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Many’s the time I’ve been stuck in the middle of the stream.
... Which only means that mathematics will never be over and
done with. And a good thing too: there will always be plenty to
keep us busy.
(The Number Devil in The Number Devil: A Mathematical Adventure writ-
ten by H. M. Enzensberger)
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Introduction

We all know that we can learn something with different intensities.
We can all, from personal experience, distinguish the difference between a
concept learnt superficially and one that is reworked more often and learned
more deeply. We can see this distinction especially if we think about the
school experience where it is usual for those dealing with a subject they
do not like, to learn by heart what is necessary to face a test and then
actually forget what they have learnt.
For a predominantly notionistic subject such as mathematics, this dynamic
is strongly present. Therefore, in the perspective of improving students’
learning, experimenting with new educational methods can be a valid
means to improve students’ school experience.
In this thesis, the investigated method is aimed precisely at avoiding mnemonic
learning done in a superficial manner: in fact, it is proposed the use of for-
mularies during the written tests combined with the use of more speculative
exercises, called “challenging tasks” to consolidate the students’ knowledge
in a different manner. In addition to the didactic side, this thesis also fo-
cuses on the psychological dimension of learning mathematics, in particular
on the anxiety that this subject evokes in students and how it may vary
with the introduction of a new method.
In the first chapter of the thesis, we will fully illustrate how memory works,
introduce the concept of math anxiety and how it affects students, and ex-
plain what challenging tasks consist of and how they can be introduced
into the classroom.
After providing the right theoretical foundations in the first chapter, the
second chapter introduces the study carried out, explains its purpose and
presents the data analysis performed.
The results obtained are discussed in the third and final chapter, together
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INTRODUCTION

with a discussion on the limitations found in the research.
Summarised in a few lines, the study investigated variations in performance
and levels of math anxiety in classes adopting the use of formularies.
In short, the study found a slight drop in assessment anxiety levels in
classes that newly adopted the formularies and a general drop in perfor-
mance in classes adopting this methodology, mainly due to the failure to
memorise formulas.
Although the study did not produce the expected results, it opened up
numerous hints for future research, emphasising once again that research
in education is an active area of study that can and should involve students
from different disciplines.
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Chapter 1

Theoretical background

In this first chapter, we will provide an overview of the concepts that will
help us to fully understand the research. We will explain quickly but
effectively how our memory is structured and the processes that involve
it. We will introduce the concept of “Math anxiety” and its effects on
learning. Finally, we will present “challenging tasks” and how their use
can influence pupils’ performance and learning.

1.1 Memory: how it is articulated and how it works

Recalling the date of a friend’s birthday, performing the right movements
in order to stay balanced on a bicycle, tackling a test or an exam that
requires knowledge of numerous notions: all these and many more are ac-
tivities that we can perform thanks to our memory .
The act of memorising is based, according to psychologists, on three dis-
tinct processes: the encoding through which we obtain an initial recording
of information, the storage that allows us to store this information which
we are able to reuse thanks to the last process, the retrieval [8].
For a deeper understanding of how this processes works and what kind of
information is processed in each of them, Atkinson and Shiffrin proposed
the three-system memory theory . According to this theory, there
are three different processes in which information is processed: sensory
memory , short-term memory and long-term memory [8].
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CHAPTER 1. THEORETICAL BACKGROUND

Sensory memory

In the instant we are exposed to a stimulus, it is immediately recorded
in the sensory memory. This information is recorded with a high degree
of accuracy at the expense, however, of a very short duration: in fact,
depending on the nature of the stimulus, this recording only lasts a few
seconds and if the information is not moved to short-term memory then it
is forgotten.
Given the varied nature of the stimuli it is more correct to speak of different
sensory memories each associated with a different sense: for example for
visual stimuli we speak of iconic memory while for auditory stimuli of
echoic memory [8].
In a nutshell, this type of memory functions as a snapshot in which all
the information from the various senses is present and this snapshot is
immediately replaced by a new one unless it is moved to another type of
memory.

Short-term memory and working memory

Given the ‘raw’ nature contained in the accurate snapshots provided to
us by sensory memory, stimuli need to be processed in order to become
meaningful and reusable by our mind.
In the first place, such processing is carried out in the short-term memory
through processes that are not yet well understood and for which there are
various hypotheses. What we do know is that the final result is a more
elaborated piece of information, and more usable by our mind, that sur-
vives for a longer period than sensory memory (most psychologists speak
of 15-25 seconds before the information is forgotten) at the cost of having
a less precise representation of the stimulus.
Short-term memory has a capacity limited to about seven items called
‘chunks’ which we can define as a group of stimuli grouped together in a
meaningful way: it can be a picture, a word or a sequence of numbers.
Better organised stimuli are remembered more efficiently: a group of 21
random letters is more difficult to remember than the same letters arranged
in seven groups of three letters each where in the latter case every group
would represent a single chunk of information rather than three separate
ones.
Short-term memory is not only the place where memories are processed
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and sent into long-term memory, but it also has a more active task that
can involve new stimuli and old memories in processing new thoughts: in
this case we speak of this in terms of working memory.
Working memory keeps information in an active, ready-to-use state and
reprocesses it according to new stimuli or memories brought back to mind.
We can give an explanatory example by thinking of when we perform mul-
tiplication in our minds: in unison we handle the new stimulus (the new
calculation to be done) and already established memories (the multipli-
cation tables) to produce provisional results that need to be added up to
obtain the final result.
An increase in usage of working memory correlates with an increase in us-
age of cognitive resources and a consequent reduction in awareness of our
surroundings. We will also see in the next section how stress can negatively
impact our working memory.

Long-term memory

Once thoughts have been processed in short-term memory, it is possible for
them to move into the long-term memory. There are several experimental
trials confirming a clear division between short-term and long-term mem-
ory: one of these involved brain-damaged patients who could no longer
recall new information obtained after the damage but were able to recall
memories prior to the damage.[8]
Long-term memory is often divided and distinguished into procedural mem-
ory (or non-declarative memory) which includes ‘how’ we perform actions
and all the movements involved in performing them and declarative memory
which contains factual information. Declarative memory itself is divided
into semantic memory and episodic memory : the first one contains our
knowledge and the logic that allows us to give further inferences about
that knowledge while the second one concerns the events we experienced
at a given time and place.
But how can information be transferred from short-term to long-term mem-
ory? The transfer is mainly based on rehearsal : through repetition the in-
formation is consolidated. However, a simple repetition may not be enough:
in these cases we speak of elaborative rehearsal that is a repetition that
includes a better organisation of the information, whether or not it is a
logical link to other memories or conversion into an image or any other
medium. These organisational strategies for better memorising informa-
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CHAPTER 1. THEORETICAL BACKGROUND

tion are called mnemonics.
Thus the information arrived in long-term memory is not only ‘stacked’
together with our other memories but also forms connections with them
on the basis of common characteristics.
For example, let us think of any object present in a class as, for instance,
a chalk: the information of the chalk will be connected to all the objects
present in a classroom by the simple fact that they share a common space.
Or we can link the chalk to all white objects or all tools used for writing.
In this way, we create networks of information that are interconnected by
common characteristics: those networks are called semantic networks.

