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Abstract 
Students often face high level of stress when they study mathematics, affirming that it is complex, hard 
and boring. Without any pretention to try to explain the causes of this discomfort, we propose digital 
games as a special way to bring students closer to mathematics, at least in the engage phase of 
learning. The interest of the students can be directed to story - driven games, because they are able to 
evoke strong emotions, overshadowing the actual game play. Digital Storytelling (DGT) interactive and 
Applied Problem Solving (APS) are the main educational proposals; we proved that Challenge - Based 
Learning (CBL) and Game - Based Learning (GBL) motivate students and make them feel actively 
involved in the educational process and transform them in co - constructors of their skills. The 
educational context is strongly interdisciplinary, and it is part of the educational plan of the 
Mathematical High School Project, in nine High Schools in Campania, a region in the southern Italy. 
This project involved 421 students. A semi - quantitative analysis of the results obtained validates the 
educational effectiveness. 
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1 INTRODUCTION  
Fifteen-year-old Italian students seem to develop a gradual disaffection to mathematics, often taught 
in a rigid and scarcely motivating way. The INVALSI and OCSE PISA surveys confirm this evidence, 
highlighting this trend also in terms of performance and acquired skills [1]. Even, the study of 
humanities seems not to fascinate our students much more, so they more and more rarely choose 
classical high schools. Modern social conditions ask school for a new identity, changing its methods 
and tools to match the new scenarios. It is necessary to know how to manage their active 
reprocessing of contents which allow their use and interpretation in problematic situations and the 
mastery of links between different contents. The educational purposes assume also a social 
relevance: the student must learn to organize knowledge; teachers are responsible not only of a 
correct acquisition, by the student, of the disciplinary knowledge but also that of "teaching" involving 
emotional and motivational aspects. PISA defines mathematical literacy as follows: "Mathematical 
competence is the ability of an individual to identify and understand the role that mathematics plays in 
the real world, to make well-founded evaluations and to use mathematics and to deal with it in ways 
that respond to the needs of the life of that individual as a citizen who exercises a constructive, 
committed and based on reflection " [2].  Mathematical literacy cannot be reduced to a simple 
knowledge of mathematical terminology, facts and procedures, or the skills necessary to perform 
certain operations and apply certain methods, although it presupposes all of this. Mathematical literacy 
involves a creative use of elements to find an answer. The "real world" is the natural, social, and 
cultural environment where individuals live. Using mathematics and dealing with it means going 
beyond its functional use in the strict sense, but also understanding the beauty and playful aspects of 
mathematics and its importance for future studies. Mathematical literacy is a person's ability to 
formulate, use and interpret mathematics in a variety of contexts. This competence includes the ability 
to reason in a mathematical way and to use mathematical concepts, procedures, data, and tools to 
describe, explain and predict phenomena. It helps students to recognize the role that mathematics 
plays in the world, to make evaluations and to make well-founded decisions that allow them to be 
committed, thoughtful citizens with a constructive role. The concept of mathematical literacy includes 
the notion of mathematical modelling, which has always been one of the pillars of the PISA framework 
[1]. Since students use mathematics and mathematical tools to solve contextualized problems, their 
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work involves a series of steps. Figure 1 shows an overview of the main constructs of the present 
frame of reference and indicates the relationships between them. 

 
Figure 1: Problem Solving Modelling cycle. 

Modelling cycle is one of the basic aspects of the PISA concept of students as active subjects in 
problem solving; it is not always necessary to carry out all the steps of the cycle, especially in a survey 
[3]. It often happens that parts of the mathematical modelling cycle were already carried out and the 
final user performs only a few steps. For example, sometimes, mathematical representations, such as 
graphs or equations, are ready to be used directly to answer questions or draw conclusions. The 
educational context is strongly interdisciplinary, and it is part of the educational plan of the 
Mathematical High School Project. Our experiment was performed in nine High Schools in Campania, 
a region in the southern Italy, and involved 421 students. At the end of this teaching experience, a 
semi-quantitative analysis of the results was performed to validate the educational effectiveness of this 
learning approach. 

