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Abstract. Gamification can be a useful tool when engaging young students with
science. When designing a new game, it is pivotal that a featured storytelling
element can draw students’ attention while providing an enjoyable experi-

ence. However, building such an insightful science dissemination narrative
from scratch is often challenging. As real-life situations are frequently more
appealing to students, adding alternative history elements can be helpful when
designing such a game. In this paper, we present a novel educational framework
to design an educational, science-based storytelling activity using the history of
science and alternative hypothesis as ground tools for its inception. By analysing
student’s feedback when playing a science-based game with a historic episode
outline, they report that their learning experience was fun and relatable, match-

ing their scientific performance during the game.

Keywords: History of Science, Alternative History, Gamification, Storytelling,

Chemistry, Ethics
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1. Introduction

Introducing scientific topics to middle-school
students is often challenging. Teachers and sci-
ence communicators must design appealing ed-
ucational vehicles, especially in the presence of
many resources in multi-platform-based learn-
ing (revamped by the increasing use of digital
media). In a classroom setting, there are several
approaches to gather student’s focus and engage-
ment. For middle-schoolers, playing a compet-
itive game is a very appealing activity [1]. And
even more, if the game has real-life situations
embedded in a storytelling scenery [2, 3]. But the
design and adaptation of such activity require
methodical research and time which, sometimes,
overwhelmed teachers simply cannot invest.
What we aim in this paper is to narrow this ef-
fort, conveying a fresh form of science communi-
cation framework, using the tools and insights of
History and Alternative History.

As such, we present an educational framework
that allows the adaptation of appealing History
of Science (HoS) episodes, modelled by hypothet-
ical history inputs into the design of a storytell-
ing-based educational game. We will start by de-
scribing the background of the current use of HoS
episodes in middle-school science teaching and
why it is relevant for their academic syllabus. The
emphasis will be on the advantages of storytelling
when conveying difficult subjects of science dis-
semination. From there, it will be presented the
proposed framework to adapt these HoS episodes
into scientific storytelling games. We then move
to a practical application of this model, in a pilot

study of a science educational activity.

2. Background

2.1. History of Science for
young educational storytelling
HoS is full of interesting episodes that reflect
scientific discoveries, which could be used as the
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mainstay of educational activities for children
[4, 5]. These episodes often portrait regular men
and women whose purpose is to find answers
to their questions [6]. These tales are more than
just scientific stories, as they often can explain
a scientific concept to a younger audience, more
prompt to learn science when embedded with
storytelling elements [7].

There are several educational advantages to
scientific storytelling. Students often pay more
attention to the plot, encouraging their imagi-
nation. It is reported that it helps students’ long-
term memory formation, helping them under-
stand challenging topics entertainingly [8]. In
some media, these types of activities are recalled
as “edutainment” since they are both entertaining
and educational [9, 10].

We often struggle to engage with a young
audience with science topics. Therefore, science
activities that include other effective learning
techniques, such as hands-on activities or gam-
ification, may be a good way to improve them.
These techniques provide the benefit of adding
another layer of entertainment to the activity.
Hands-on activities provide a sensory and pal-
pable interaction that attracts young students,
while gamification (addition of game elements
to a non-gaming context) [11] helps students to
develop social skills such as teamwork, emotional
and cognitive skills provided by the competitive
factor of a game [12, 13].

The question that remains is how to choose
a story that can draw the audience’s attention.
One way is to build suspense and have a mystery
in the story, it arouses the curiosity of the audi-
ence. These types of “unsolved issues”, “injustice”,
and “unanswered questions” are good plot foun-
dations to capture the audience’s attention. One
type of plot that can have all these ingredients

is a murder story. These types of stories provide
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the necessary framework: they provide a problem
(someone was murdered but why and who did it?),
different scenarios, which can be can be provided
to explain what happened, and in the best-case
scenario provides a closure (the murderer is dis-
covered and brought to justice). Previous studies
focusing on forensic science have successfully
promoted science and engage with participants
[14-16], these include children’s activities and
crime laboratories [17, 18].

3. Framework for History of
Science episodes adaptation
The fundamental steps towards a successful adap-
tation and expansion of HoS episodes into story-
telling gamification applications are presented in
this section. This approach was made using piv-
otal contributions from our pilot experience from
a science dissemination activity, that we will de-
velop in the next section. Broadly, we can sum-

marize this framework within three major steps,
highlighted in Figure 1

Set Educational Goals

Ease story development
1. Choose a

scientific
subject
Experiment choice

Define expansion needs

2. Gamification

Design
Student oriented-expansion

Alternative scenarios
3. Selecting

(and expanding)
History

Figure 1. Schematic representation of the HoS-based

gamification framework.
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3.1. Choosing a scientific subject
The starting point should be the selection of the
discipline (or school subject) that is the focus of
the storytelling narrative. Although this seems
rather trivial, this definition should come with
several touchpoints that will ease subsequent
framework steps.

