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ABSTRACT

Mathematics is an essential branch for the scientific development
and its study is mandatory in most university degrees. However,
currently the level of academic performance and motivation of
students to learn this science is not the desired one. The students
can use different learning tools inside and outside the math
classroom, enhancing the quality of the learning materials that are
designed essentially to facilitate the learning of mathematics. The
present research project aims to determine the validity and
reliability of a measurement instrument that allows the
assessment of the satisfaction of the students with the available
learning materials. To fulfill the objectives of this research, the
method of survey was used. A study with a quantitative approach
was developed, which led to the design and validation of a
questionnaire by a group of 7 experts. The validation closed after
applying a pilot study with 728 students. It concluded positively,
obtaining nine factors that coincide with the revision of the
literature: technological quality, quality of content, visual quality,
didactic significance, adequacy of content, relationship between
theory and practice, involvement, contribution to learning,
relevance and interaction between educational actors. The results
of this questionnaire provide to the international scientific
community with relevant information for the design, selection,
and use of study materials in the classrooms, which will
contribute to raising the levels of student engagement, and their
academic performance in mathematics, secondarily.
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1 INTRODUCTION

Mathematics is vital for the training of professionals from various
branches. The number of students with lack of academic
achievement in mathematics is significant, for this reason it
should be propitiated, to engage them even more with their
studies [9].

The learning materials have contributed, through history, to
the teaching of mathematics, as an essential variable to enhance
student learning [35]. For this reason, many efforts have been
made by schools to guarantee the learning materials to their
students.

We can also look at learning materials based on the following
three time perspectives [15]:

e We can look at the learning material itself, as a text. Here, the
learning material is present as potential didactic potential:
that is to say, that we can see the potential in the learning
material that could help support the teacher’s teaching and
promote student learning.

e We can look at the learning material as a tool in use. Here, the
learning material acts as actualized didactic potential: that is,
we look at what actually happens when the teacher and
his/her students use the learning material as a tool in the
educational context.

e We can look at the effects, and how the use of a learning
material can make a difference to both, the students’ learning
and the teacher’s teaching. Here, what is being registered is
the learning aids realized didactic potential as an effect, which
becomes apparent over time.

In a baseline investigation [5], study materials are defined by
dividing them into three types:

e Functional learning materials (tools) characterized by their

facilitation of learning and teaching: including black and
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white boards, computer applications, projectors, and mobile
phones.

e Semantic learning materials (texts) characterized by their
meaning as constituted by signs and semantic references:
including film, literature, charts, pictures, paintings and
other texts and objects with references to specific domains
of experience.

e “Didacticized” learning materials characterized by
combining tools and texts and facilitating learning and
teaching: including textbooks, online teaching materials,
and educational games.

For the purpose of our research, the third type of study
material discussed above is assumed. The students use different
learning materials inside and outside the classroom, including
recommended textbooks, lecturer-developed coursebooks,
lecturer class notes and digital material, and other online
resources, even multimedia [25]. One of the most used learning
materials is the textbook, however, the study materials created by
the teacher are preferred by the students. Ensuring the quality of
the study materials that are designed is essential to enhance the
learning of mathematics.

Various variables are analyzed to assess the quality of the
study materials, including those associated with the design of
these materials.

Research results suggest [1, 20] that the graphic design of the
material, it colors, images structure, and its content influence the
quality of the study materials, which is also related to audiovisual
resources.

Other studies [13] establish that an essential element of a study
material to enable the learning of mathematics, should contain a
mathematical language understandable to the student; as result,
these materials should be beneficial to meet the student's learning
outcome.

Another research team establishes that mathematical
educational materials should encourage their postulates to be
exposed through comprehensible algorithms, according to the
cognitive capacity of the student in question [14. 29, 30].

Is important to emphasize that a relationship between theory
and practice is intrinsic, hence study materials should be able to
express it, guiding the teaching-learning process [19, 22].