How we remember and why we forget

After having succeeded in transferring a piece of information into long-term
memory, it is essential to be able to reuse it when we need it most: this
ability is called retrieval . More precisely, we speak of recall when we
need to retrieve information from our mind and of recognition when we
need to recognise information already stored from a group of several pieces
of information.
Sometimes, however, some memories are difficult to retrieve and in order
to do so we need an external stimulus that acts as an aid and that in the
literature is called retrieval clue : it can be a word, a sound or any other
type of stimulus that allows us to retrieve the right memory from the dense
archive of information within our mind.
The levels of processing theory has been proposed to describe the dif-
ferent intensities with which we can remember something. This theory
emphasises how differences in the initial processing of a stimulus directly
determine our ability to remember it: higher processing corresponds to
greater ease of recall.
Starting at a low level of processing, information is not remembered except
for its sensory impressions, whereas as we gradually increase the level of
processing we begin to abstract these sensory impressions and make sense
of them until we reach a maximum level of processing where we are able
to fully comprehend the information in a meaningful way and place it in a
larger context in which we will find easier to remember it.
In short, the greater is our knowledge of a piece of information, the greater
will be both its retention in memory and our ability to remember it.
A further confirmation of this implication is provided by a study [6] in
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which three different experiments confirmed the role of working memory
consolidation for a better long-term memorisation.

Figure 1.1: Scheme of the two phases of the first experiment in [6]

In the first of these experiments, participants had to perform in the first
phase a simple recognition task: given one word in the centre and four
others in the corners of the screen, they had to point to the corner with
the same word as the centre of the screen.
This first task was proposed in two different ways in the two groups of
participants: one group was shown the word to be recognised one and a
half seconds before the other words were shown, while another group was
shown all the words on the screen at the same time. Following this first
task and a short break, both groups were given a task in which they had
to remember whether or not the words on the screen were presented in the
previous task. The first group in which the stimulus of the word was con-
solidated for a longer time in working memory because was shown before
the other words showed better abilities to remember the words previously
encountered in the subsequent test.
Initial processing is also important when such information is forgotten: in
fact, a simple error in initial encoding, induced by distraction or other fac-
tors, causes a faulty processing that produces less clear memory that tends
to be forgotten more easily.
Other factors that contribute to forgetting information are its degrada-
tion , which is inversely proportional to how many times we recall this
information, and the interference with other information that we distin-
guish in proactive interference and retroactive interference depending on
whether the disturbing information was learnt before or after the disturbed
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CHAPTER 1. THEORETICAL BACKGROUND

one.
In other cases it may happen that we do not directly forget information
but the possible retrieval clues that allowed us to regain it, in this case we
speak of cue-depending forgetting.

1.2 Math Anxiety

You are in the classroom, a new lesson begins, the teacher enters and starts
talking about a new topic. Their way of explaining is calm and does not
differ too much from the other teachers’ method, yet you begin to feel
uneasy. Your performance in their subject is as good as the rest of the
other subjects, yet you are not completely at ease. The fact that they is
explaining something new and that the blackboard is filled with formulas
and symbols that you had never seen before, and the thought of having
to learn to use them in the near future, probably in a test, does not make
you feel comfortable. The only problem would seem to lie in the subject
explained: mathematics.
In 1972, Richardson and Suinn defined Math Anxiety as something which
“involves feelings of tension and anxiety that interfere with the manipula-
tion of numbers and the solving of mathematical problems in a wide variety
of ordinary life and academic situations” [14].
But how much does this problem affect the population? Various studies
aimed at providing an estimate give different results probably due to the
variety of ages and populations involved in them; however, even the lowest
estimates speak of a percentage between 15 and 20 per cent of the popula-
tion experiencing a high rate of mathematics anxiety [7] thus highlighting
the importance of fully understanding the phenomenon in order to try to
solve it.
First of all, it should be specified that the construct of Math Anxiety,
although sharing with it many aspects, is to be considered a separate con-
struct from general anxiety: various studies have shown that there are
positive correlations between general anxiety and Math Anxiety but have
also shown much higher positive correlations between the various ques-
tionnaires used to measure Math Anxiety [7] highlighting the common but
separate nature of the two constructs. Thus, Math Anxiety is to be consid-
ered different from general anxiety for the fact that ‘prefers’ a single group
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of related activities, in this case the manipulation of numbers, symbols and
mathematical formulae.
The existence of various forms of anxiety localised to individual activi-
ties or subjects, such as reading anxiety, is also based on this distinction.
However, despite the existence of various forms of localised anxiety, a 2012
study showed that mathematics anxiety manifests itself on average more
severely than its counterparts in other subjects [12].

How to measure Math Anxiety: MARS e AMAS

In order to measure something as subjective as anxiety, we need instru-
ments that convert efficiently our feelings into concrete measurements.
Psychometrics comes to our aid, providing us with the means to imple-
ment these measurements.
In 1972, Richardson and Suinn constructed the first questionnaire for mea-
suring maths anxiety: the Math Anxiety Rating Scale (MARS) [14]. The
MARS questionnaire consists of 98 items in which are described various
situations involving the use of mathematical instruments to be rated on
a scale from 1 to 5 where a higher value corresponds to a higher level of
anxiety.
Higher scores are correlated with higher levels of Math Anxiety. The ques-
tionnaire has a test-retest reliability coefficient1 of 0.85 and an internal
consistency reliability coefficient2 of 0.95: these values indicate not only
that the questionnaire is reliable but also that the measurements of the
various items are potentially influenced by a single factor, which is proba-
bly Math Anxiety [14].
However, despite its high reliability as confirmed by further studies, the
MARS has some limitation: the huge amount of items included in the
questionnaire make it too long and therefore difficult to administer both
in terms of timing and in terms of amount of data to be processed.
In this regard, alternative and abbreviated versions of the MARS were sub-
sequently proposed, including the MAS (Mathematics Anxiety Scale) by

1The test-retest reliability coefficient is a value between 0 and 1 used to calculate the reliability of an
instrument by repeated testing under the same conditions: the closer this value is to 1, the more reliable
the instrument and the resulting measurement. Usually, tests and questionnaires that have a reliability
coefficient of at least 0.8 are considered acceptable.

2The internal consistency reliability coefficient is a value between −∞ and 1 that indicates the homo-
geneity in the measurements of the various items in a questionnaire. The higher the value, the more the
items in a questionnaire are correlated with each other and possibly influenced by a single factor.
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CHAPTER 1. THEORETICAL BACKGROUND

Fennema and Sherman in 1976, the ATMS (Anxiety Toward Mathematics
Scale) by Sandman in 1980, the MARS-R (Math Anxiety Rating Scale -
Revised) by Plake and Parker in 1982 and the sMARS (Abbreviated Math
Anxiety Rating Scale) by Alexander and Martray in 1989 [11].
A further development of the MARS-R resulted in the AMAS (Abbreviated
Math Anxiety Scale), which is the shortest questionnaire of all. Indeed, the
AMAS consists of only 9 items that require, as in the MARS, to evaluate
various situation on a scale from 1 to 5, where a higher value corresponds
to a greater degree of anxiety experienced. As the MARS, higher scores
on this questionnaire are correlated with a greater degree of experienced
Math Anxiety.
Within the AMAS questionnaire, as in the other reworkings of the MARS,
it is possible to divide the items into two subsets: the LMA (Learning Math
Anxiety) scale and the MEA (Math Evaluation Anxiety) scale, the former
aimed at highlighting anxiety related to the actual learning of mathemat-
ics while the latter to anxiety about mathematics-related performance.
Within the AMAS, the LMA and MEA subsets consist of 5 and 4 items,
respectively. A 2003 study by Hopko and colleagues [9], in order to show
the reliability of the AMAS questionnaire and its two subsets, calculated
not only very good test-retest reliability coefficients (AMAS: 0.85; LMA:
0.78; MEA: 0.83) but also excellent internal consistency reliability coeffi-
cients (AMAS: 0.90; LMA: 0.85; MEA: 0.88).
A further study by Primi and colleagues [11] not only provided an Italian
translation of the AMAS questionnaire but also extended the sample to
include high school students since all previous research had always studied
a sample made up of university students. Thus, using a sample of 215 high
school students, test-retest reliability coefficients were calculated that were
not only very high (AMAS: 0.86; LMA: 0.81; MEA: 0.80) but not too far
from the same values calculated on university students.
The research also involves a sample of university students, obtaining values
almost identical to those of Hopko’s 2003 study.

