 4 (from
no tasks completed to all tasks completed) and times are represented in hours.

5.2.1. The CP Completion Rate

The results for CP completion rate, which indicates the percentage of par-
ticipants who completed the CP, are shown in Table 2. The N-1 Chi-squared
non-parametric test for small samples gives us a p-value of 0.8434, and given
that it is much greater than 0.05 (for a confidence interval of 95%), the differ-
ence in the completion rates for both CPs is not significant enough to allow us
to reject the null hypothesis. We therefore conclude that there is a low, 15.65%,
chance that the rates are different (in fact, the non-gamified CP seems to have
achieved better results).

CP Gamified Non-gamified

#Participants 14 11
#Completed 11 9
Completion rate (%) 78,57 81,82

Table 2: Task completion statistical values, both gamified and non-gamified
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5.2.2. CP Tasks Completion Rate

To calculate the task completion rate, we recorded the number of tasks
completed by participants. The rate is calculated in relation to the four tasks in
the CP. To test the significance of the difference in the results obtained (Table
3), we performed an unpaired t-test (p-value=0,2473, ES=0,5 which is a small-
medium effect size according to Cohen’s d) [47]. As we can see, the difference
in completed tasks between both CPs also fails to reach statistical significance.

TASK COMPLETION mean min max sd rate (%)

Gamified 3,54 1 4 1,01 88,5
Non gamified 3,91 3,25 4 0,23 97,75

Table 3: Task completion statistical values, both gamified and non-gamified

5.2.3. CP Completion Time Rate

To calculate CP completion time, we measured the number of hours that
participants spent using the CP until completion (see Table 4). Rate is calcu-
lated in proportion to the total of 192 hours that participants had to finish the
CP (8 days).

In this case, the average results are similar, highlighting the fact that both
versions of the CP were completed, on average, in less than half the time given.
The statistical values used to perform the test are depicted in Table 4. The
p-value obtained is 0,7335, indicating that the difference in the spent time to
complete the CP in both versions is not statistically significant (taking a signif-
icance level of 0,05). Once more, the null hypothesis cannot be rejected.

CP COMPLETION TIME mean min max sd rate (%)

Gamified 84,71 16,8 173,8 64,17 44,12
Non gamified 93,64 33,9 167,3 47,84 48,77

Table 4: Task completion time statistical values, both gamified and non-gamified

In conclusion, the null hypothesis cannot be rejected, but the alternative
hypothesis cannot be accepted either. Therefore, further research should shed
more light on the effect of gamification in CP results, for example by adding
a new experimental condition (physical CP), by re-designing CP (new tasks),
and, of course, by considering a larger sample size.

The following two subsections show the results of the pre-test and post-test
questionnaires related to energy awareness and the data specific to the app,
respectively. Note that the percentages given are for a total of 27 children
(including those at the third school) who tested the app and answered both
questionnaires.
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5.3. Questions about energy awareness (Pre-test and Post-test)

We aimed to discover whether children’s awareness of energy related issues,
such as saving and being responsible towards the environment, was higher or
not after their experience with the app.

In order to find out whether performing the CP tasks motivated the children
to discover more about electricity, their energy consumption and other ways to
be respectful with the environment, we asked participants a number of questions
in pre and post (two weeks after the end of the CP) questionnaires:

”Q1: What is your level of interest about knowing how much energy you
consume and how much you are capable to save?”

”Q2: What is your level of compromise with a responsible use of energy?”
”Q3: What is your family level of compromise with a responsible use of

energy?”

Figure 8: Pre-post test: 3 likert-type questions related to energy awareness

Figure 8 summarises the results for Q1, Q2 and Q3. We can see that the
activities in the CP had an impact on children, raising their awareness and
encouraging them be more responsible in their energy consumption. Neverthe-
less, it seems that the CP tasks did not affect the children’s relatives (at least
from the children’s point of view). We analysed the data using the Wilcoxon
Signed-Rank Test for dependent samples. This test gave results of W = 8 and
W = 5 for Q1 and Q2, which are less or equal to the critical values of 10 and
15 respectively, for a one-tail test at a significance level of 0.05. There is there-
fore sufficient evidence to claim that the population median of differences is
other than 0 and we can reject the null hypothesis. However, the Wilcoxon test
showed that the children’s perception of their family’s awareness of energy was
not significantly affected by their interaction with the app, with a value of W
= 42, which is greater than the critical value of 17 (α=0.05).

5.4. Questions about the experience

The questionnaire also included a small number of more specific questions
about their experience. We categorized the children’s answers to ”What moti-
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vated you to do the tasks of the app?” in two different topics:

• Energy-related: They wanted to be more careful with the environment,
find out about their electric consumption and how to reduce it, and were
interested in energy related issues.

• App-related: They had fun with the app (which would not have been the
case if the CP had been given to them in its non digital version), they
wanted to win a lot of points in order to be first on the ranking and win
the final prize (only in the gamified version), and they were also curious
to discover what exactly they had to do in each task (briefly explained in
the presentation session performed at schools).

