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Abstract—The science of collecting and analyzing vast amounts
of data to make predictions or derive other types of conclusions
is often called Big Data. It is expected that a new generation
of college students will be studying and working with Big
Data. However, at the secondary school level, a serious lack of
knowledge about it has often been detected. We designed a serious
game to introduce students to this topic. Because Big Data is far
too complex to teach in a single game, we focused our game design
on two main elements: data collection and data analysis. The game
raises awareness on these topics by immersing players in realistic
situations, in which they strategically place data collection centers
and use the collected data to answer various appealing queries
and scenarios. These scenarios exemplify several opportunities
and risks of real-world uses of Big Data. From a preliminary
evaluation of the game, we conclude that the current game design
leads to a statistically significant increase in awareness.

Index Terms—Serious Game, Big Data, Data collection, Data
analysis, Secondary education.

I. INTRODUCTION

Big Data is of increasing importance and impact on every-
one’s life [16]. However, it is a very complex topic, with many
interconnected facets. Big data has the potential to become
more accessible in the future like traditional data processing
pipelines already are [21]. Laney et al. [15] compare Big Data
with more conventional data processing as having larger:

o volume: there is more data, and it may have unknown

value

« velocity: the data is received and processed faster

o variety: there are more types of data, and it is often

unstructured

A slew of data integration, management, and analysis
techniques are often deployed within Big Data. Big Data
fuels many advances [16], as large amounts of data allow
finding unexpected patterns and deriving interesting and useful
conclusions. Large companies use Big Data for security, crime
prevention [10], better user recommendations [13], and solving
other complex problems [19]. However, Big Data can also have
its downsides, as data may be biased and its analysis may lead
to poor or prejudiced performance. For instance, Big Data
systems have been developed for US law enforcement using
unlawful and racially discriminatory data [20].

Progress has been made in lowering the technical skills
needed to work with Big Data. Just as the bar has been lowered
for website creation, due to developments in computational

979-8-3503-2277-4/23/$31.00 ©2023 IEEE

power and accessible website builders, similar progress is
expected to also occur with Big Data [21]. This increase in
accessibility will allow less technically savvy end-users to
work with its technologies.

In more practice-oriented secondary schools, like VMBO-
level schools in the Netherlands [18], students are usually not
taught about Big Data concepts. However, due to the potential
that Big Data has in the future and the predicted increase
in accessibility and ease of use, this less technically savvy
group could be a potential target audience for professional
work with Big Data. For that, it would be important to raise
awareness among students about Big Data notions. It is known
that these students generally enjoy computer/mobile games,
which have proven to be good media for educational purposes
[3]. We, therefore, believe that a serious game has the potential
to achieve this Big Data awareness goal.

The kind of Big Data awareness that is needed for these
students includes knowledge (as defined by Bloom’s taxonomy
[11]) and insight into Big Data possibilities: you do not need
to apply many concepts to be aware of Big Data, but you do
need more than simply memorizing information. With this in
mind, we have chosen the following awareness goals:

1) Understand that Big Data uses vast amounts of

varied data

Students have to understand that Big Data uses a vast
amount of varied, possibly non-informative, data to give
an informative answer to a complex question. This quan-
tity of data makes Big Data different from traditional
data analysis, which thrives on informative data from a
single source.

2) Give examples of data collected and used in Big Data
Students should understand which data might get col-
lected to be used in Big Data. This goal also shows
that data might sometimes get collected unconsciously,
which might turn out to be undesirable.

3) Realize Big Data analysis helps to answer otherwise
complex questions
Students should understand that analyzing a vast amount
of varied data can help answer a complex question. This,
in turn, answers why Big Data is used and why all this
data is collected.

4) Understand that Big Data can have a positive and
negative impact on society
Students should identify which positive and negative
impacts Big Data can have on society and themselves.



This, in turn, makes them realize why it is essential to
understand Big Data, since it can be helpful in some
cases but harmful in others.

