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Abstract
Nowadays virtual environments are forcing us to live very closely with technology, computers and information
networks. Thus, the present study analyzes the students’ perception to learning process of financial mathematics
mediated by ICT in the “Tec Milenio” University at “Tecnológico de Monterrey Campus Veracruz”. 85
questionnaires were applied to engineering undergraduate student. The survey used was EAPHMF (APTFMS)
scale of García and Edel (2008). In order to measure data, the statistical procedure was the factor analysis by
principal component extraction and chi-square test statistic (X2) and the Bartlett’s test of sphericity, KMO
(Kaiser-Meyer, Olkin) and MSA (measure sample adequacy). The results suggest the rejection of Ho, which
means that, the variables: HMCTT, PHC, DSF, PI and CV helps to understand the students’ perception towards
the teaching process mediated by ICT.

Keywords: Design of simulators, content of the history of mathematics and workshop-type class, spreadsheet
programming, computer platforms and virtual communities.

JEL Classification: I2: I23
1. Introduction
This empirical study starts from the need that has been presented by the Ministry of Education in Mexico, to
include financial mathematics courses in all academic programs, from high school to the university. Likewise, the
corporate sector has been involved in this request, which has led to the academic authorities of Universidad Tec
Milenio Campus Veracruz, to join this concern about including the courses in the curricula of all programs that
the institution offers. It is clear that today has become imperative to know the perception that the student has in
relation to the process of teaching and learning mathematics and specifically, the financial mathematics and
attitude towards this process in all engineering academic programs.
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In order to find answer; we took a sample of students to replicate the model of García and Edel (2008), Garcia,
Escalera and Edel (2010) to a group of engineering students who’s are pursuing the financial mathematics course
in “Universidad Tec Milenio Campus Veracruz”.
The problem lies in the context of social sciences, but, financial mathematics is part of mathematics, therefore, is
placed in the exact sciences. However, the problem has to do with the teaching of mathematics; its connotation is
given in the field of Psychology and Education, which places it in the social sciences. This will address studies
related to the teaching of financial mathematics based on the use of information and communication technologies
(ICT), technology-based educational platforms and virtual learning communities. With this, we want to find an
answer to the following question:
RQ1: What is the variables structure to helps understand student’s perception toward financial mathematics?