2 THEORETICAL FRAMEWORK 
Interactive Digital Storytelling (DGT) [4] and Applied Problem Solving (APS) [5] are integrated in our 
teaching proposal: the first one, because the narrative approach has a highly gratifying character, 
favours both the networked knowledge and the combinatorial creativity;  the second one, because it 
helps students to reflect on their way of thinking and to respect the thinking of others, to establish 
important connections and internalize a deeper understanding of the mathematical concepts; the 
Challenge - Based Learning (CBL) [6] and the Game - Based Learning (GBL) [7] are very effective to 
motivate students and make them participate in the educational process and transform them in co - 
constructors of their skills in a process typical of the cooperative teaching methodology. 

2.1 Applied Problem Solving 
Problem solving is essential for learning mathematics.  

By learning to solve problems, students gain the ability to connect mathematical ideas and develop 
conceptual understanding. It can be considered an essential process through which students are able 
to achieve mathematical skills. Problem solving is chosen as a stimulus for the proposed educational 
path for the following reasons: it links the teaching-learning process of mathematics to the real world; it 
helps students to become more confident in their ability to do math; it allows students to use the 
knowledge they learn at school and helps them to connect mathematics with situations outside the 
classroom; it helps students to develop math understanding and gives meaning to skills and concepts 
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in all fields; it allows students to reason, communicate ideas, create connections and apply knowledge 
and skills; it offers excellent opportunities to assess students' understanding and application of 
concepts and procedures and their communication skills; it promotes collaborative sharing of ideas 
and strategies and discussion of mathematics; it helps students to learn math while having fun; it 
increases the use of critical thinking skills (estimating, evaluating, classifying, assuming, recognizing 
relationships, hypothesizing, offering opinions with motivations, and making judgments). 

 
Figure 2: Polya scheme. 

In the end, students will have learned many problem-solving strategies that they can use and integrate 
flexibly to face new problems or to learn or support mathematical concepts. The most commonly used 
problem-solving model is George Polya's [8] four-step model: understanding the problem; make a 
plan; run the plan; look back to check the results. This approach can be generalized to other problem-
solving situations. The four-step model provides a framework to help students to think about a 
question before, during and after the troubleshooting experience. The four-step model is depicted in 
Figure 2. Students should be aware of the necessity of backtracking during the troubleshooting. 

2.2 Interactive Digital Storytelling 
Authoritative studies document the pedagogical value of storytelling [9], [10], [11] both for the highly 
gratifying character of the narrative approach and because the narrative mechanisms, also supported 
by multimedia elements, generate hermeneutic-interpretative processes and conceptually meaningful 
correlations. New technologies offer multiple tools for creating stories and the combination of the art of 
inventing a story and the use of a variety of multimedia tools such as graphics, audio, video, and the 
Web is called Digital Storytelling (DST). In fact, the Digital Storytelling Association describes Digital 
storytelling as: 

[a] modern expression of the ancient art of storytelling. Throughout history, storytelling 
has been used to share knowledge, wisdom, and values. Stories have taken many 
different forms. Stories have been adapted to each successive medium that has 

0573



emerged, from the circle of the campfire to the silver screen, and now the computer 
screen. 

Following the plot puts the student in front of problematic situations that also invest logical and 
mathematical skills. In addition, DST allows different learning styles to be addressed using various 
types of resources and various learning strategies such as active and emotional involvement of 
students, reflection, project-based learning and integration with ICT [12]. 

2.3 Challenge-Based Learning 
Challenge - based Learning (CBL) is an interdisciplinary teaching approach devised by Apple [13], 
encouraging students to take advantage of the technology they use in everyday life to solve real-world 
problems. This is a collaborative methodology [14] because students work and interact with peers, 
teachers, and experts; this allowed to deepen topics, identify, and solve problems, act, and share 
experiences. This methodology was used to make students participate in their learning in a playful 
context, letting them focus on a challenge while promoting the authentic use of technology.  Moreover, 
it allowed them to develop the skills of the XXI century and the teachers to completely revisit their 
educational methodologies, inspiring a deep reflection on the teaching-learning process. 

2.4  Game-Based Learning 
It was decided to integrate the CBL environment with a ludic learning environment to provide students 
with engaging interdisciplinary learning conditions, creating opportunities to enhance collaborative 
skills and helping them to learn new concepts and synthesize new information. Furthermore, play 
activity can be a stimulus, because it reflects the competition of the real life. Problem solving pushes 
to be creative and resourceful while GBL promotes emotional learning and motivates the processes of 
understanding. 

