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1 Introduction

The main purpose of Calculus courses is to introduce students to the scientific
method of analysis, providing a suitable language and useful skills in order to
e↵ectively face other disciplinary courses. Unfortunately, this does not happen
frequently. Many students perceive the Calculus exam as a stumbling block and
try to postpone it as much as possible. This negative mindset can quickly turn
into a cycle of low confidence, less motivation, and poor performance [1, 2]. Math
anxiety is always just around the corner [3]. Added to this emotional stress is
the impact of the COVID-19 pandemic on education, with the distinctive rise of
e-learning and digital platforms, forcing teachers to quickly develop new teaching
strategies. In this framework, designing preliminary actions aimed at fostering
motivation and increasing engagement of students attending university basic
calculus courses is an essential challenge. It is not by chance that students with
higher learning motivation “achieve significantly higher test scores, enjoy learn-
ing more, have more positive self-concepts, make greater use of deep learning
strategies and engage to a greater extent in autonomous self-regulated learn-
ing” [4] (see also [5, 6]). The purpose of this research is to explore the possible
advantages of mixing digital tools and pedagogical techniques in order to keep
students engaged and help them to approach the study of mathematics e↵ec-
tively, improving both their satisfaction level and their results. In particular,
this paper describes a learning activity called Advent Calendar. Proposed within
a calculus course, it seeks to involve students in their learning process through-
out a non conventional, gradual experience which recalls the logic of the special
calendar used to count the days until Christmas. Every day, students carry out
a Christmas-themed mathematical exercise. Santa Claus, the elves and the rein-
deer are facing problems that can be solved by exploiting suitable mathematics
tools introduced during the course. This storytelling process gives concrete form
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and a familiar connotation to abstract mathematical concepts, involving emo-
tions and imagination at the same time: “a story tends to have more depth than
a simple example” [7].

2 Activity Design and Implementation

The Advent Calendar activity is based on one of the most e↵ective learning
strategies: spacing. Spacing consists of spreading out study time across a suf-
ficiently long period of time in order to produce a more long-lasting learning
[8]. It requires planning and students are often unable to do that. From this
perspective, storytelling turns out to be very e↵ective in guiding and involving
them. The Christmas scenario downplays the topic and brings students to tackle
challenging problems that they would hardly face in a more serious context.
Stories and their characters are able to involve students and provide a structure
for remembering concepts, creating vivid mental images [7, 9]. The benefits of
storytelling as a powerful medium for teaching and learning math have been
investigated by several authors [10–13].

The activity has been proposed in three courses of Mathematics (Architec-
ture and Agricultural Sciences) during the first semester of the academic year
2020-2021. It was carried out using Moodle’s assignments, along with a Google
Drawings file. Google Drawings was used to create the interactive image of the
Advent Calendar, which has been embedded in a Moodle page. Each gift box
was linked to a single exercise hosted inside a Moodle assignment. We used
Moodle assignments’ availability conditions in order to allow students to enter
and submit their exercise only during the corresponding day. The first student
who uploaded a correct solution was awarded with his/her name on the corre-
sponding calendar’s gift box. We provided students with customized feedback
on their activities and on the last day we opened a forum, inviting them to send
Christmas greetings to their colleagues using a mathematical language.

In order to enhance learning through gamification, students were given a score
for every correct exercise completed within the required time frame, taking into
account the submission order. The score distribution started from 100 for the first
exercise submitted and decreased by one for subsequent uploads: this decision
was aimed at stimulating spacing, promoting regular participation rather than
speed of delivery. The exercises were not organized with increasing di�culty
levels. In this way, students were encouraged to open the gift box and have a
look at the exercise every day, independently of their ability to solve the exercise
of the day before. Anyway, in order to keep students engaged in the activity, the
di�culty level of the exercises has to be chosen carefully. In fact, exercises cannot
be too di�cult or excessively time consuming, but they need to be su�ciently
challenging to stimulate competition. Due to the “light” nature of the activity,
the final score was not included in the final grade for the course. All students
who submitted at least one exercise received a certificate of participation based
on ranking.

The activity made it possible to answer the following research questions:
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Q1 Does the Advent Calendar promote positive emotions when learning math?
Q2 Does the Advent Calendar improve each student’s learning experience?
Q3 Is gamification e↵ective in stimulating students to accurately carry out the

exercises day by day (spacing)?
Q4 Does the participation in the proposed activities have a positive impact on

the final exam?

3 Results

The Advent Calendar had 121 participants. This is about half of the students
enrolled in the three courses. Despite the apparent naive scenario, the broad
participation of the students showed how they got involved in the activity. Many
students posted funny and positive messages in the forum, showing how the
activity has sparkled their imagination and contributed to their reconciliation
with mathematics (Q1). The activities turned out to be quite e↵ective since
they made students struggle to solve the exercises and test ideas in order to get
feedback. Furthermore, personalised feedback highlighted a variety of mistakes
and made it possible to suggest di↵erent approaches to solve the problem. In
this way, the activity follows the logic of the flipped classroom, encouraging
students to ask questions during lessons and to actively interact amongst them
and with the teacher. It is also interesting that a certain number of students
viewed the exercise without (then) submitting it. Sometimes they were not able
to solve the exercise, while other times they solved it only after the deadline,
asking for suggestions or explanations during the next lesson or by e-mail (Q2).
Students grasped the spirit of the challenge. 48% of them submitted at least half
of the proposed exercises. We were surprised that several students submitted
their solutions shortly after midnight, obviously waiting awake for the opening
of the challenge (Q3). The Christmas scenario and the logic of gamification
certainly played a crucial role. But we also think that students understood the
underlying seriousness of the activity and its value in improving their math
proficiency and benefit from distributing learning and practicing over time. The
Advent Calendar had a positive impact on the final exam: students involved in
the project passed it in the first available session with a success rate 15% higher
than the class rate. The medium mark was 27.5/30 (Q4).

4 Conclusions

In calculus courses, students generally experience a decline in interest and par-
ticipation, probably due both to disa↵ection and to the growing complexity of
the new subjects. Since calculus courses are cumulative and require an active
learning approach, it is very important to find strategies that keep students in-
volved. In this framework, the Advent Calendar activity provided an e↵ective
review tool, encouraging students to spread out study time across a su�ciently
long period of time and to develop their problem solving strategies. The suc-
cess of the activity can be quite surprising in an academic mathematics course,
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where students usually just struggle to pass the exam. However, in this case
students turned out to be very open minded and confident in their teachers, and
the activity was very useful to play down the subject, to revise previous topics
throughout the daily assignments, and to bring students to a satisfactory level
of understanding. This positive attitude suggests that these kind of alternative
teaching strategies are welcomed by students and deserve to be proposed again
in the coming years, regardless of the online, blended or face-to-face learning.
But that’s not all. The activity can be replicated for di↵erent subjects and at
di↵erent moments of the year, allowing a very e↵ective review experience before
the final exam. There are a number of scenarios into which exercises can be
deployed in order to defuse the topics, enhance active participation and provide
an unexpected creative side even to apparently hard subjects.
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