Gender and age differences and external influences

Among various studies, attention is also paid to possible gender differences
in the perception of Math Anxiety.
In fact, some recent studies have shown that in countries where there are
no differences in education between genders, performance does not change
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between genders, but there are differences in self-assessment and Math
Anxiety: girls tend to have higher values of Math Anxiety and a more
pessimistic self-assessment than boys.
However, even in other studies where students were provided with methods
to manage performance anxiety in general, it was seen that girls in contrast
to boys continued to show a correlation between maths anxiety and their
own performance. Various hypotheses have been put forward to explain
why this difference in perception exists, but studies have not yet shown
sufficient evidence to support one at the expense of the others.
One of these hypotheses assumes that this difference is simply a conse-
quence of an already confirmed higher level of anxiety experienced on aver-
age by women while another hypothesis attempts to explain this difference
as a consequence of gender stereotypes and stereotype threat.
The latter hypothesis supposes that people’s desire not to confirm a stereo-
type that is disadvantageous to them (in this case the stereotype that
women are less good at mathematics than men) increases the anxiety and
stress experienced precisely in assessments involving this stereotype.
Confirmation in favour of this hypothesis is presented in various studies
in which women presented greater levels of stress and consequent drops in
performance on the very tests where the intention to investigate this stereo-
type was made explicit. In these same studies, these increases in anxiety
did not occur if the stereotype was not presented or if it was presented with
due explanations concerning stereotype threat and its influence on anxiety
and performance [7].
Other studies, on the other hand, attempt to identify differences in the
perception of Math Anxiety with varying age. In these cases, studies show
that maths anxiety increases with age, but again, there are various hy-
potheses that provide an explanation for this increase.
Among these reasons are: the excessive abstraction and difficulty present
in mathematics with advancing age, a stereotypical belief that overesti-
mates the difficulty of the subject and also a positive correlation with an
increase in the required capacity of working memory.
However, some researchers highlight a lack of research aimed at younger
students and therefore suggest a greater involvement of pupils in the early
years of school in the research landscape.
For example, Szczygiel and Pieronkiewicz in a study from 2021 [20] investi-
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CHAPTER 1. THEORETICAL BACKGROUND

gated the presence and possible causes of maths anxiety in a sample of 369
children aged around 7 years. In this research, a modified version of the
AMAS questionnaire adapted for primary school children was used, admin-
istered at the beginning, middle and end of the school year. In addition to
the questionnaire, a qualitative individual interview was also carried out
to investigate the reasons that triggered anxiety in the children.
The results of the research showed a concordance with the hypothesis that
at the beginning of the course the students experience very little if any anx-
iety, except for a few statistically insignificant cases, but they also noted
a slight increase in these measurements with regard to assessment-related
anxiety.
Even more interesting were the results of the individual interviews in which
more than half of the children cited fear of failure as a reason for Math
Anxiety. Other reasons presented by the children, but less frequently, were
fear of bad grades (a reason that tripled in frequency over the course of
the year to become the second main reason reported at the end of the year
with 39 per cent) and fear associated with the very nature of mathematics
(on average 23 per cent).
A group of research, on the other hand, has looked for possible causes
external to the individual subject and dependent on figures close to them
such as parents or teachers themselves.
In investigating the role of parental influence there is, for example, the
2015 research by Soni and Kumari [16]. This study used measurements
of levels of Math Anxiety and levels of attitude and performance towards
mathematics taken on a sample of 596 children from various primary and
secondary schools and one parent per pupil. The questionnaires used to
measure anxiety were all modified versions of the MARS adapted for pri-
mary school students or adolescent students and an abbreviated version
for parents (MARS-E, MARS-A, MARS-SV respectively).
The study showed a positive correlation between the values measured in
the students with that in their parents, confirming the influence they have
on both anxiety and positive attitudes towards mathematics in their chil-
dren. One of the limitations of the latter study was that it involved only
one parent instead of both, cutting out any considerations of gender dif-
ferences. Such observations were made in a 2020 study by Szczygiel [19].
In this research similar to the previous one, the anxiety and attitude levels
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towards mathematics of 241 students in the early years of primary school
and their parents who agreed to participate (176 mothers and 51 fathers)
were measured.
The results of this study differ from those of the previous studies: in fact, a
positive correlation between parents’ and children’s Math Anxiety was not
found except in the case of fathers in the first and third years of primary
school.
This irregular pattern (probably due to the low number of participating
fathers) suggests, according to the researcher, that parental influence is
not as direct as assumed and that therefore parent-child relationships in
the influence of anxiety should be further investigated in the future.
The same study also researched the role of Math Anxiety in teachers and
its possible influence on students. In agreement with the data collected in
previous research, no correlation was found between the two factors.
The only studies that show any influence on students given by teachers
show a tenuous negative correlation between teachers’ Math Anxiety and
pupils’ performance [13] and a negative correlation between the Math Anx-
iety experienced by some teachers and the performance of female pupils
only [2].
The latest study proposes as an explanation for this correlation the possible
influence of anxiety related to gender stereotypes from teachers to pupils.
In support of this, the data collected in the study also show that students
displaying internalised agreement with gender stereotypes tend to perform
lower in mathematics.
In summary, this last group of research shows that the question of adult
influences on children with regard to Math Anxiety is still an area that
needs to be investigated in depth.

How to deal with Math Anxiety

Having now established the problem of maths anxiety and its deleterious
effects on pupils’ self-efficacy and performance, we can only wonder if there
are ways to manage it and diminish its negative influences.
Recently, one approach is to use cognitive reappraisal of the causes that
trigger Math Anxiety by breaking the vicious cycle in which Math Anxiety
induces stress and performance declines that induce higher levels of anxi-
ety. In some research, this reassessment was done using expressive writing
techniques that allowed people to remember and put on paper the occa-
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sions when anxiety occurred [7].
However, these techniques were found to have a positive impact almost
only on subjects with high levels of Math Anxiety, especially in tasks that
required high capacities for working memory, and were therefore not a
wide-ranging solution.
Another attempt was made with cognitive tutoring: in a research [18],
they examined the effects of an eight-week one-to-one mathematical tu-
toring course. This research showed that thanks to this course, students
developed a more positive attitude towards mathematics and there were
decreases in the levels of Math Anxiety in both high and low-anxiety stu-
dents.
Still in its beginnings is research proposing the use of non-invasive brain
stimuli such as transcranial electrical stimulation as a potential treatment[7].
Given the premature nature of much research and the few results obtained
from it, one wonders whether an ad hoc solution to the problem of Math
Anxiety can be found sooner or later, probably not a one-size-fits-all so-
lution, but with cautious optimism, while the research continues, one can
however start by changing the classroom context, as Blyth suggests in his
article [3].
Creating a safe environment in the classroom where students do not feel
judged, where mistakes before being mistakes are cues for learning, where
there is proper education on emotions and their control, and where the
teacher encourages the spirit of cooperation and stimulates the pupils’ de-
sire to learn is a first step to simplify the educational journey of many
students and to make Math Anxiety a more manageable problem.