2. Conceptual framework and research hypotheses
The variables of model proposed by Garcia and Edel (2008), Garcia, Escalera and Edel (2010) are also integrated
in the scale EAHMF which are: Contents of the history of mathematics and workshop-type class (HMCTT),
Programming spreadsheet (PHC), Designing financial simulations (DSF), computer platforms (PI), virtual
Learning Communities (CV). In addition to these variables, several are the studies that support the relevance of its
inclusion in the process of teaching mathematics; for example, the arguments from Fauvel (1991), Russ (1991),
Pizzamiglio (1992), Moreno and Waldegg (1992), Clinard (1993), Toumasis (1995), Barbin (1997), Furinghetti
(1997), Fauvel and Van Maanen (1997), Ernest, (1998), Núnez and Servat (1998) in relation to the variable
"HMCTT", who’s suggest the need to place its historical context of mathematics, to make the traditional
classroom a type of workshop where students are taught to build their knowledge from scenarios based on past
experiences and current context (García and Escalera, 2011).
Furthermore, the variable programming spreadsheet has been proposed in several studies, highlighting the work of
Pamela Lewis in the area of computers in education at St. Luke College in Brookfield, Wisconsin, USA where she
teaches to students and faculty how to integrate technology into the curriculum. She is also the author of
Spreadsheet Magic which has 40 classroom projects that integrate the technological tool in several areas of the
curriculum (Lewis, 2003) and finally Goldenberg (2000) who has referred in their studies that one of the forces is
the ongoing growth, development and teaching of mathematics, has been from new technologies. In the field of
education, the importance of certain ideas have been raised, problems and solutions proposed, issues more
accessible with the use of technology, and has provided new ways of representing and managing mathematical
information.
Goldenberg concludes that the inclusion of technology as an alternative offered in the content and methodology
for teaching, which most likely did not have before. Thus, the spreadsheet that the information technology
provides has become a predominant element in the learning process, although for this study, we only refer to
financial mathematics as a branch of mathematics. Regarding the financial simulator design variable,
Abramovich (2003) and Garcia et al (2007), has been making a series of proposals on the design of financial
tools, considering the Excel spreadsheets as bridge to transform mathematical theorems in practical tools called
simulators. In the study by Garcia, Edel and Escalera (2010), some step by step manuals are presented in
computer language simulation design.
The simulation has been a form of potential element for learning, since one of its benefits is, to allow students
face learning situations, by creating different scenarios for the solution of specific problems and its possible
outcomes, be in the classroom with a computer, or in a specially equipped computer lab for this learning
environment. It is clear that manipulation of variables in the scenarios proposed by the student to solve
mathematical problems of everyday life which permits the student to have a different view of the impact on
certain economic phenomena, that will facilitate the understanding of the theories learned in the classroom on
mathematics and its teaching processes. In summary, the simulation helps the educational process by altering the
time scale and can better prepare the student for real time decision making, without having to wait for that time to
elapses, an example of this, we can make financial exercises with multiple variables, and the results would be a 20
year credit report with different management scenarios.
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The creating and sharing knowledge within the learning process is a task that not only promotes this process, but
it becomes a stimulus to the student, since it assumes a commitment to collaborate with colleagues within or
outside of classrooms. In this regard, Salinas (2003), cited in Garcia et al, (2010), refer that there is a greater
probability of achieving virtual learning communities, when the class group have similar interests. That is why the
tools designed by the students, as part of the teaching strategy in the workshop-type class, shared with other
people, including academic institutions or whoever is interested in obtaining them (Wallace, 2001; Mousround,
2007).
Finally, the relevance of including the variable computer platforms to the teaching of financial mathematics (i.e.
Moodle platform) is an important element, since this alternative takes the student from being a mere spectator to a
participant; and takes the teacher to be a tutor of teaching the use of many tools that the computer platform
provides as studies have suggested Rheingold (1996 and 2001), Hagel and Armstrong (1997), Jonassen, Pech &
Wilson (1998).
Today, it is a fact that an individual can no longer stay with traditional training. A more integrated training will
be needed in the future and it will need constant updating. With the interaction of learning the different networks
that exist in universities, which forces everyone to stay updated in their field of study, and learn to live together
and use these new tools in learning environments, as studies have referred to Hagel and Armstrong (1997), Tarin
(1997), Jonassen, Pech and Wilson (1998), Wallace (2001) and Rheingold (2001), Cho & Jonassen (2002).
For the theoretical and empirical arguments outlined above, this study seeks to identify, what is the structure of
variables to understand the student's perception regarding the process of financial mathematics education,
considering the contents of variables history of mathematics and workshop-type class (HMCTT) spreadsheet
programming (PHC), design financial simulators (DSF), computer science platforms (IP) and virtual learning
communities (CV).
2.1. Hypothesis
H1: The structure of the latent variables: the contents of the history of mathematics and workshop-type class
(HMCTT) spreadsheet programming (PHC), design financial simulators design (SFD), computer science
platforms (IP) and virtual communities learning (CV) helps to understand the students’ attitude toward financial
mathematics.

3. Design and Research Methodology
This is a descriptive non-experimental study, the variables is not manipulated and we seek to describe the features
of this phenomenon and the probable correlations between the variables involved: the contents of the history of
mathematics and workshop-type class (HMCTT) spreadsheet programming (PHC), financial simulators design
(DSF), computer science platforms (IP) and virtual learning communities (CV).
3.1. Population and sample size
We considered engineering undergraduate students’ in the Universidad Tec Milenio, Campus Veracruz. The
sample is not calculated because it was taken from the population census record.
Table 1. Population Universidad Tec Milenio-Veracruz, Mexico
Total Student
Engineering


Student
87
87

Partial
87
87

Cumulative
87
87

Rejected
2
2

Accepted
85
85

Source: obtained from Tec Milenio, Campus Veracruz
3.2. Test and Measurement Procedure
Apply the test EAPHMF (APTFMS), "Attitudes and Perceptions towards Financial Mathematics Scale" of García
and Edel (2008). The scale is divided into 31 indicators with a Likert scale. The data is collected and statistically
processed with SPSS software v.20, applying the exploratory factor analysis with principal component extraction.
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3.3. The statistical procedure
Based on the results of the multivariate statistical method of Exploratory Factor Analysis, we establish the
statistical hypothesis: Ho: ρ = 0 has no correlation and Hi: ρ ≠ 0 has correlation. The statistic test is: X2 and the
Bartlett Test of Sphericity KMO (Kaiser-Meyer_Olkin) and Measure of Sampling Adequacy (MSA). Under the
null hypothesis, this statistic is asymptotically distributed through a X2 distribution with p(p-1)/2 degrees of
freedom, with significance: α =0.05/2 = 0.025, or p<0.01 and <0.05 The factor of 0.70 to 0.55 higher statistics
factors. If H0 is true, the eigenvalues are worth one and its logarithm would be zero, therefore the test statistic is
zero, otherwise, Bartlett's test with high values of X2 and a low determinant, suggest that there is a high
correlation. So if the critical value: X2 calculated > X2 tables there is clear evidence to reject H0, so the decision rule is:
Reject H0 if calculated X2> X2 tables.