3 METHODOLOGY 
The game is set up as an interactive path made of stages recalling the journey of Aeneas from Troy to 
Rome. Students have to conquer a destination, listening to some verses of the Aeneid referred to the 
place indicated on a map (see figure 3) and through a viewer they will be able to see evocative images 
of the place. To conquer that goal the user will have to recognize the character that Aeneas met in that 
place. To continue the journey towards a new destination it is necessary to answer to riddles of 
increasing difficulty. 

 
Figure 3. Screenshot of the game. 
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Figure 4. Examples of questions trough Screenshot of the game. 

Many problems are made up of classic puzzles like ones proposed by Smullyan [15]: in the island of 
knights and villains the characters are knights, who always tell the truth, and villains, who always lie. In 
turn, these riddles are inspired by the story of the two doors and the two guardians, one who always 
lies and the other who always tells the truth. 

Example: Aeneas and Dido 

When the students arrive in Carthage, they meet the figure of Dido. Students listen to the reading of 
some verses according to the Latin metric used by Virgil: 

“Devenere locos ubi nunc ingentia cernis 
Moenia sergentemque novae Karthaginis arcem, 

mercatique, solum, facti de nomine Byrsam, 
taurino quantum possent circumdare tergo. 

Sed vos qui tandem? quibus aut venistis ab oris 
quove tenetis iter?” 

They must answer, finding the place where Aeneas is located. If anyone can answer, there are tips; 
the first is the reading of the verses translated in Italian and an explanation: the legend has it, that 
Dido, daughter of the king of Tire (today south of Lebanon), who escaped from her city, after a long 
period of navigation, arrived in the bay of Carthage, on the shores of present-day Tunisia. Fascinated 
by the beauty of that area, Princess Dido asked the king of that place that a piece of land was granted 
to find her kingdom. The King, to dissuade her, gives her an ox-skin. To make fun of her, he gives her 
the permission to occupy a portion of the soil contained around the skin. Mathematically the problem 
consists in solving the following question 

Of all the closed curves of the plan, with a fixed perimeter, which curve, if any, does it maximize the 
area of the region enclosed by the curve? 

To educate emotional intelligence, we managed to use contexts and experiences familiar to the 
students, especially where it was needed to apply or concretely practice some abstract concepts. 
Students will more easily identify himself in the character of Aeneas by retracing his path, so that the 
training objective appears “metaphorized” through a process of storytelling. The chapters of Aeneid, 
becoming episodes and levels, will appear easy to use to the student who wants to get to the end of 
the story to score, reach a goal or simply finish the game. Taking advantage of the educational 
potential of GBL and CBL mobile apps, they were used in a BYOD fashion. The Sketch software 
available for Mac OS and Swift IDLE XCode was used to develop the user interface. An innovative 
user interface has been developed, totally designed from scratch and the behaviour of a sample of 
students was analysed aiming at developing the games in the best way. The result is an experience 
tailored on students where even the contents are straightforwardly recognizable by them. After the 
experiment, it was planned to use the Apple developer environment, thanks to the ability of students of 
all ages to interact with the system and for future implementations. The software is based on five 
views. The first and main is composed of three elements: a map, a score table and a position 
indicator. In the second there is a box with a game and two boxes that the user will choose as a 
solution. After answering the first game correctly, the third part will appear. There will be a view like 
the previous one but this time the question will be about the main topic. If the answer is correct, the 
user can access more information on the subject, otherwise some suggestions will be shown. The last 
view is what makes this app based on games and challenges:  it will show the scores of students, 
groups, and statistics. The main project is based on the statistics available to the teacher. It can follow 
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the progress of the students, to study some topics that the students do not know very well. The 
software also uses an automatic learning algorithm to adapt the questions to the skills of the class. 

4 RESULTS 
At the end of the course, students were tested to evaluate outgoing mathematical skills. The test was 
prepared on the OECD Pisa and INVALSI standards and the assessment was prepared on 6 levels of 
competence according to the source OCSE 2004, 47 (Italian translation INVALSI 2006, page 32). The 
following table shows the data of the experimentation and compared with the national data 

Table 1. Results. 

Level Lower level 
score 

Percentage of students 
able to perform tasks at 

each level or above 
(OECD Average) 

What students can do 

6 669 Italy: 2.2% 
our statistical sample: 
10.6% 
 

At Level 6, students can interpret, evaluate and critically reflect on a 
range of complex statistical or probabilistic data, information and 
situations to analyze problems. Students at this level bring insight 
and sustained reasoning across several problem elements; they 
understand the connections between data and the situations they 
represent and are able to make use of those connections to explore 
problem situations fully. They bring appropriate calculation 
techniques to bear to explore data or to solve probability problems; 
and they can produce and communicate conclusions, reasoning, 
and explanations. 