On selecting a subject, one must identify what
are the educational or communicational goals to
be incorporated in the activity. If children are the
intended audience, it is critical to devise a subject
activity within the educational goals for their
specific school cycle. For example, in chemistry,
there are various ways to display the importance
of redox reactions in our everyday lives, a topic in-
cluded since the 8" grade program of Portuguese
public schools [19]. But it is fundamentally differ-
ent to address this issue towards middle or high
schoolers. It is imperative to study the education-
al guidelines for this chemistry subject within the
age range of the audience. Also, it is advised to
extract from official educational guidelines (and/
or teaching regulations) for the teaching of that
discipline. Then, incorporate the chosen ones to-
wards the story outline.

The primary advantages of doing this exercise
are twofold [19]. Using official educational goals
on the activity’s touchpoints make their dissemi-
nation and subsequent implementation easier to
justify. Not only to gain greater outreach but to
address important specifications for application
in school environments [19, 20]. The other ma-
jor advantage is that it will help on the stage of
adapting the HoS episode with alternative history
elements [4]. As one can imagine, there are in-
finite ways to expand or continue a specific re-
al-life tale. These goals will help us narrow this
step. As we will discuss further, the main intent
of the alternative component is to harbour and
introduce pivotal storytelling elements to the ac-

tual story. If the intention is to expand the role
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of certain experimental matters addressed in the
educational goals, then an experimental element
must be embedded in the story. The alternative
scenario of a historical situation can help us blend
the historical element in such a way, that its out-
come depends on the new action introduced [21].
From a storytelling point of view, this makes our
educational goal an intimate part of the history,
as students cannot solve the gaming composed of
the story without addressing these goals.

3.2. Gamification Design
This intermediate stage, besides setting the tone for
the selection of the HoS episode, brings the most
important dynamics into the activity. It defines
what type of game should be built to be built and
what science-based activities need to be introduced
[13, 22]. Using the educational goals set previously,
this step materializes their purpose in hands-on
experimental activities. Since we are considering
middle-school students, the experiments need to be
adapted to their small laboratory proficiency, while
addressing the highest security standards [23].
Each educational goal encompasses a pos-
sibility of a hands-on experiment. But, even for
understanding how their learning experience is
going, it is advised to congregate several goals
in the fewest experiments as possible, as long as
the goals share a common theme. For example,
instead of designing two or three experiments
to address redox reactions, one should devise a
single activity where individual steps are made,
to embed the remaining learning goals. Steps
can be simple actions as “sample weighting”, “add
reagent to the sample”, “compare results to a bib-
liographical key”. However, it is important that
these actions are intertwined, as the final result
needs to be a consequence of the good application
of educational goals. As for what types of experi-
ments are to be done, it will depend on the prac-

tical scientific subject. Although there is not a
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comprehensive list to address specific school ages,
we recommend that adaptations of school-sanc-
tioned activities or minimal risk, but with enthu-
siastic visual effect to be chosen, such as colour
changing experiments [24].

What also needs to be readily defined in this
step, is the setting and context of the educational
experiments so to better fit them into the story-
telling. In our case, the experiments that we have
chosen were not conducted (at least some) in the
real episode. This could be done by questioning
ourselves: “What if this event occurred differ-
ently?”. Therefore, we must create an alternative
scenario in our history plot to englobe the exper-
iments. This needs to be done to ensure a proper
design of the hypothetical historical scenario (de-
fined as a conscious deviation from an historical
fact) in the subsequent step. Characteristics like
the location, actors, and circumstances need to
be defined to intake these elements in the story-
telling dynamic. From then on it will be easier to
shift the story as we need it [25].

3.3. Expanding History
of Science episodes with
Alternative History
The HoS episodes can come across with differ-
ent call-backs. We can consider as episodes any
event that occurred in the past in which science
(or scientists) were crucial in their outcome. Most
of them can be readily categorized into several
themes. Historical crime cases (in which science
was important in their resolution), the discovery
of hallmarks of science history (the story behind
atomic and relativity theories), or events where
science changed society (like introducing vac-
cines or other medical treatments) can portrait an
effective number of cases to be explored.