4. Results
To answer the main question, we proceeded to apply the factor analysis to validate the survey with the
information gathered in the field research. Firstly, we conducted a reliability analysis using Cronbach's alpha
coefficient. The CA is not a statistical test; it is a coefficient of reliability or consistency. This is an internal
consistency index that takes values between 0 and 1 and used to check if the instrument being tested collected
inaccurate information and thus, lead us to wrong conclusions.
Cronbach's alpha is therefore a squared correlation coefficient which roughly measures the homogeneity of the
questions by averaging all the correlations between all items. This interpretation is that the closer to the index 1,
the better the reliability, considering a good reliability of 0.80 The reliability refers to the amount of times an
instrument is repeatedly applied to the same subject or object; the results will be the same. Thus, the Cronbach's
alpha can be set as a function of the number of items and the average of the correlations among the items, as show
it in the formula:

α=

N*ř
1 + (N - 1) *

ř

Where:
N = number of items (latent variables), ř = this is the correlation between items.
The results obtained are shown in Table 2.
Table 2. Reliability Statistics
Cronbach´s Alpha
INTEGRATE
0.813
D
ALL
0.926
HMCTT
0.840
PHC
0.781
DSF
0.686
CV
0.657
PI
0.000

N of items
5

N=85 cases, zero excludes
ACUMULATED

31
13
9
5
3
1

ALL
1,2,5,6,7,9,10,11,12,13,14,15,17,
3,4,8,16,20,21,22,23,26
18,24,25,27,28
29,30,31
19

Source: Self made
The results obtained is = 0.813 and under the criteria of Cronbach's alpha >0.6 (Hair, 1999) we can say that the
survey has the required characteristics of consistency and reliability. It is important to note that the Cronbach’s
alpha obtained for the 31 variables is = 0.926 therefore, the survey is validated.
Table 3 shows the descriptive statistics: mean and standard deviation, which are the basis for calculating the
coefficient of variation (CV = sd / μ) which identifies the variable that has the most variation with comparison to
other variables of the model. This gives the variable CV = 33.83%, variable that has the highest dispersion, while
DSF and PI have the lowest dispersion compared with the rest of the variables, but in general the behavior is very
balanced.
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Table 3. Descriptive statistics
Mean
µ
3.5584
3.5477
3.6800
3.6118
3.5686

HMCTT
PHC
DSF
PI
CV

Standard Deviation
Sd
1.1729
1.1530
1.1801
1.1557
1.2072

N

Variation Coefficient
CV=DE/MED
32.96%
32.50%
32.07%
32.00%
33.83%

85
85
85
85
85

Source: Self made
Based on the results described in Table 3, it can be seen that the variables: CV (33.83%) and HMCTT (32.96%)
are the largest compared to the rest of the variables that show similar behaviour. After collecting the data, and in
order to validate whether the statistical technique of factor analysis can explain the phenomena studied, we first
conducted a contrast from Bartlett's test of sphericity with Kaiser (KMO) and Measure Sample Adequacy (MSA)
to determine whether there is a correlation between the variables studied and whether the factor analysis technique
should be used in this case. Table 4 shows the results KMO, MSA, X2, significance (p <.01) and correlations of
variables involved in the model.
Table 4. Correlation Matrix - KMO, MSA
Variable

Correlation

Sig

MSA

0.856
0.751
0.759
0.564
0.548

0.000
0.000
0.000
0.000
0.000

0.763
0.772
0.863
0.824
0.873

HMCTT
PHC
DSF
PI
CV

KMO

Esphericity test of Bartlett,
(X2)

0.810

254.808
df 10

Source: Self made
As shown in the table above mentioned, the KMO statistic has a value = 0.810 which is close to one, indicating
that the data is adequate to perform a factor analysis and, in contrast to Bartlett sphericity test with X2calculated =
254.808 with 10 df > p-value X2tabla 0.000, there is significant evidence to reject the null hypothesis (Ho)
acceptance Hi, considering that the initial variables are correlated. Thus, the statistical procedure of factor analysis
allows us to answer the research question: RQ1: What is the variables structure to helps understand student’s
perception toward financial mathematics?
Now, in the Table 5 shows the results obtained from the anti-image matrix, which shows the covariance matrix
and the anti-image correlation matrix. The covariance matrix of anti-image contains the negatives of the partial
covariance; and correlation anti-image matrix contains the partial correlation coefficients with inverted signs (the
correlations between two variables is biased, regarding the other variables included in the analysis). The diagonal
line of correlation matrix anti-image is the measure of sampling adequacy for each variable (MSA). If the chosen
factor model is appropriate to explain the data, the diagonal elements of anti-image matrix correlations should
have a value close to 1 and the other elements should be small.
Table 5. Anti-image Matrix
Anti-image
Covariance