Also, a recurring element in the investigations, is the use of the
technology in the study materials, related to the current era that
students live, being digital natives. There is a strong relationship
between the satisfaction of a student with the mathematics study
materials and the levels of interactivity and feedback that is
achieved [1, 3,9, 17, 32].

As a final theoretical analysis, the motivational variables
associated with the study materials should be highlighted. The
research expresses the crucial role of students’ motivation to
achieve proper academic performance, using adequate materials
to engage students [2, 6, 8. 10, 28].

In a research carried out at the University of Seville, it was
found that in order to engage students with their studies, activities
must be achieved with levels of relevance, involvement and
interaction, where the student appreciates the contribution of the
materials used in their learning process [11]. These elements
coincide with other studies carried out [2, 7, 16, 26].

For all of the above, it can be expressed that implementing a
pilot study in the area of mathematics teaching could contribute
to obtaining a consistent instrument with which to evaluate
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student satisfaction with their math study materials. This article
presents the initial phase of construction of the questionnaire.

2 RESEARCH OBJECTIVES

The objective of this research, in the current phase, is to determine
the validity and reliability of a measurement instrument that
allows to assess the satisfaction of the students the mathematics
study materials.

To meet this goal, we define the following specific objectives:

1. Construct a questionnaire with items related to satisfaction
whit mathematics learning materials from the dimensions
indicated in the related scientific literature.

2. Conduct expert validation of the questionnaire on teaching
mathematics.

3. Conduct a pilot study with students of Engineering in
Computer Science applying the questionnaire on
transparency.

4. Analyze the reliability and validity of the measure obtained
with the application of the questionnaire and determine
possible improvements in it.

3 METHODS

To fulfill the objectives of this research, a survey tool was used. A
study with a quantitative approach was developed, which led to
the design and validation of a questionnaire by a group of experts.
The validation closed after applying a pilot study.

A first version of the instrument was elaborated, based on the
theoretical references found in the literature regarding
satisfaction with the learning materials. This initial version was
presented for consideration by 7 experts in the teaching of
mathematics.

After two rounds of evaluation by the panel, the questionnaire
was applied to 728 students of computer science engineering at
the University of information sciences of Havana, the sampling
was intentional. Official data held by the institution about the
students were used. Of the total, 293 participants were women
(40.25%) and 435 were men (59.75%).

The twenty-two survey items, distributed in three groups
(scales), assessed the students’ satisfaction with their study
materials for the Discrete mathematics subject. Such groups are:
1) general quality; 2) didactic adaptation; and 3) ability to
motivate.

The scales were created from the theoretical study. After
experts' reviews, the final version of the questionnaire was set.
The pilot study included a reliability study, based on the Cronbach
Alpha coefficient, factorial analysis of its principal components
(for metric variables) and a categorical analysis of principal
components, considering the ordinal and nominal nature of the
data [33]. The McDonald's omega coefficient was also used as
statistic tool to estimate reliability [27].

Before starting the factorial analysis, the Kaiser-Meyer-Olkin
(KMO) test and the Bartlett sphericity test were performed to
corroborate that a set of items measures an underlying theoretical
factor [12, 31]. In general, a KMO greater than 0.600 is expected,
but it is preferable to observe a value greater than 0.800 [18]. For
its part, the Bartlett test was desirable if it reached a high chi
square and a probability value of less than 5% [4].

All calculations were carried out in the IBM-SPSS v22
statistical package.
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4 RESULTS

The validation of experts allowed the improvement of the
proposed instrument, by adding or rewriting items to be better
understood by the students.

4.1 Reliability
The overall result of Cronbach's Alpha (.896) shows the internal
consistency of the questionnaire, which coincides with the results
obtained in each scale (.821, .832, .837). McDonald's omega
coefficient confirmed the high reliability of the questionnaire,
both globally (.902) and scales (.829, .845, .844). Those results are
shown in Table 1.

It has been verified that the elimination of any item would not
improve the Cronbach's Alpha or McDonald's omega coefficient.