Moreover, in order to get more feedback, the children were asked about the
tasks (which ones they liked and which ones they did not like) and they had to
explain their experience when performing them, which could prove be useful for
a redesign of the Cultural Probe.

Figure 9 (a) shows the result of the question ”What task did you like the
most?”. The Electrician mission clearly stands out for being the most liked
task. Below we summarise the reasons given by kids when selecting the most
liked task:

• Task 1/Psychologist mission: They found it fun because they bonded with
their family. They were not aware that using appliances aroused emotions
on them.

• Task 2/Detective mission: They liked to investigate and discover how their
relatives behaved.

• Task 3/Electrician mission: They liked being more aware of their electrical
appliances and their usage. They found it to be the most entertaining task.

• Task 3/Journalist mission: They enjoyed asking their relatives questions.

Figure 9: (a) Task they liked the most, and (b) Task they liked the less.
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Figure 9 (b) shows the responses to the question ”What task did you like the
least?”. In this case, there is also one task that stands out for being the least
liked: the Journalist task. Below, there is a compilation of the reasons given as
to why they did not like the task selected.

• Psychologist task: They found it boring and/or absurd. We think that
the reason for their boredom was that they had to repeat this task for
each member of the family. Moreover, sometimes it was difficult to asso-
ciate an emotion to a person using an electrical appliance. For example,
the children did not know how they or their relatives felt when using a
toothbrush.

• Detective task: They did not understand the mechanics of the task and
failed to perform it correctly. Some of the participants told us that they did
not know whether they had to ”spy” on their relatives and observe their
good and bad behaviours or whether they had to ask them. Indeed, we
wanted the children to observe and try to recall their relatives’ past actions
but we also considered that asking them was also acceptable. Although
the app had an option to ask for help, with an explanation of each task,
they did not use it.

• Electrician task: They found it chaotic to go around the house looking for
electrical appliances. We think that were several reasons why a number
of children found the task chaotic, including the fact that they were tired,
the dimensions of their houses and a lack of time. Nevertheless, this task
was the one that the children enjoyed the most.

• Journalist task: They found it too long to be completed (too many ques-
tions) and they got tired. Their relatives did not have enough time to
answer the questions. They generally do not like conducting interviews.

In regard to the question ”What didn’t you like about the app?” , some
negative, but really useful, feedback was obtained. Nevertheless, 11 children
indicated that they had liked everything about the app (many of them having
access to the leaderboard to see their classmates’ scores). The children’s answers
are classified in two different topics:

• CP design: They found it too short (only 4 activities). They claimed they
would have liked to continue performing more tasks. They did not know
how to answer to some of the questions asked through the CP.

• Gamification design: They did not like the fact that extra points were
going to be awarded (this was a surprise element of the CP presented in
the Mechanics paragraph of Section 4.2. Gamification). They did not like
the narrative.

Finally, to try to understand the children better and learn from their ideas,
they were asked: ”How do you think the app could be improved?”. Although a
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number of children claimed that they liked everything, they did point out some
possible improvements to the app:

• Adding more tasks to make the app last longer.

• Changing (or reducing) the questions asked through the CP.

• Explaining specific energy-related terms that may be unfamiliar to them.

• Adding the possibility of winning virtual goods or buying things with
virtual currency.

We also analysed the data gathered through the CP. In the first CP task, it
is noteworthy that the ”Joy” emotion was used a lot more than the other three
emoticons to describe how the children and their relatives felt while using an
appliance.

In the second task, it was surprising to observe that most of the partici-
pants and their relatives displayed green behaviour and that those who did not
acknowledged their mistakes and wanted to change their habits.

In the third task, it was interesting to note that all the children answered
that, indeed, there was a difference between their use of electricity on working
days at the weekend, though from two different points of view. A number of
children claimed that electricity usage was higher on working days because they
spent the weekends going out with their families. On the other hand, the rest
of the children stated that their electricity usage was higher at the weekend
because they had the chance to play video-games, watch TV and cook, among
other activities. These are things they could not do on working days because
they spend most of the time at school or at work.

Lastly, in the fourth task, the answers revealed that most people did not
know they could consult their electricity consumption or did it through their
electric company. Participants thought they could reduce their consumption
without much effort. They manifested that they understand consumption data
better in Euros, and they agreed that their children would contribute to reducing
their consumption if they obtained a reward in return.

5.5. Discussion

The results reported for the gamified and non-gamified app in terms of CP
completion rate, CP task completion rate and time to complete fail to shed
light on the supposed benefits of gamification. We believe that kids found
the interactive nature of the CP (digital CP) and its close relation to their
family’s day-to-day life attractive. One child told us that,”it was fun to talk
about energy with my relatives”. Moreover, the low number of CP tasks may
have influenced the high rate of completion in both experimental conditions
[13]. Although we told teachers not to insist on the completion of CP tasks, a
slightly (uncontrolled) difference in involvement by the schools may have led to
a higher or lower completion rate. Finally, the number of participants was low.