5 607 Italy: 9,9% 
our statistical sample: 
18% 
 

At Level 5, students can interpret and analyze a range of statistical 
or probabilistic data, information and situations to solve problems in 
complex contexts that require linking of different problem 
components. They can use proportional reasoning effectively to link 
sample data to the population they represent, can appropriately 
interpret data series over time, and are systematic in their use and 
exploration of data. Students at this level can use statistical and 
probabilistic concepts and knowledge to reflect, draw inferences and 
produce and communicate results 

4 545 Italy: 27,6% 
Our statistical sample: 
30.9% 
 

Students at Level 4 can activate and employ a range of data 
representations and statistical or probabilistic processes to interpret 
data, information, and situations to solve problems. They can work 
effectively with constraints, such as statistical conditions that might 
apply in a sampling experiment, and they can interpret and actively 
translate between two related data representations (such as a graph 
and a data table). Students at this level can perform statistical and 
probabilistic reasoning to make contextual conclusions. 

3 482 Italy: 52.2% 
our statistical sample: 
65.3% 
 

At Level 3, students can interpret and work with data and statistical 
information from a single representation that may include multiple 
data sources, such as a graph representing several variables, or 
from two related data representations, such as a simple data table 
and graph. They can work with and interpret descriptive statistical, 
probabilistic concepts and conventions in contexts such as coin 
tossing or lotteries, and draw conclusions from data, such as 
calculating or using simple measures of center and spread. 
Students at this level can perform basic statistical and probabilistic 
reasoning in simple contexts. 

2 420 Italy: 76.3% 
our statistical sample: 
85.1% 
 

Students at Level 2 can identify, extract and comprehend statistical 
data presented in a simple and familiar form such as a simple table, 
a bar graph or pie chart. They can identify, understand and use 
basic descriptive statistical and probabilistic concepts in familiar 
contexts, such as tossing coins or rolling dice. At this level students 
can interpret data in simple representations and apply suitable 
calculation procedures that connect given data to the problem 
context represented. 
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1 358 Italia: 92.4% 
our statistical sample: 
100% 

At Level 1, students can identify and read information presented in a 
small table or simple well-labelled graph to locate and extract 
specific data values while ignoring distracting information and 
recognize how these relate to the context. Students at this level can 
recognize and use basic concepts of randomness to identify 
misconceptions in familiar experimental contexts, such as lottery 
outcomes. 

The teacher's interventions never aimed to give the exact answers but were mainly intended to 
support critical thought, which led some students to enhance their reasoning process, moving from the 
procedures to the reasons underlying them and to the identification, understanding and recovery of 
any errors made by them or their peers. The teacher's interventions also resulted in an evolution in the 
use and coordination of several systems of semiotic representation: for example, some students 
began to complete exercises not only by using what they remembered but also by exploiting graphical 
representations [16]  

5 CONCLUSIONS  
Team competition stimulated infra - group collaboration, team building, self - organization, informal 
transfer of knowledge and skills. Moreover, the results of the test showed that the gap between 
students of vocational school, not very inclined to the study of mathematics, and high school students 
already accustomed to the mathematics presented to them in a more rigorous way, was greatly 
reduced. Good problem solvers regularly and consciously reflect and monitor their own mental 
processes. In this way, they can recognize when the technique they are using is not fruitful and to 
make a conscious decision to move to a different strategy, rethink the problem, look for knowledge 
about the content that might be useful and so on. Student problem-solving skills are improved when 
they reflect on alternative methods of running a business, even if they have successfully completed it. 
Reflecting on the reasonableness of an answer considering the original question or problem is another 
way to improve their ability to make sense of problems. Even very young students should be taught to 
examine their own mental processes in this way. One of the students' best opportunities for reflection 
is immediately after completing an investigation, when the teacher gathers students to share and 
analyse their solutions. The students then share the strategies, defend the procedures used, justify 
their answers, and clarify any misunderstandings they may have had. This is the moment when 
students can reflect on what made the problem difficult or easy (for example, there were too many 
details to consider, they were not familiar with the mathematical terms used) and they think about how 
they could deal with the problem in different ways. Reflecting on different ways of thinking helps 
students to establish important connections and to assume a deeper understanding of the 
mathematical concepts. 
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