1.3 Challenging tasks

Let’s start with a question: what is a challenging task?
A trivial answer could simply be to define a challenging task as a task that
is more difficult to perform than others proposed, but in a school context,
we can give a more in-depth definition: a challenging task is in fact a more
complex exercise that has the task of involving students by presenting mul-
tiple levels of difficulty and allowing the formation of connections between
mathematical topics.
This type of exercise aims to better involve students and also to encourage
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group activity, and to do so it also makes use of enabling prompts and
extending prompts : the first one allow students who would otherwise
get stuck while carrying out the exercise to move forward while the sec-
ond one allow those who finish the exercise early to reflect further on it
and thus expand the set of connections and tools useful for solving similar
exercises [5].

Some example

Due to the nature of challenging tasks, it is easier to deeply investigate less
complex mathematical concepts, presented especially in the early school
years.
An example proposed in [15] aimed precisely at primary school students
proposed the tasks in Figure 1.2 to investigate not only how we count but
also to make students understand how counting more or less ordered ob-
jects is different.

Figure 1.2: Picture taken from [15]: both of the tasks focus on counting certain objects
(in the first one flies on a wall, in the second one sprinklers on a donut) and how the
arrangement of them affects the ease of counting

Speaking instead of 11-12 years students, Papadopoulos in a 2019 study
[10] presents an activity to accompany students in the transition between
arithmetic and algebra and to analyse what are the relationships between
quantities that are also not presented explicitly.
For this purpose, it uses mobile puzzles, i.e. collections of objects balanced
on hanging scales in which equal shapes correspond to equal weights. The
aim of the initial exercise is to identify the weights of the individual shapes
once the total weight on the scales or of a single shape has been given,
as we can see in Figure 1.3. The activity continues by delving into the
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Figure 1.3: Picture taken from [10]: the mobile puzzles consist of different scales where
are hanged different shapes

Figure 1.4: Picture taken from [22]: an example of task used for the study. In three
points the student investigates the number of intersection of parabolas with the main axis

use of moving puzzles and investigating how balances change by moving
pieces or adding different scales together. In these questions, students are
also constantly asked why they gave their answers and how they arrived at
them, thus making them focus more on the reasoning done rather than the
result itself. As a final request, students are asked to construct their own
mobile puzzle, allowing them to creatively apply the knowledge acquired
during the activity [10].
Moving on to the early years of secondary school, in an article Wilkie
instead presents an activity aimed at a more complete understanding of
quadratic functions [22]. The article investigates not only the results but
also the students’ reactions to the proposed activity.
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The activity in Figure 1.4 consists of a guided exercise that initially asks
students to give several examples of parabolas with different numbers of
intersections with the X-axis. The students are then asked to reason about
the differences between the three types of parabolas identified earlier, with
the aim of making them understand the relationship between the discrimi-
nant of a quadratic function and the number of intersections of the parabola
with the X-axis. Having reached this point, we are asked to use the knowl-
edge acquired in the first two points to solve a similar problem on a given
quadratic function. The study also provides alternative versions of the ex-
ercise in 1.4.
Let us conclude with students in their final years of pre-academic stud-
ies: the concept of proof is constantly presented to students in schools
whose curriculum requires it, and they are often only required to learn
the demonstrations presented and to familiarise themselves with the for-
mal mathematical language, yet they are often not allowed to explore the
topic freely by the students for obvious reasons of time and for the veiled
fear that if asked to demonstrate even a simple thing, the answer would
just be a bunch of blank sheets of paper, except for those handed in by
high-achieving students.
One school environment where demonstration is explored and tackled is
the mathematical olympiads, but the competitiveness may not put all stu-
dents at ease. We should therefore propose a middle way where without
the tension due to competition and by providing the right tools and possi-
bly guiding the student through some of the more delicate steps we open
ourselves to a multitude of possible demonstration exercises.
This type of exercise is also sometimes presented in the Italian Maturity
Examination, as we can see in Figure 1.5 in one of the problems proposed
in the second test for ordinary high-school science proposed in the 2017-
2018 school year.
Now, unlike the exercises previously shown, this exercise lacks any inter-
mediate steps as it poses the question by showing only an example and
without giving any clue as to any theorems to be used or useful relations
to be found. However, this last exercise more than as an example can be
useful as a start together with the exercises proposed in the mathematical
olympiads for constructing challenging tasks aimed at final year students.
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Figure 1.5: Picture taken from MIUR’s archive. The exercise was proposed in the
exams for scientific high schools in the school year 2018/2019. 4

Doubts and potentials

When a new type of exercise is proposed, it is natural that doubts arise
regarding its use. We present the main doubts about challenging tasks by
re-proposing the ones described in the article by Russo and colleagues [15]
where they collected at the beginning of the school year through various
focus groups the opinions of 102 primary school teachers about the use of
challenging tasks in the classroom and then through a follow-up meeting
at the end of the school year they also collected any comments or solutions
to the problems and doubts they had found.
The first doubt is about the spontaneous assumption that more compli-
cated exercises are only suitable for high-achieving pupils, thus neglecting
the rest of the students.
Through meetings, the most useful answer to this doubt is to change one’s
mindset and have no preconceived notions about the abilities of high and

4Site: https://www.istruzione.it/esame di stato/201718/Licei.htm
Translation by me: A point is highlighted in the figure N ∈ Γ1 and a section of the graph Γ1. The line
normal to Γ1 at N (i.e. the perpendicular to the tangent line to Γ1 in that point) passes through the
origin of the axes O. Graph Γ1 has three points with this property. Prove, more generally, that the graph
of any polynomial of degree n > 0 cannot possess more than 2n− 1 points where the line normal to the
graph passes through the origin.
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low performing pupils, as this can only cause damage.
This change of mindset is supported both by the individual experiences
of some teachers who have noticed an improvement in all students in the
classroom, and by Zohar and Dori’s 2003 study [23].
In this research, four studies in four different schools the use of more de-
manding requirements in science-related exercises was examined. All four
studies presented similar results showing that more demanding exercises
improved the performance of all pupils, thus showing that more demanding
exercises are beneficial to all types of student. The study tends to point
out that this type of exercise does not aim to close the gap between low
and high-achieving pupils but to improve all students overall.
The second doubt, however, concerns the right age at which to start using
challenging tasks, as using them in the very early years might seem inad-
visable due to the fact that some pupils in the first year of school present
themselves with little or no acquired knowledge.
Comparing various classes in which teachers started using challenging tasks
at different times during the school year, it was noted that caution in pre-
senting pupils with challenging tasks was unnecessary as more exposure to
this type of task allows students to get used to it earlier.
In addition, mistakes or misunderstandings by students who are not yet
ready to tackle such tasks provide excellent teaching cues as incorrect tasks
can be repeated later, allowing those who made mistakes to perform the
exercise correctly and those who had solved the task on the first attempt
to revise.
The third doubt exposes the problem of the lack of involvement and at-
tention that students might show when faced with a challenging task. The
proposed solution is to also use the normal techniques for increasing pupil
involvement in challenging tasks in any type of classroom: in the case of
primary school students, such techniques include storytelling or the use of
pupils’ names in problems.
The fourth and final doubt concerns how and when to use the enabling
prompts: in addition to having doubts about how long to wait before pro-
viding such suggestions, many teachers also questioned whether such aids
should not be provided directly to the pupils so as to empower them.
To this problem during the final follow-up meeting, the proposed solution
is to provide the enabling prompts to the students right from the start by
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advising them when it is appropriate to use them: doing so not only avoids
the root of the problem of when to provide these aids but also helps the
students to take responsibility and learn based on their own experience of
what their actual capabilities are.
Summing it all up in a few lines, we can see that the formulation and use
of challenging tasks in the classroom is not an easy task, but with a dif-
ferent didactic approach, aimed more at mastering the tools provided and
respecting individual learning times, they prove to be a useful and fruitful
teaching tool.
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Chapter 2