Table 1. Cronbach's Alpha and McDonald’s omega (global
and by scales)

Cronbach's McDonald's

Scale Alpha omega
Global .896 .902
General quality of the learning
materials 821 829
Didactic adaptation of the learning
materials 832 845
Motivation’s capacity of learning 837 344

materials

With these results we can express that the scales met the
objectives for which they were created.

4.2 Validity

Below are the results for each of the questionnaire scales, showing
the obtained factors.

Scale 1. General quality of the learning materials

This first scale seeks to gather information about the
characteristics of the study materials that provide the necessary
quality for student learning. For this, both the visual quality, and
the quality of the discrete mathematical content that is exposed
are taken into consideration. Inquiring about characteristics
associated with the use of technology in study materials was also
of interest. Following these criteria, nine items were developed.

In the factor analysis, this scale showed a KMO coefficient =
0.821 and a Bartlett test with a chi square = 1470.962; and 5 degrees
of freedom; p <0.001. Of the nine factors, three showed auto values
higher than 1, justifying the 68.32% of the variance (Table 2).

Table 2. List of principal components (factors) of the scale
General quality of the learning materials

Auto values

Factor
Auto value % variance % accumulated
1 2,548 29,82 32,82
2 1,987 22,32 52,14
3 1,089 16,18 68.32
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Table 3 shows the factors obtained and the list of items
associated to each factor, ordered by their factorial weight. The
factors were grouped as: 1) Technological quality, 2) Quality of
mathematical content, and 3) Visual quality.

Table 3. List of items associated with each factor of first
scale

Factors (Dimensions) factf)rlal
weight
Technological quality
Possess restitution activities through the use of 369
technologies '
They have audiovisual resources .790
They can be accessed in mobile format 735
Quality of mathematical content
They have a level of difficulty adjusted to the level 845
of the race and the characteristics of the subject ’
They have a variety of enough exercises for my 738
study )
They present an accurate progression of the 692
exercises in terms of complexity '
Proper extension of readings or topics 657
Visual quality
They have an attractive graphic design that 351

encourages my learning
They support the ideas or concepts developed in
the text through illustrations or graphics 724

As shown, the activities with the use of technology, the
adjustment of difficulty level of learning materials according to
level of subject and attractiveness of graphic design are the items
that best represent those factors.

Scale 2. Didactic adaptation of the study materials

The second scale, didactic adaptation, was elaborated with the
purpose of obtaining information about the characteristics of the
learning materials that favor a didactic adaptation for the learning
of the mathematics. The didactic relevance based on the levels of
help they provide to students, the adequacy of the objectives and
contents to the student's major and an adequate relationship
between the theory and the practice were explored.

In the factor analysis, this scale showed a KMO coefficient =
0.834 and a Bartlett test with a chi square = 1548.024; and 5 degrees
of freedom; p <0.001. We obtained 3 factors whose auto value are
higher than 1 and that justify 71.29% of the variance (see Table 4).

Table 4. List of principal components (factors) of the scale
Didactic suitability of the learning materials

Auto values

Factor
Auto value % variance % accumulated
1 3.978 34.25 34.25
2 2.024 25,32 59.57
3 1,289 11.72 71.29
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In this scale the three factors are: 1) Didactic Significance, 2)
Adequacy of mathematical content, and 3) Relation between
theory and practice. Table 5 shows the factors obtained from this
scale and the list of items associated with each one of them,
ordered by their factorial weight.

Table 5. List of items associated with each factor of second
scale

Factors (Dimensions) factf)rlal
weight
Didactic Significance
They describe algorithms step by step for the 824
comprehension of contents of the mathematics. ’
They sufficiently exemplify  mathematical 784
definitions, theorems and postulates. ’
They present the concepts developed with clarity 741
and precision. '
Make a conceptual summary by content blocks 712

Adequacy of mathematical content

They present a correspondence between the
contents and the information necessary for the .755
realization of mathematical exercises.

They integrate the theoretical and practical

elements with developer activities. 684
They adapt to my social and cultural reality 678
Relation between theory and practice

They adapt to the objectives and contents of the 812
subject.