Our main contributions are:

1) a simple but effective game design to make secondary
school students aware of Big Data

2) the following insights for creating serious games that
raise awareness of Big Data among practical learners:

e A serious game is a good means for raising aware-
ness.

o More emphasis on the harmful and ethically ques-
tionable use cases is needed to raise students’ aware-
ness regarding the risks of Big Data.

o A standardized evaluation model for educational
serious games could prove extremely useful for this
and similar research.

II. RELATED WORK

Laamarti et al. [14] survey several serious games, many
of which are education-focused, and provide an overview of
what made these games successful. For example, the gameplay
experience should bring players into a flow state. The game
should not be too informative (as this would be hard for the
students to engage in) or too easy. Visuals and sound are
also considered essential features in maintaining and guiding
attention. Additionally, collaborative and competitive games
are more engaging than single-player experiences. Finally,
negative feedback should be avoided during learning because
this tends to discourage the players from performing better.

Gloria et al. [8] also provides an overview of successful
educational serious games. An emphasis is placed on how
specific game architectures teach players. In general, the type
of serious game one builds should be clearly related to the
domain of the topic it teaches. They also recommend methods
to measure the impact of serious games.

Catalano et al. [7] made an extensive survey of serious
games currently proposed in different application domains.
As a result, they provide various useful recommendations for
making educational serious games more effective and thus
increase their learning impact.

Unfortunately, not many serious games have been adapted
to teaching Big Data to secondary school students. However,
some games for teaching data analysis have been implemented
and reported on. An example of such a game is Proximity,
proposed by Ericksson [9]. In this game, the player shoots
a ball at the center of a target. Data analysis techniques
are available to the player to improve the shot’s accuracy.
Ericksson asserts that data should serve as a fundamental
element in these types of games, integral to the gameplay
itself, rather than being a peripheral or secondary feature.
Furthermore, it is also pointed out that a player’s skills should
dominate over luck, since too much reliance on luck would
discourage the players from performing better. This same
design principle has been applied in other real-world data-
related serious games, to improve player’s insight into the
phenomena revealed by that same data [4], [5].

Adisusilo et al. [1] discuss how immersion is vital when
teaching players via a serious game: ‘distracting’ the players
from the fact that they are being taught about a specific
topic improves the overall experience. Additionally, an inverse
correlation between “fun” and “reality” is noted: entertaining
games often differ more from reality than those that are less
fun. This design tension, also identified by Harteveld et al.
[12], is important since a more fun game is obviously more
enjoyable for the user, although a very realistic game might
seem better at teaching a topic such as Big Data.

III. GAME DESIGN

It is quite challenging to engage and tangibly incorporate
into a single game all the awareness goals mentioned in
Section I. One of the main challenges is the balance between
education and enjoyment within a game. We developed the
serious game Little Big Data with the special concern of
aiming at our awareness goals without taking players away
from their enjoyment. Considering the complexity of the
topic, and our target audience, we realized the importance
of keeping players interested and focused. As a result, we
decided to highlight a choice of aspects of Big Data in a
simplified manner whilst leaving others out. The game focuses
on fostering a high-level understanding of Big Data, as well as
pointing out the main processes that drive it in the real world.
As such, Little Big Data aims to emphasize the data collection
and analysis phases.

To achieve the effect mentioned above, the game loop has
been divided into several phases; see Figure 1. Firstly, students
are prompted with a scenario that exemplifies the application
of Big Data during the building phase. For example, they could
be asked to help a company collect and analyze data to find the
source of a disease. To fulfill this scenario, students are first
instructed to place data collection centers on a map spanning
several cities. Next, students enter a collection stage in which
they are shown real-life examples of collected data. Finally,
they enter a data analysis phase where they utilize the collected
data to find an answer to the prompted scenario, after which
they are rewarded with points. The score is calculated as a
function of the quality and speed of their analysis. Rewarding
the quality of analysis ensures that students exercise their
critical thinking and reflect on the scenario. Speed is also
rewarded for discouraging brute-forcing the solution.