The main criteria should always be an epi-
sode already described in the HoS literature. One

fundamental deciding factor would be the asso-
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ciation to the students’ environment. So, the eas-
iest and most effective way to succeed is to select
an episode that took place in the student’s home
country. Better yet, if possible, should always be
considered events that occurred in the same city
as the activity is unfolding. This will facilitate
students” acceptance and place a familiar setup
when dwelling on the game [26].

We should be upfront that not all scientific
sub-themes have dense and interesting HoS ep-
isodes that can be easily embedded within the
framework of a storytelling-based activity. This
is the distinctive feature of our activity. The way
we can expand and design alternative scenarios
for our episode marks an infinite way of interlac-
ing topics, actors, and subjects.

However, it is the ‘expansion’ component that is
central in our activity. As the episode itself cannot
provide all the elements we need to build effective
storytelling for our game, it is up to the promoters
to devise alternative hypothesis and introduce the
elements needed. The expansion is defined as the
evolution of the original storyline, harmonized
with the introduction of story elements.

As such, alternative history can be the promot-
ing catalyst for this expansion. It requires notably
three aspects: an outlined point of divergence
from the written history; the practical change
brought by the divergence; and the implications
of such a change [25]. In our take, the ‘expansion’
component can be densified by these three as-
pects. The point of divergence can be our start-
ing point for the expansion scenario. It identifies,
with precision, when the promotor starts to di-
verge from written history, adding newfound el-
ements to the storyline. Then, secondly, the main
practical change is clarified. It sets to describe
the alternative elements written in the story that
takes the historical narrative to an alternative
divergent reality. And finally, the ‘expansion’ is
further explored, assessing the main implications
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and outcomes that make a perfect distinction be-
tween reality and alternative-based scenarios.

But what is the main tool that the design of
alternative scenarios requires from alternative
history? When addressing a divergent event from
written history, we are introducing a chronolog-
ical counterfactual event that devises a “what if”
scenario towards the storytelling setting of histo-
ry. This is important as this tool from alternative
history is different form a simple “fictional ele-
ment” introduced to design a story plot. It adds a
deeper meaning to the purpose of the ‘expansion’,
as it adds an historical research questions in the
storytelling process. The questions posed by the
“what if” scenario will address the various possi-
bilities of increasing the allure of the story.

Let us discuss a practical example. Imagine
we selected a “Real Life Crime” to be solved using
scientific techniques. We can use this setting to
introduce specific subject elements and goals that
we have devised in Step 1. If we want to address
‘redox reactions’, we can introduce an experiment
that exemplifies the use of this chemical knowl-
edge. The outcome of the experiment by itself
must be irrelevant to the disclosure of the episode,
so the act of experimenting conducting it can be
included in the storyline. For instance, one can
design the experiments whose purpose is to iden-
tify the composition of samples. Substances like
copper sulphate in combustion (a classic ‘flame
test’), give rise to a characteristic green flame
(also occurring a redox reaction) can be used to
identify such substance.

If the case needs several chemical tests to iden-
tify precise elements, we can introduce (or manip-
ulate) practical experiments to be used as vehicles
to address the devised educational goals. Howev-
er, one must keep in mind that, for story purpos-
es, the environment concerning the experiment
must be coherent with the episode. Details as the

laboratory and the scientist conducting it must be
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in tune with the episode (ideally, making our ac-
tors execute the experiment).

But the expansion setup for alternative his-
tory topics can be used further than introducing
elements or experiments. They can introduce
themes that can dwell on other scientific topics.
The ethics, values, and methodologies inherent
to the scientific activity can be introduced coher-
ently. Adding story elements that challenge the
normal development of the scientific query can
be an interesting bending of the storyline. This
alternative storyline can help introduce ‘conflicts
of interest’, ‘professional ethics’, or ‘norms of con-
duct,, by adding examples that emphasize their
implications in the scientific endeavour.

By already having a laboratory setting, one
can create quarrels between different investiga-
tors, where one judges the work of the other, not
by its rigorous execution but by their personality.
Including an alternative history insight is the cre-
ation of fake relationships between the real-life
characters. By doing so, these characters gain new
interests in the story plot, and could ultimately
change their path in the story. If the characters
are inserted into a crime-scene plot, a fake rela-
tionship between two characters could give them
a motif to portrait the crime in question. This
will open more story-ending possibilities that
could enrich the plot of the story.