The present study

In this chapter, we will outline the experimental study carried out for this
thesis and deeply describe every aspect of it.
We will start by presenting the activities carried out for the research and
then present the hypotheses that this study investigates and the analysis
of the data collected to verify these hypotheses

2.1 Development of the research

The activities described here took place in the first half of the 2023/2024
school year. Shortly before the beginning of school activities, teachers were
recruited to take part in the project.
This proposal was aimed at mathematics teachers in secondary schools, in
this case teachers from scientific high schools.
Three teachers took part in the project for a total of five sample classes:
two twelfth grade classes (4B and 4I) and one eleventh grade class (3E)
from the scientific high school Eugenio Curiel in Padua and two twelfth
grade classes (4D and 4E) from the scientific high school Giacomo Leop-
ardi in Recanati. All the students involved are therefore between 15 and
18 years old.
As the only variation in teaching activities, the use of formularies during
the written tests was proposed to the classes involved in order to reduce
the students’ mnemonic effort during these tests. With this variation, the
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classical tests that verify not only the ability to use formulas but also the
correct memorisation of them are inadequate.
In this regard, the teachers were introduced to the concept of challenging
tasks and this concept was proposed as a solutions for more appropriate
tests. Worth mentioning is the fact that classes 4B and 4I had already
applied this methodology in previous years with their teacher.
After agreeing on the activities with the teachers, a consent form was sent
to the parents of the pupils involved to authorise the collection and use of
the anonymous data. All parents authorised the collection of data for a
total of 102 students involved in the research.
Once the authorisations had been collected, during the first month of the
new school year, the AMAS questionnaire for secondary schools was given
to all participating classes for the first measurement of maths anxiety in
the sample. A total of 100 pupils participated in this first survey.
Given the status of classes in which the methodology did not in fact change
from the previous year, classes 4B and 4I were considered as a separate
sample from the other classes. During the first term the sample classes
therefore modified their written tests, which included the introduction of
formularies. In terms of the type of exercises to be proposed in the tests
and which formularies to provide, teachers were given complete freedom to
customise and adapt this new methodology with their own teaching style
and with the class.
At the end of the first term a common test was organised to check the
pupils’ knowledge. In addition to the five sample classes, three other
classes acting as control classes took part in this test: a twelfth grade
and a eleventh grade class from the scientific high school Eugenio Curiel
in Padua and a twelfth grade class from the scientific high school Giacomo
Leopardi in Recanati.
The tests, included in Appendix A, consisted of classical tests on topics
covered approximately at the beginning of the school year by all the classes
involved: for the eleventh grade classes, the test topic was straight lines
and linear equations, while for the twelfth grade classes, the test topic was
goniometric functions and goniometric equations and inequalities.
Since the aim of the final test is to test the students’ long-term consoli-
dated skills and knowledge, the topics of the tests was omitted from all
students, as well as being chosen among the topics covered in class no less
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than a month earlier. To avoid placing the pupils in a stressful condition
and considering the conditions of the test, the pupils were assured that the
test would not be used in the teachers’ evaluations.
A total of eight classes with 150 students participated in this test. The
common tests, carried out in the last week of January and the first week of
February 2024, were corrected by Dr. Meyer Alena Ramona, external to
the research, without giving her any information about which classes were
in the sample, all following the correction guidelines in Appendix A.
Shortly afterwards, in the first half of February, all classes in the sample
were administered the AMAS questionnaire again. The period of at least
three months that elapsed between the two administrations should be suf-
ficient for a correct measurement of any changes in pupils’ levels of maths
anxiety. A total of 100 pupils also participated in this second survey.
At the end of the activities carried out in class, the teachers of all classes
involved provided the students’ grades obtained during the first term.
All pupils’ data were collected anonymously and by using code to enable
the students’ grades to be linked with the test taken at the end of the first
term.

2.2 The purpose of the research

The main purpose of the experiment just described is to provide an initial
investigation into the use of formularies in schools.
The first hypothesis we will propose is that this method may have a posi-
tive impact with regard to maths anxiety.
For a student, knowing that he or she has an extra tool that avoids
mnemonic effort and getting used to the different types of exercises that
challenging tasks propose could bring control and lower levels of maths
anxiety, especially that experienced during tests.
To this purpose, we will see through the data collected via the AMAS
questionnaire whether such a decrease is present. Given the presence of
classes in which the use of the formularies had already been introduced a
year ago we will divide the sample classes into two groups and thus have
surveys of anxiety levels taken one year and one and a half years after the
adoption of the formularies.
Since the two groups are formed by different populations, the data col-
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lected will not provide us with a precise evolution of the trend in maths
anxiety, but it will give us an excellent overview on which to make theories
about this evolution. In addition to this we will investigate any gender
differences in the levels of anxiety detected and see if they are in line with
the differences already highlighted in the literature.
A further hypothesis that this research proposes is that the adoption of
this method may improve long-term memorisation of concepts and thus
contribute to better scholastic performance.
The use of formularies during more difficult and speculative exercises may
in fact constitute a better consolidation in working memory than simply
memorising formulas, especially in cases where students only memorise and
use them on the day before the test. As seen in [6] this better consolidation
would lead to better retrieval capacity in long-term memory.
Not anticipating the topic on the common test actually made it possible
to collect a snapshot of the students’ memorised knowledge.
In addition to this, if the decrease in anxiety levels were confirmed, this
would have a direct positive effect on student performance, as stated in [7].
Furthermore, the simple addition of the challenging tasks in the tests would
also bring benefits in terms of the student’s ability to adapt when faced
with a problem. The common test therefore aims to show a general picture
of the memorised skills of the classes and to see any differences between
the sample group and the control group.
In investigating the results of the test, it will be seen whether any dif-
ferences occur in all pupils or only in those with a particular school per-
formance. Furthermore, given the nature of the sample divided into two
schools, we will see if any regional differences arise.
In summary, the objectives of the research are as follows:

• To investigate the anxiety levels of the two groups and to see if any
differences are present both between them and with data found in
the literature. To do so we will use the data collected through the
AMAS questionnaires.