This game design was chosen to comply with several
constraints. For one, the game must be intuitive and playable
without supervision, to streamline the learning experience. As
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Fig. 1. Core game loop of Little Big Data
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Fig. 2. A data center is about to be placed by the player.

such, the game features a set of easy-to-execute tasks, and the
necessary instructions to perform them. The small set of game
stages makes the game functional on low-end hardware and
deployable to the web so that it can be easily accessed across
secondary schools. Typically, students only require 10 minutes
to complete the game which easily fits into the classroom
schedule. In order to further align the game genre with the
domain, we integrated strategic, spatial and otherwise cogni-
tive tasks into the game loop. These are common concerns
within similar educational games [17]. More specific details
on the main game stages are now discussed.

A. Big Data collection

Each round of the game starts with a scenario to give
the student a motive for why they would want to collect
big data. These scenarios range from finding the origin of
a virus outbreak to predicting the most popular upcoming
movies. Then, the student is presented with a map of cities
and villages. This map clearly shows the large-scale Big Data
collection covers in real life. The student can place data centers
that collect data from nearby cities. Some cities have more
potential data to collect, as visually indicated by the city
density; see Fig. 2. Larger cities have more citizens and,
therefore, more data. Exploring game mechanics of a new
game is a difficult task, especially for students with a limited
attention span [6]. We, therefore, included a tutorial to guide
them in interactively learning the game mechanics, as shown
in Fig. 2.

The player can collect three different types of data: per-
sonal, online, and location. This distinction shows that many
different types of data can be used in Big Data analysis, thus
addressing the first awareness goal: Understand that Big Data
uses vast amounts and varied data. To ensure the game stays
comprehensible, we have limited the number of categories to
three. Later in the game, the student will combine these data
types to achieve this objective. We created three sizes for each
data type to engage the students with decision-making and,
thus, give a more personalized feeling to the game; see Fig.
3.

When the player is satisfied with their data center place-
ment, the game enters an automatic collection phase. Here the
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Fig. 4. The data collection phase in the 5th round.

second awareness goal is realized: as data is being collected,
a news ticker, with real-life examples of how data can be
collected, is scrolled at the bottom, as shown in Fig. 4.

B. Big Data analysis

At this stage, we address our third awareness goal: Big
Data analysis helps to answer otherwise complex questions.
In this phase, the player can use the data collected to solve the
prompted scenario. These prompts can show the negative and
positive impact of Big Data, which is the fourth awareness
goal. Students have to use their reasoning skills to select a
set of data sources relevant for the scenario at hand. A good
selection will lead to a stronger model with more accurate pre-
dictions. This notion is communicated to the student through
a dynamic display that shows their model’s certainty score;
see Fig. 5.

This selection task was chosen because data selection goes
together with Big Data analysis in the real world [2]. Addition-
ally, the student can draw parallels between the sources and
media with which they interact. This cognitive task aligns with
the educational domain as students must use their reasoning
skills, and it is similar to that of other games around data
analysis, such as Proximity [9]. Here we opted to keep it a
simple and approachable task, not to compromise the learning
purpose of this educational game [23]. After a satisfactory
selection is made, a reward window will summarize the stu-
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Fig. 5. The scenario prompts a medical question, asking the player to find
the source of a disease. Choosing pertinent information, for instance, personal
data including “age” or determining who is “’sick”, will substantially boost the
model’s confidence score. Making irrelevant selections will have an adverse
effect, making the model less confident and consequently leading to a poorer
reward.

dent’s performance. The algorithm that calculates the reward is
fully deterministic to make the learning process performance-
based, a feature of most successful serious games [14]. This
reward is further underlined by an online leaderboard aimed
at encouraging competition and engagement.

IV. EVALUATION

We have evaluated how Lifttle Big Data raises awareness
regarding Big Data by assessing the extent to which the game
reaches the awareness goals set in Section I. For a serious
game to be effective in raising awareness about a topic, it must
be intuitive and engaging to play [22], or this might unwit-
tingly hinder achieving those awareness goals. We, therefore,
have also evaluated the intuitiveness and engagement of the
game.