They have a 1§Vel of difficulty of the theoretical 751
content according to the students.

They have the updated contents. 624

The items with the greatest factorial weight refer to the
descriptions of step by step algorithms for understanding the
contents of the subject and the adaptation to the objectives and
contents of the subject. The factor of adequacy of mathematical
contents stands out in this analysis, in which all its elements have
a factorial weight greater than .700.

Scale 3. Ability to motivate of learning materials

The last scale, associated to motivational variables, was
elaborated to appraise the self-evaluation of motivation, obtaining
information about the characteristics of the learning materials
that favor an adequate mood and incentive involvement of the
students in the learning of the Discrete Mathematics. For this
purpose, students’ self-perception about the role and ability of
learning materials to contribute to their learning, the relationship
between mathematical content with its history, and its real
applications to their future profession were explored. It also
inquiries about the satisfaction provoked by the study materials,
according to the interests of the students, and the possibilities of
interaction as a motivational element. Following these criteria, the
fourteen proposed items were elaborated.

In the factor analysis, this scale showed a KMO coefficient =
0.834 and a Bartlett test with a chi square = 1724.351; and 5 degrees
of freedom; p <0.001. Four factors whose auto value are higher
than 1 justify 73.92% of the variance (Table 6).
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Table 7 shows the factors obtained from this scale and the list
of items associated with each factor, ordered by their factorial
weight. The factors are: 1) Implication, 2) Contribution to
learning, 3) Relevance, and 4) Interaction.

Table 6. List of principal components (factors) of the scale
Motivation’s capacity of learning materials

Autovalues
Factor
Autovalue % variance % accumulated
1 4.187 24.25 24.25
2 1.899 21,32 45.57
3 1,135 16.72 62.29
4 1.015 11.63 73.92

Table 7. List of items associated with each factor of last scale

Factors (Dimensions) factf)rlal
weight

Implication
They enhance my satisfaction in the study of 824
mathematics. ’
They are easy to understand and connected to my 784
interests. '
Contribute to a better learning of the subject. 741
They make me forget how difficult mathematics is. 709
Contribution to learning
They link their contents with my Career. .755
They make visible the linking of mathematical 794
content with the real world. '
They adapt to my learning rhythm .658
Relevance
They present in a pleasant way the mathematical

L . . . .812
content, showing its origin and evolution.
They stimulate search and discovery 754

They connect with my interests through activities
of didactic motivation such as surprises, riddles, .698
curiosities, etc.

They have activities that promote my learning

from games (gamification). 672
Interaction
They allow asking the author questions and 715

receiving their answers

They allow me to interact with my teacher and my
classmates. 684
They allow me to evaluate myself in an automated 632
way

5 CONCLUSIONS

For this research a questionnaire was elaborated, using Likert type
scales, to evaluate the satisfaction of the students with their math
learning materials. The instrument, initially designed from the
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theoretical referents on the subject in question, was validated
using experts criteria. The panel of experts was formed with
university professors and researchers of recognized prestige in the
area of knowledge that concerns us.

Instrumental validation was done with its application to 728
students of Computer Science Engineering where a high
reliability index was evidenced. A principal component analysis
was applied to complete its validation process.

The validation process concluded positively, obtaining nine
factors that coincide with the revision of the literature:
technological quality [3, 9, 17], quality of content [13, 21, 34],
visual quality [1, 20], didactic significance [14, 29, 30], adequacy
of content [9, 13, 30], relationship between theory and practice
[19, 21, 23, 24], involvement [11, 16, 25], contribution to learning
[5,15], relevance [2, 7, 11], and interaction [1, 32]. It is relevant to
observe how these dimensions were grouped into three general
scales.

The objectives of the research were met, and the questionnaire
has validity and reliability, allowing its use in the practice, also
justifying its application to other samples in different educational
contexts. The results of this questionnaire provide relevant
information for the design, selection, and use of study materials
in the classrooms setting, enhancing engagement, hence academic
performance of students in mathematics related subjects.
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