• To investigate the performance of the pupils in the sample, focusing
on their ability to memorise long-term mathematical concepts. To
do this we will use the results of the common tests together with the
grades obtained by the students during the first term.
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2.3 Data analysis

In this section, we will give a complete and comprehensive exposition and
analysis of the data collected during the experiment.
The data obtained via the AMAS questionnaire and the data from the final
test and evaluations will be treated separately.
We will discuss the results while the conclusions will be treated in the next
chapter

AMAS questionnaire data

As mentioned previously, 100 students participated in both AMAS ques-
tionnaire administrations.
We shall call “Group A” the one formed by classes in which the use of
formularies had just been introduced while we shall call “Group B” the
one formed by classes in which such formularies had been in use for a year.
To distinguish the first from the second survey we will speak of “Group
A-1” and “Group A-2” and the same with the second group.
Excluding incorrectly completed questionnaires we thus have the following
groups (the fact that in some groups the number of males and females
does not equal the total is due to some who refrained from providing the
gender):

• Group A-1 composed of 56 students of which 26 were male and 27
female.

• Group A-2 composed of 57 students of which 28 were male and 28
female.

• Group B-1 composed of 39 students of which 19 were of the male
gender and 19 of the female gender.

• Group B-2 composed of 40 students of which 20 were of the male
gender and 20 of the female gender.

The scores obtained by each group are displayed in Table 2.1.
To compare the various groups with each other, we check whether the data
meet the normality condition using the Shapiro-Wilk test, which is suitable
for small samples.
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Score AMAS

Group N. students Mean Median S.D

Group A-1 Total
Male
Female

56
26
27

25.66
23.69
27.25

27
24.5
28

5.28
5.02
4.98

Group A-2 Total
Male
Female

57
28
28

24.85
23.67
26.17

26
24
27

5.36
5.17
5.38

Group B-1 Total
Male
Female

40
20
19

23.97
21.95
26

23.5
21
25

5.99
6.73
4.57

Group B-2 Total
Male
Female

40
20
20

26.6
23.9
29.3

26
25
30

6.7
5.15
7.09

Table 2.1: AMAS scores of both groups in the two surveys. For each group,
we also see the values separated by gender and calculate the mean, median
and standard deviation (S.D.).

These tests verified that only data from a few groups satisfied the normality
condition. Therefore, a non-parametric test such as the Wilcoxon test was
used to compare the groups.
An initial comparison can be made using the graph in 2.1. In particular, we
considered the comparison between group A-1 and group A-2 to identify
the hypothetical sudden drop in Maths Anxiety levels and compared them
to groups B-1 and B-2 respectively.
The p-values of the respective tests are as follows: between group A-1
and A-2 we have p=0.377; between group A-1 and B-1 we have p=0.088,
between group A-2 and B-2 we have p=0.269.
Since no test resulted in a p-value of less than 0.05, the null hypothesis
cannot be excluded, that is the hypothesis that there are no statistically
significant differences between the various groups. It should therefore be
emphasised that the average lowering of AMAS scores found in group A
is not statistically significant even when compared with the raising of the
same values in group B.
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Figure 2.1: Boxplot of the AMAS scores of the four groups: for each group,
both the median (the line) and the mean (the dot) are highlighted.

The same results were obtained by performing the Wilcoxon test between
the male and female subgroups in each group, thus obtaining p-values
greater than 0.05. The same tests showed for each group the difference
due to gender already identified in the literature.
In fact, Wilcoxon tests performed between the male and female subgroups
in each group show p-values less than 0.05: 0.01 for group A-1, 0.048 for
group A-2, 0.02 for group B-1 and 0.023 for group B-2.
As can be seen from Table 2.1, this relevant difference is disadvantageous
for female students, who on average have higher levels of Math Anxiety
than their peers.
Given the lack of relevant differences in the AMAS scores of the groups,
we focused on the EMA and LMA scores in case there were differences in
only one of the two subscales of the questionnaire.
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Score LMA

Group N. students Mean Median S.D

Group A-1 Total
Male
Female

56
26
27

10.94
10.19
11.48

11.5
10
12

3.37
3.39
3.13

Group A-2 Total
Male
Female

57
28
28

10.66
10.39
11

10
9.5
11

3.33
3.66
3.05

Group B-1 Total
Male
Female

40
20
19

9.45
8.75
10.26

8.5
8
10

3.27
3.4
3.1

Group B-2 Total
Male
Female

40
20
20

10.85
9.35
12.35

10
9.5
12.5

4.2
2.62
4.96

Table 2.2: LMA scores of of both groups in the two surveys. For each
group, we also see the values separated by gender and calculate the mean,
median and standard deviation.

Group A−1 Group A−2 Group B−1 Group B−2

5
10

15
20

S
co

re
 L

M
A

Figure 2.2: Boxplot of the LMA scores of the four groups: for each group,
both the median (the line) and the mean (the dot) are highlighted.
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Score EMA

Group N.Students Mean Median S.D.

Group A-1 Total
Male
Female

56
26
27

14.71
13.5
15.77

15
14
16

2.82
2.83
2.45

Group A-2 Total
Male
Female

57
28
28

14.19
13.28
15.17

15
12.5
15

2.95
2.66
2.99

Group B-1 Total
Male
Female

40
20
19

14.52
13.2
15.73

15
13
16

3.28
3.63
2.28

Group B-2 Total
Male
Female

40
20
20

15.75
14.57
16.95

16
15
17.5

2.89
2.78
2.45

Table 2.3: EMA scores of of both groups in the two surveys. For each
group, we also see the values separated by gender and calculate the mean,
median and standard deviation.

Group A−1 Group A−2 Group B−1 Group B−2

8
10

12
14

16
18

20

S
co

re
 E

M
A

Figure 2.3: Boxplot of the LMA scores of the four groups: for each group,
both the median (the line) and the mean (the dot) are highlighted.
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For these datasets, normality tests were carried out again and also in this
case, given the multiple samples that did not satisfy the normality hypoth-
esis, it was decided to use the Wilcoxon test to make the same comparisons.
Amongst all, only two tests reported a p-value less than 0.05: that of the
LMA scores between groups A-1 and B-1 (p= 0.024) and that of the EMA
scores between groups A-2 and B-2 (p= 0.012).
These differences are also evident from Figures 2.2 and 2.3 where the B-1
group in the first case and the A-2 group in the second differ from the
other groups.
Investigating more closely these two comparisons shows that in the first
case there are no gender-related differences whereas in the second case
the situation is different: the Wilcoxon test performed between the EMA
scores of the two subgroups divided by gender in fact show that the two
male groups are not statistically different (p= 0.116) while the two female
groups are statistically different (p= 0.027).
The female EMA scores are further illustrated in the following graph:
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Figure 2.4: EMA scores of the female subgroups: both the median (the
line) and the mean (the dot) are highlighted for each group.
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Common tests data

As mentioned above, the common tests involved 8 classes with a total of
150 pupils. Given the small number of pupils in grade 11, they will be
treated separately.
Each class was further divided into two groups: using the average of the
grades obtained in this term, it was possible to divide the pupils into high-
performing and low-performing pupils.
The average scores obtained in the tests of the various groups are shown
in the following table:

Group N.Students Mean S.D.