Nonetheless, the inclusion of these alternative
history tools in a scientific activity will provide
little results if the baseline story is unappealing
for the audience. When choosing a story for a
scientific activity with educational purposes one
must select a story suitable to the audience, care-
fully thinking if it is age and culturally appro-
priate. It is helpful to incorporate a real story, an
actual episode from the HoS, that can provide a
better and deeper connection with the audience
in question, since it can unite an idea from the

story with emotion.
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Other aspects should be taken into consider-
ation when writing a scientific-based story for
children. For instance, the story should provide a
clear problem and an answer for it; several theo-
ries for its explanation; and a proper closure. But
it should also captivate, unfold at the right pace
(always according to the audience), have an inter-
esting plot/characters, and leave a lasting impres-
sion. This can be achieved by enticing the audi-
ence’s curiosity, leaving them in a quest to search
for answers and to know more about the story.
Finally, one must also consider that if the story is
unknown to the audience, they will pay more at-
tention to it, even if it is just to realize how it ends.

4. Perspectives on framework
adaptation

We now introduce an educational activity where
we tested our framework on adapting and ex-
panding an alternative history segment for a sto-
rytelling-based board game. More specific details
on the making of the activity and implementation
of educational resources can be consulted in our
previous work [26, 27]. This section is layered to

accompany the framework stated above.

4. “Ethics against Chemistry”
— A case study
Step 1. Choosing a scientific subject

The edutainment activity “Ethics against
Chemistry” is an educational game created to
disseminate chemistry [28]. It was presented at
the Junior University in 2019 in the Faculty of
Sciences of the University of Porto (Portugal) to
students of 12-13 years old [29]. About 280 stu-
dents took part, as this activity merges education-
al, storytelling-centred tools such as gamification
and hands-on activities.

The official educational goals on the activi-
ty’s touchpoints were identified based on official

documentation provided for the chemistry sub-
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ject, for middle-schoolers [30, 31]. The scientific
themes selected to be addressed were precipita-
tion reactions, exothermic reactions, non-New-
tonian fluids, and redox reactions.

Step 2. Gamification Design
We elaborated on a science-based board game.
The story of the game would have to feature at
least five experiments to cope with the educa-
tional elements in Step 1. Hence, we attributed
one experiment for each thematic group.

“Ethics against Chemistry” comes together in
a board game format, inspired by a famous crim-
inal game. Details of the construction of this ac-
tivity were already published [26, 27].

Students formed teams of 3-4 elements (80
teams in total) and each team had to investigate
a real-life based crime and find out who commit-
ted the crime and why. With hands-on experi-
ments, students analyse samples provided as “ev-
idence” that are submitted to laboratory tests to
determine their composition. The results from
the laboratory experiments are intimately con-
nected to the storytelling. The investigation re-
quired the fulfilment of a digital game report and
laboratory experiments to determine the murder
weapon. The team that comes up with the right
answer with a correct scientific-based explana-
tion for it, wins the game. On the digital game re-
port, ethical issues that the characters faced were
addressed, also enabling us to track the teams’
thinking process (by allowing them to change

their answer as the game progresses).

Step 3. Selecting (and expanding)

an History of Science episode

The authors chose a ninetieth century crime story,
commonly known as “Crime of the Flores Street”
(or the “Urbino de Freitas case”), that occurred in
the Portuguese city of Porto. This was the HoS
episode adapted to the making of this game. In
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1890, Mario Sampaio, the grandson of a rich mer-
chant family of Porto was poisoned to death, and
his uncle, Vicente Urbino de Freitas, was accused
of portraying such act. He was later convicted for
this crime, whose resolution shaped the path of
modern forensic chemistry in Portugal [32, 33]. It
was a popular tale at the time, but it seems to be
an unknown story for Portuguese middle-school-
ers. This story was used as the main plot, though
some alternative elements were added to raise
the level of excitement, to match our educational
goals, and to provide more scenarios to explain
the murder. These elements do not taint in any
way with the scientific results obtained by the
hands-on laboratory experiments.

The major contribution of alternative histo-
ry towards this activity was the restyling of the
storyline, outlining the point of divergence from
the classic historical narrative of the “Urbino
de Freitas Case”. The lure of the story, particu-
larly in the densification of the backstory of the
central characters and the added experimen-
tal steps in the game, was pivotal for adapting
the story as an educational activity. The main
change brought by these new elements was the
questions raised by the added lure. For instance,
the alternative backstory of the characters led
to insightful questions on the role of ethics and
conflicts of interest in science. Also, if the public
understanding of science in the ninetieth centu-
ry was more based on scientific arguments than
the power of authority, would the outcome of
the case have been different? How would Portu-
guese science have developed if its critical role on
the conviction of Urbino de Freitas were down-
played in the courts? These and other questions,
driven by the alternative elements added to the
story, also helped to devise the experimental as-
pect of the activity.