To test whether our awareness goals were achieved, we
conducted an experiment. Convenience sampling was used to
sample 12 students from Dutch secondary education, in coop-
eration with a teacher, who confirmed this sample generalizes
well to the target population. We tested the students’ awareness
before and after playing the game with a questionnaire, see
Appendix A. There was no delay between the pre-test, game
interaction and post-test. Due to the limited sample size, a
within-group design was chosen. We have graded the results
according to the indicated metrics (for convenience, now on
the questionnaire). To minimize bias, we employed a blind
approach in grading the responses. This approach ensured that
when grading, we were unaware of whether a student’s answer
was given before or after interacting with the game as well
as which student had given the response. This ensured that
our grading process was not influenced by our knowledge of
the intervention (the game) or any preconceived notions about
individual students, thereby enhancing the objectivity of our
evaluation.

Participants were also asked to score how intuitive and
engaging the game was with an evaluation form A. The form

TABLE I
SIGNIFICANT IMPROVEMENT FOR TEST QUESTIONS

Question Significant
Improvement

What’s important when collecting data for Big Data | True

analysis?

How can Big Data have a positive impact on our lives? | True

How can Big Data have a negative impact on our lives? | False

How could you collect data in a supermarket? True

Give an example of what a data point could look like. | False

Give an example question difficult to answer without | False

Big Data.

Why is this question difficult to answer without Big | False

Data?

was answered on a 7-point scale from ’strongly disagree’ to
’strongly agree’.

A. Results

The one-tailed, paired sampled t-test is used to check for
a statistically significant increase in the means between the
before and after test scores. A t-test was possible given
that the data is continuous, the observations are independent,
the variance is homogeneous, and the score distributions are
approximately normal.

Students show a significantly higher awareness of Big
Data after playing the game (M=3.42, SD=3.18) than before
interacting with the game (M=0.83, SD=1.40). Table I does not
show improvement for all test questions: students struggled
to give negative examples of Big Data uses, and could not
describe what collected data might look like.

Table II shows the result of the subjective evaluation.
Generally, students felt neutral about all questions, given that
all scores were less than one standard deviation from 4.0.

TABLE 11
RESULTS OF THE SUBJECTIVE EVALUATION FORM
(QUESTIONS TRANSLATED FROM DUTCH)

Question Mean Standard deviation
The game is fun to play 4.5 1.4
I felt in control of the game 3.6 14
The game was easy to play 4.5 1.3
I understood how the game worked | 3.6 1.7
I learned something new 4.25 2.0

B. Discussion

Table III summarizes our findings with regard to achieving
the awareness goals.

The results show a significant increase in the student’s
awareness of Big Data before and after playing the game.
We can, therefore, state that the students’ awareness has been
raised. This increase can be seen by the 95% significant
rise in test results for three out of six questions (see Table
I). However, because the significance of this increase is not
present for all questions, we cannot say that all awareness
goals have been reached.

Table III shows that the first two awareness goals have been
reached: Big Data uses vast amounts of varied data and What



TABLE III
AWARENESS GOALS AND ACHIEVEMENT LEVELS

Awareness Goal Achievement Level
Understand that Big Data uses vast amounts | Yes

and varied data
Give examples of data collected and used in | Yes
Big Data processing
Realize Big Data analysis helps to answer | No
otherwise complex questions

Understand that Big Data can have positive
and negative impact on society

Partially

examples of data collected and used in Big Data processing
are. The awareness goal Big Data can have a positive and
negative impact on society has been partially achieved since
the students were able to name examples of positive impacts
but not quite of negative impacts. Finally, goal Big Data
analysis can answer complex questions has not been reached.

However, several objections could be made as to why this
result is less than conclusive. The first is a general lack of
standardization in evaluating serious games. We designed our
own evaluation questions, and it is difficult to judge how well
they make the learning goals measurable. For example, the
phrase “Give an example of what a data point could look like”
seems not to have been well understood by most students,
making it a poor measure of the game’s efficacy. Moreover,
even though we took steps to reduce the bias in the results,
there may still be some bias due to our designing and grading
the questions ourselves. This is, again, difficult to account for.