12th grade test Total
H. P.
L. P.

73
37
36

46.92%
56.58%
37%

18.33%
17.23%
13.65%

12th grade control Total
H. P.
L. P.

40
20
20

56.73%
68.46%
45%

18.78%
12.3%
16.83%

11th grade test Total
H. P.
L. P.

21
11
10

70.72%
76.26%
64.62%

18.7%
17.46%
18.97%

11th grade control Total
H. P.
L. P.

16
8
8

86.80%
88.42%
85.18%

7.94%
8.55%
7.47%

Table 2.4: Common test scores. Of each group, we see separate values for
high-performing (H.P.) and low-performing (L.P.) students. Of the scores,
in percentage form, we calculate the mean and standard deviation (S.D.).

For each group, the Shapiro-Wilk normality test was performed. These
tests showed that both test and control twelfth grade group satisfied the
normality test while there were different results for the eleventh grade
groups.
Therefore to compare the twelfth-grade groups we can use a parametric
test such as Student’s t-test while for the eleventh-grade classes we will
use Wilcoxon’s test. We will now focus on the twelfth-grade classes.
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The t-test between the two groups reports a p-value of 0.009 so the two
groups are statistically different and as can be seen from the table 2.4, the
control group obtained better scores on average.
Another interesting finding is that the t-tests performed between every
male and female subgroups do not show any statistically significant differ-
ences in performance.
Investigating further, differences can be seen in the tests performed on the
high- and low-performance subgroups. The p-values obtained show that
the low-performance groups are not statistically different (p= 0.07) while
the two high-performance groups are (p= 0.004).
Focusing the tests further on this group reveals, unlike the other groups pre-
viously involved, a difference due to gender: the two male high-performance
groups in fact show no statistically significant differences (p= 0.056) whereas
the two female groups do (p= 0.032).
Therefore, the differences are more pronounced in the high-performance
groups, showing a sharper difference in female students.
As an additional visualisation, the boxplots of the test and control group
and their high-performance subgroups are shown below.
Concerning the two eleventh-grade classes involved, the data are similar:
in fact, the two groups show a statistically significant difference (p= 0.002)
again in favor of the control class. In this case too, no gender differences
related to performance were shown in these two classes.
Dividing the classes into the two high and low performance groups shows
a different result from that obtained in the twelfth grade classes: the two
high performance groups in fact are not statistically different (p= 0.06)
while the two low performance groups are (p= 0.008).
Given the low number of students, it was not considered useful to investi-
gate gender differences within the subgroups.
However, the data related to the differences between the high and low
performing groups in these two classes will be considered to be ignored
both because of the numerical gap between these classes and the sam-
ple of twelfth grade classes and because in both classes students with an
educational debt in mathematics could not participate in the test for or-
ganizational reasons, as they were engaged in a recovery test.
Therefore, from the case study consisting of the two eleventh grade classes
we can still see how in general the control classes performed better than
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the test one.
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Figure 2.5: Twelfth
grade scores: the me-
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Figure 2.6: Scores
of the two high-
performing groups in
the twelfth grades: the
median (the line) and
the mean (the dot)
for both the test and
control groups were
highlighted

Brief qualitative analysis of common tests

Since we did not use a standardized test to verify students’ memorized
knowledge, a qualitative analysis done by focusing on individual exercises
is useful for further investigation about students’ performance.
In fact, some exercises were designed specifically to test whether knowledge
of a specific mathematical formula was present or not: in fact, in the case of
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the test for eleventh graders, exercise 4 required knowledge of the formula
for point-line distance, while in the test for twelfth graders, the second and
third questions in exercise 2 required knowledge of the duplication formula
and the prostapheresis formula, respectively.
In both cases, the average scores obtained by the test groups are lower
compared to the control groups. In the case of the eleventh-grade classes,
out of the 3 points available in the exercise mentioned above, the average
score of the control group (2.37) is almost double that of the test group
(1.26).
For the twelfth-grade classes, where the number of formulas to learn was
higher, the difference is even more pronounced: out of 8 points available
in the exercises mentioned above, the average score of the control group
(3.27) is almost two and a half times that of the test group (1.36).
It’s worth mentioning that several students, especially those belonging to
the test classes, recognized the formula to use in the specific exercise but
reported not remembering it either by writing it directly on the papers or
mentioning it verbally during the common tests.
Therefore, it can be assumed that the lack of explicit request for memo-
rization of formulas in the tests taken during the term negatively affected
effective memorization.
Another type of exercises were aimed instead at testing students’ ability
to solve exercises that required more reasoning.
In the case of the test for the eleventh-grade classes, we are referring to
exercises 5 and 6, while in the test for the twelfth-grade classes, we are
talking about exercise 4.
For the eleventh-grade classes, out of 7 points available in the mentioned
exercises, the average score of the control group (5.31) is higher compared
to the test group (3.54).
However, this difference is not observed among the twelfth-grade classes,
where out of 6 points available in the mentioned exercise, the average
score of the control class (2.27) is slightly lower than the average of the
test classes (2.52).
Considering the data from the 6 twelfth-grade classes to be more relevant
compared to the only 2 eleventh-grade classes involved, which therefore
constitute a too small sample, we can attempt to say that the adoption of
formulas and the addition of challenging tasks has not altered the students’
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reasoning abilities.
Therefore, considering the results confirmed by the data analysis per-
formed, we can venture the hypothesis that such a difference in perfor-
mance disadvantageous to the test group is mostly caused by the failure to
memorize the necessary formulas rather than in a difference more intrinsi-
cally related to the reasoning abilities of the pupils involved.
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Chapter 3

Concluding remarks

3.1 Research results

As already explained above, the research aims to provide an initial inves-
tigation into the use of formularies and how it affects students in terms of
both performance and levels of maths anxiety.
From the point of view of performance, the results do not coincide with
those expected: from the scores on the common tests, not only do we not
see better results among the students in the test group compared to those
in the control group, but we even see on average a decline that an addi-
tional qualitative analysis attributes to the non-use of the formulas that
had to be memorised.
A further interesting observation is how this decline mostly involves the
better half of the class: in this case we can assume that the non-utilisation
of the formulas is more or less unchanged in the low-performing students.
The slight gender-related difference found only in the scores of the latter
group can be attributed to the higher level of maths anxiety experienced
by girls on average.
Therefore, we can conclude that in the classroom context, the use of for-
mularies paired with more speculative exercises does not allow formulas
to be memorized in a more efficient manner than in a class that adopts a
classic methodology.
More articulate results appeared instead in the study of math anxiety lev-
els. The increase in EMA scores found during the second survey in the
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group that had adopted the forms in the year prior to the study, especially
when compared with the slight decline in the group that had just adopted
the forms, can be interpreted in two ways: a first hypothesis states that the
use of the forms may in the long run lead to an increase in math anxiety,
especially in the evaluation-related anxiety experienced by female students;
a second hypothesis, on the other hand, predicts that the trend in anxiety
levels detected in the group that had already been using the forms for a
year was normal and in line with normal fluctuations in anxiety levels ex-
perienced by a class.
In support of the latter hypothesis is the fact that the second survey was
carried out immediately after the end of the first term, a period known
to have a schedule full of tests and questions in which therefore it does
not seem unlikely to detect an increase in evaluation anxiety levels. Fur-
ther support for the second hypothesis is the fact that it is unlikely that
a newly adopted methodology would present a sudden deterioration after
a year and a half from its adoption. In summary, this second hypothesis
predicts that the adoption of the formularies after one year does not change
anxiety levels, especially evaluation anxiety which returns subject to the
normal fluctuations given by the school schedule.
The lack of change in anxiety levels detected in the group that had just
adopted the formularies would therefore be attributable to the “novelty”
factor that the adoption of a new methodology brings with it, especially if
this methodology directly changes the way written tests are carried out.
In order to confirm either of these two hypotheses, further research is there-
fore required, either one analysing the evolution over several years of the
levels of maths anxiety in a class that adopts the use of the forms or one
that tries to analyse any fluctuations in the levels of maths anxiety in a
sample of normal classes.
At the moment, as there is no similar research in the literature, we keep
the interpretation of the results open.