Hamari’s study concluded that the effects of gamification are greatly depen-
dent on the users and on the context in which gamification is deployed [42].
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Nevertheless, we are convinced that the deployment of CP in different schools
did not influence our results since they were located in the same area and the
children had similar sociocultural traits. In fact, the deployment of both exper-
imental conditions in the same school may have produced distorted results since
the children using the non-gamified app may have been influenced by the fact
they knew that their classmates were interacting with a different, more ”fun”
version of the app. We believe that the CP completion rate in the experimental
condition would had dropped radically.

Although we should take a bigger sample of individuals in order to draw
firmer conclusions, our results suggest that gamification may not be so deter-
minant when designing a CP for children, especially when they are digital and
when the number of CP tasks is low. Additionally, gamification has proven to
be effective in motivating kids to perform repetitive and tedious tasks [26]. Our
recommendation is therefore to concentrate one’s efforts on the design of the
gamification, when there is the possibility of low completion rates and when the
nature of the tasks is boring and monotonous.

We hope our work will stimulate further research in this area addressing
questions such as whether digital gamified CPs for children yield better results
than non-digital (physical) ones; how to design CPs for different target popula-
tion (such as children and adults); the influence of the target population on CP
results and the influence of the number of tasks and tasks design on CP results.

Regarding the influence of children on their families, previous studies re-
ported the potential of changing parent energy-saving behaviours through child-
focused interventions [17] [18]. However, our results suggest that children were
more aware on energy related issues after the CP than other members of their
family. One explanation for this fact can be found in the design of the CP, which
did not actively engage other members of the family. The question then arises of
what would happen if the design of the CP promoted the active participation of
the children’s relatives. Moreover, further research would be useful to evaluate
the long-term impact on every member of the family [48].

Related to children’s opinions on the most and least liked CP tasks, we think
the electrician was the most liked task because it was the one that required the
most input from the children, who had to select rooms and apparels and modify
the map of the house, among other tasks. In contrast, they did not like the jour-
nalist task because it required them to read the questions and possible answers
to their relatives. Indeed, studies agree that most children prefer dynamic and
interactive tasks than those that are more cognitively intensive, involving read-
ing and understanding [49]. Another issue raised during the evaluation was that
mainly during the journalist task children sometimes did not know the meaning
of a concept, which they found frustrating. As a result, we are designing a
new version of the app that includes an embodied conversational agent, thereby
allowing children to ask and talk about CP tasks and energy related concepts
[50].

At the end of some of the tasks, the children were asked to reflect on the issue
dealt with, and this did not prove to be popular. For example, we asked their
opinion about how responsible their parents’ habits were and why they thought
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their relatives were happier using one device or another. We believe that these
questions appeared suddenly during the interaction and that the children may
have needed some help to encourage their reflection. In this context, we think
that having a conversation with an embodied agent may motivate children and
foster their reflections. Additionally, this help can be obtained from previous
studies on sentence completion, a technique that produces qualitative data on
users’ views in a structured form [51]. As final remark, this research enforces
the challenge of facilitating and fostering children’s reflection and reasoning on
resource management at home (energy, water, residuals).

6. CONCLUSIONS AND FUTURE WORK

The goal of this research is to understand the effect of gamification on Cul-
tural Probes (CP) designed for children. A CP was developed with the aim of
obtaining insights on the energy related habits and information needs of children
and their families. The CP consisted of four tasks designed to gather informa-
tion about their and their families’ electric consumption and saving practices.

We designed an experiment to compare children of 11 and 12 years of age
at two schools who were assigned to the experimental group (gamified app)
and the control group (non-gamified app). We were unable to demonstrate the
influence of gamification on the performance of CP tasks. Surprisingly, the non-
gamified group obtained slightly better results than the gamified group, though
this difference was not statistically significant.

As lessons learned we highlight the conclusion that user research methods
for children are effective when they are designed to be interactive, visual and
dynamic. The influence of additional elements to the CP, such as gamification,
may have no clear effect on results. Designers should take into account the
number of CP tasks because the additional effort of gamifying a CP when there
are few CP tasks may not be worthwhile. We are also convinced of the influence
of the nature of the tasks. The children in our study found the CP tasks to be
exciting in both the non-gamified and the gamified formats, hence the good
results obtained for both configurations. However, when CP tasks are perceived
to be tedious, gamifying the CP experience may prove worthwhile. Finally,
when designers want children to reflect on key issues, some extra help may be
required to overcome the innate difficulty in fostering reflection and reasoning
in children.

As on-going research we are designing an embodied conversational agent that
accompanies children during the CP. This agent is designed to have structured
conversations (i.e.. non-linear but branched dialogues) with children. Based on
our previous work, this agent is endowed with personality, mood and emotions
[50]. Concretely, the agent embodiment is an anthropomorphic earth. This
time we aim to evaluate how effective and attractive the agent is for engaging
children in conversations.
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