By introducing fictional mandatory experi-

ments on alternative crime-scene samples, the
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story allowed students to engage with practical
chemistry tasks, suited to their age and school
insight. This divergence did not bring any im-
plications on the outcome of the historical case
but was pivotal to create the story setting that
allowed the introduction of practical elements
aimed at middle-school students. However, these
changes implied the construction of a conceptual
scenario with the students on the “what if” pos-
sibilities. If at the time of the case, science had
some analytical tools that were not available at
the time, maybe the outcome of the case and the
public and scientific ramifications of the history
of Portuguese science could be effectively differ-
ent. More than conveying newfound knowledge
to students at a young age, science communica-
tors need to plant a conceptual vision of science,
leading to a more critical and thoughtful materi-
alizing for children.

In the experiments, the students must figure
out the composition of the samples available to
them. For example, one of them was the copper
sulphate mentioned previously. When we asked
the teams, in an online interactive quiz what col-
our was the flame of the copper sulphate, 91,67%
of teams (N=72) answered correctly (green).

After the activity, we asked our students to
answer a small inquiry providing feedback on
the game. This was a voluntary digital inquiry.
We asked them to describe the activity “Ethics
against Chemistry” in three words and we had
146 valid answers. The words were translated
into the English language and arranged accord-
ing to the frequency they were used, and that was
most used to describe this activity was “fun” (90
times in 146 valid answers).

By analysing student’s feedback when playing
a science-based game with a historic episode out-
line, they report that their learning experience
was fun and relatable, matching their scientific

performance during the game [26, 27].
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5. Conclusion

Storytelling has proven to be a good educational
tool, particularly in the case of science. Although
storytelling can be very engaging, the addition
of other interactive features such as gamification
and hands-on experiences can enhance children’s
learning experience while they enjoy themselves
at the same time. HoS provides us with almost in-
finite choices that could easily explain the impli-
cations of scientific discovery in a more effective
and captivating way.

Although real-life stories can impact mid-
dle-school students, the modification of the
story plot through alternative history can ease
the introduction of educational goals in a sci-
entific activity. This incisive option led to the
densification of the storyline, enriching with
new topics and research questions, while also
binding the whole activity together. The alter-
native history elements introduced enriched
the plot by itself and the activity as a whole,
as highlighted in the activity example “Eth-
ics against Chemistry”. By demonstrating the
inception of a multi-layered activity that was
able to address different and complex subjects
(chemistry and ethics), integrating them into
a story with the addition of alternative his-
tory elements, permitted the inception of an
educational board game. It also allowed prac-
tical activities through hands-on laboratory
experiments and discussion of results amongst
the students. This allowed the participants to
have an alternate learning experience, which
was enjoyed as foretold by the reported results.
It is educational activities like “Ethics against
Chemistry” that remind us how important it is
to have more multi-disciplinary activities and
that history and science should work together

more often.
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6. Round Table Insight

The discussion of this work, during an Oral Pres-
entation Round Table at the 2" international
Meeting of * What if?... World History, provid-
ed an important insight into storytelling, though
used in different ways. Though the common
feature is that the key point of storytelling is the
human connection or emotion, and by achieving
this, a scientific message or of any kind can reach
the audience more effectively. Whether it is a sto-
ry from the past or a story project in the future
or merely a speculative story (that might have no
impact on the future), we can learn from it. From
the past, we learn from the evolution of knowl-
edge and for the future, we learn how to plan and
prepare ourselves for what is yet to come.

Stories often come will a moral lesson, a final
message that arises from a moral or ethical di-
lemma on the story’s plot. The inclusion of ethics,
in some form, is always important, whether it is
to explain one’s conduct in a conflict-of-interest
scenario or for scenario planning, speculating if
the future consequences could touch an ethical
conundrum of some sort.

It was brought to our attention the possibility
of adapting this game to an online version, because
of the Covid-19 pandemics and because online sce-
nario planning became a reality in 2019. Although
it has its advantages (such as lower cost, larger ac-
cessibility) it would lose the human connection
that is so valuable in this case, through the screen.

Overall, it all resumes to the emotional con-
nection that these types of activities provide,
whether from storytelling or gamification meth-
ods. They are extremely important for education
as they create a better learning experience, re-

gardless of the inserted context.
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