3.2 Research limits

The study presented here encountered several difficulties during its con-
duct.
The first obstacle encountered was the unwillingness of teachers to try a
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new methodology: in fact, among the mathematics teachers from three
different institutions only three agreed.
The Italian legislation regarding the use of formularies during the state
exams played a key role in shortening the time available for the study.
The classes involved in fact after the experiment have returned to the clas-
sical methodology or are in any case obliged to return to it within the next
few years since the state exam forbids the use of formularies . Therefore, it
is common for those adopting different methodologies to return to classical
teaching strategies at least a year before the state exam.
Therefore, the tight timeframe did not allow for long-term data collection
that could allow for a complete evolutionary framework.
However, another limitation of the research is the age of the students: being
students who between primary and secondary school have by now attended
at least 10 years of school adopting classical methodologies a change such
as the introduction of the formularies could be disadvantageous more be-
cause it is something anomalous in relation to the schooling already done
rather than an inherent flaw in the method.
Therefore, as suggested in [15] a good approach would be to introduce the
challenging tasks and the first simple formularies already among primary
school students. A further obstacle is the lack of some research in the liter-
ature that could give a full understanding especially of the role that math
anxiety may play in students at different stages of their schooling.
However, this last obstacle may be an opportunity as it provides many
insights for future researches, which are also possible thanks to the will-
ingness and help of teachers who are open to research, such as those who
collaborated in this study.
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Appendix A

In this appendix, a translated by me version of the common tests conducted
with the classes are attached. The evaluation guidelines are as follows:

Evaluation of common tests for eleventh-grade classes

• Exercise 1: 1 point for each correct answer (maximum 5 points)

• Exercise 2: 3 points for each equation (maximum 6 points) dis-
tributed as follows:

– 1 point if the step for the point in the plane is explained

– 1 point if the calculations to find the value of q are present

– 1 point if all calculations performed are correct

• Exercise 3: 3 points for each equation (maximum 6 points) dis-
tributed as follows:

– 1 point if there’s the idea of inserting the point into the line

– 1 point if correct calculations and considerations on the slope
are present

– 1 point if the calculations performed are correct

If the student provides only the correct equation, give 1 point.

• Exercise 4: 3 total points distributed as follows:

– 1 point if the equation of the line passing through the points is
present
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– 1 point if the correct formula for calculating the distance point-
line is present

– 1 point if the calculations performed are correct

• Exercise 5: 4 total points distributed as follows:

– 1 point if the idea of putting the lines in explicit form is shown

– 1 point if calculations equating the slope coefficients are present

– 1 point if considerations about the values to have intersecting
lines are present

– 1 point if the calculations performed are correct

• Exercise 6: 3 total points distributed as follows:

– 1 point if the system of the two lines is present

– 1 point if the idea of setting the ordinates equal to zero is present

– 1 point if the calculations performed are correct

Evaluation of common tests for twelfth-grade classes

• Exercise 1: 1 point for each correct answer (maximum 4 points)

• Exercise 2: 4 points for each equation (maximum 12 points) dis-
tributed as follows:

– 2 points for the correct use of trigonometric formulas and equa-
tion manipulation (for 2.a, the use of substitution and solving
the resulting equations; for 2.b, the use of the double-angle for-
mula and substitution; for 2.c, the use of the sum-to-product
formula and rearrangement useful for solving the equation)

– 1 point for the correct writing of the solution considering peri-
odicities

– 1 point if the calculations performed are correct

• Exercise 3: 3 points for each inequality (maximum 9 points) dis-
tributed as follows:
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– 1 point for the correct manipulation of the inequality

– 1 point for the correct representation of the solution’s periodicity

– 1 point if all calculations performed are correct

• Exercise 4: 3 points for each equation (maximum 6 points) dis-
tributed as follows:

– 2 points for graphs drawn correctly

– 1 point for the correct considerations made about the number
of solutions

At the discretion of the examiner, fractions of points may also be used for
intermediate evaluations.
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COMMON MATH TEST (Third classes)

1) Indicate whether the following statements are True (T) or False (F)

a) The two straight lines of equation y=3x+1 and y+3x-2=0  are parallel        ____

b) The distance between points A(6;6) and B(0;-2) is 10                                ____

c) The straight line parallel to the x-axis through point  A(6;6) has  

equation y=6                                                                                                ____

d) The straight line of equation y=4x-1 meet the y-axis in the

 point  A(0;1/4)                                                                                            ____

e) The two straight lines of equation y=-2x+3 and y=1/2x+1 are 

perpendicular                                                                                              ____

2) Write the equation of the straight lines passing through the given point A with

    the given angular coefficient m

• A(-1; 2)            m = 3     _____________________________________________

• A(4/3; 5/2)       m = -1    _____________________________________________

3) Given the stright line 2x+2y-1=0 write the equation of the perpendicular and the

   parallel straight lines passing through the point A(-4; -3). (write only the answer)

    Parallel straigth line: __________________________________________________

    Perpendicular straight line:______________________________________________

    

4) Calculate the distance of P(0; 6) from the straight line passing through points

    A(2; 3) and B(1/2; 1)

    Distance: _________________________________________________________

5) Discuss for which values of a the straight lines r: 2ax+2y-3=0 and s: (a-2)y-x+2=0

    are parallel or incident

    _______________________________________________________________

    _______________________________________________________________

6) Find for which value of k the straight lines of equations (k-1)x+2ky+6=0 and
    x-y+2=0 intersect on the x-axis
    _______________________________________________________________
    _______________________________________________________________

  

 CLASS: ____    GENDER:_____



COMMON MATHEMATICS TEST (Fourth Classes)

1) Indicate whether the following statements are True (T) or False (F)

a) sin(π + α) = sin(- α)                                                             ____

b) If cos(α)=cos(β) then we have  α = β                                  ____

c) Per ogni angolo α vale l’espressione sin(α)+cos(α) = 1      ____

d) L’equazione cos(α) = 2 non ha soluzione                            ____

2)  Solve the following equations

• 2sin2(x) + sin(x) = 0     ________________________________

• cos(2x) + 3cos(x) = 1   ________________________________

• sin(4x) + sin(6x) = cos(x) ______________________________

3) Solve the following disequations

•  2sin(x )+√(2)>0

• tan(x)−√3>0
• |cos(x )|<1

4) Use the graphical method to determine the number of solutions of the 

following equations.

• |sin(x)|−x2+1=0 _______________________________________

• √ x=tan( x
2
)       ________________________________________

CLASS____    GENDER____
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