Secondly, our sample size was a mere 12 students. In combi-
nation with possible distracting factors during the evaluation,
this reduces the accuracy and reliability of the test results.
In addition, the students had little motivation to perform the
evaluation to the best of their ability. Furthermore, they might
have been more motivated to get the questions right the second
time they were answering, once they most likely figured out
why we asked them twice (before and after playing the game).
Again, this reduces the certainty of the test results.

Thirdly, the way the questions were structured in some cases
(partially) gave away the answer we were looking for. For
example, by asking the students, “What is important when
collecting data for Big Data analysis?” before they played the
game, they might already be on the alert to look for answers
in the game. As a result, their score on this question when
answering it after playing the game will most likely be (much)
higher.

Besides testing the increase in awareness, we also eval-
uated the students’ subjective experience of playing Little
Big Data (see Table II). Considering the mean and standard
deviation of these results, the game scored somewhat neutral
on all elements. This neutral score can be explained by the
challenge of balancing education and enjoyment throughout
the game. The educational component of the game may have
somehow negatively affected the enjoyment and vice versa.
Although a higher average score would have been preferred,
this neutral score is entirely satisfactory given the challenges
of including all awareness goals within a single experience

and keeping the game simple and enjoyable. Another potential
contributing factor to these scores not being higher is the
game’s balancing. It proved rather tricky to strike a balance
between game elements’ effectiveness that both supported the
chosen awareness goals and made the game enjoyable.

From the results, it has become clear that a more effective
and standardized method of evaluating the game is desirable.
Some questions from Table I proved helpful in answering
whether a teaching goal was achieved, whilst others were
either not understood by the students or produced unhelpful
answers. Furthermore, future evaluation should be done with a
larger sample size and potentially with some additional reward,
to encourage students to do their best.

V. CONCLUSION

We have presented a serious game, Little Big Data, with the
purpose of raising awareness about Big Data among secondary
school students which can be accessed online !. The game
focuses on two important aspects of Big Data, data collection
and data analysis. For this, it exposes players to a scenario
and lets them decide on the best data collection strategy to
address a given prompt, as well as query the collected data to
find answers for it.

The results of the evaluation of Little Big Data indicate that
the game was effective in raising awareness about Big Data
among the students. Based on this finding, we consider that
the use of serious games can be explored and recommended as
a viable option for introducing Big Data to secondary school
students.

The current version of Little Big Data could likely be
improved to also emphasize some negative or ethically ques-
tionable uses of Big Data. Similarly, additional design effort
should be made to clarify that Big Data can answer complex
questions. Finally, it would be also interesting to investigate
which components of the game were the most contributing
factors for raising Big Data awareness.
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APPENDIX

A. Awareness Goals Evaluation Form

1) What is important while collecting data for Big Data

analysis?
The student names the following:

o Vast amounts of data (1p)
e Varied data (1p)

2) In what positive way can Big Data impact our lives?

Any realistic positive example (2p) such as:
« Help find cures
o Improve transit
e etc.

3) In what negative way can Big Data impact our lives?

Any realistic negative example (2p) such as:

« Manipulate people
o Less privacy
e ctc.

4) Give an example of how you can collect data for Big

Data processing in a supermarket. Also give a data

point example.
Example answer:

e« We can keep track of what everyone buys to rec-
ommend them discounts which will make them buy
more (1p)

« An example data point could be: Mark buys 5 apples
every week (1p)

5) Give an example of a question you can answer using

Big Data, which otherwise would be very difficult.
Explain why.
An example could be as follows: What cure for the
flu works the best? (1p) Normally this is very difficult
because there are many cures and many different types
of flu. (1p)

B. Intuition and Engagement Evaluation Form

Rate the following statements from one to seven. One is

fully disagree and seven is fully agree. Four is an undecided
answer.

1) The game is fun to play

2) I felt engaged while playing the game
3) I feel in control of my actions

4) The game felt intuitive to play

5) I know what the goals of the game are
6) I felt like I learned something new