HMCTT
PHC
DSF
PI
CV
Anti-image
HMCTT
Correlation
PHC
DSF
PI
CV
a. . Measure of sample adequacy

HMCTT
0.227
-0.143
-0.030
-0.151
-0.123
0.763a
-0.553
-0.106
-0.435
-0.341

PHC

DSF

PI

CV

0.296
-0.137
0.057
0.029

0.365
-0.091
-0.096

0.529
0.021

0.577

0.772a
-0.418
0.145
0.071

0.863a
-0.207
-0.210

0.824a
0.039

0.873a

Source: Self made
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In the above table shows the results obtained from the coefficients anti-image correlation (diagonally) ranging
from 0.763 to 0.873, these are significantly higher while the rest are less than 0.435 (except for one). So it is
confirmed that the factor analysis is appropriate to identify the structure of the latent variables that can explain the
student's perception towards the teaching of financial mathematics and thus answer the research question.
The percentage of variance that explains the case studied was obtained from the extraction of the principal
components. Primarily, the communalities were obtained, which are the proportion of variance of the extracted
component (Table 6), and later analyzed under the criteria of eigenvalues more than one, according to the latent
root criteria (> 1). The number of components obtained from the analysis is one, as is shown in graph 1.
Moreover, the sum of the square root of the loads, of the initial extraction the eigenvalues of each component is
shown in table 7; where we can see that the component removed (one) explain 69.543% of the variance of the
studied phenomena.
The following are tables and sedimentation graphs:
Table 6. Component and variance Matrix
Factors
Component 1
HMCTT
1.000
PHC
1.000
DSF
1.000
PI
1.000
CV
1.000
Total variance

Communalities
0.8560
0.7510
0.7590
0.5640
0.5480
3.478 = 69.543%

Source: Self made
Table 7. Total variance explained
Component

Eigenvalues
Total

% de la
variance
1
3.478
69.543
2
0.579
11.588
3
0.507
10.138
4
0.287
5.734
5
0.150
2.997
Extraction method of principal components

%
accumulate
69.543
81.131
91.269
97.003
100.000

Sum from the saturation to the square of the
extraction
Total
% de la
% accumulate
variance
3.477
69.543
69.543

Source: Self made
Graph 1 Components and eigenvalues

Finally, the correlation matrix shown in Table 8 and the value of the determinant can help to detect if there is a
high inter-correlation between the variables.
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Table 8. Correlation Matrix
Correlation

HMCTT
PHC
DSF
PI
CV
Sig.
HMCTT
(Unilateral)
PHC
DSF
PI
CV
a. Determinant = .044

HMCTT
1.000
0.800
0.726
0.667
0.629
0.000
0,000
0,000
0,000
0,000

PHC

DSF

PI

CV

1.000
0.744
0.504
0.512

1.000
0.566
0.562

1.000
0.422

1.000

0.000
0,000
0,000
0,000

0.000
0,000
0,000

0.000
0,000

0.000

Source: Self made
As shown in the table above, the correlations in most cases are above 0.5 except one (CV versus PI is 0.422).
Important data is the value of the determinant (0.044) that suggests that the variables are linearly correlated.
Recall that the criteria for determining the correlation matrix (the determinant appears in a footnote below the
table), the determinants are very close to zero, thus indicating that the variables used are linearly related, which
means that the factor analysis was an appropriate technique to study the variables.

5. Results discussions
The results of this study, allowed to reject the null hypothesis Ho, therefore, accepting the research hypothesis Hi,
which sustains that there is a set of variables that form a latent variable structure that enables the understanding
about students’ perception towards financial mathematics from the variables (HMCTT, PHC, DSF, PI and CV)
proposed by Garcia and Edel (2008) and replicated in Garcia, Escalera and Edel (2010) and García-Santillán and
Escalera-Chávez (2011).
This argument provides evidence for understanding the students’ attitude in the field of financial mathematics.
Students can better perceive the mathematical concepts that teachers explain through educational resources, if the
teachers integrate the history of mathematics as a methodological resource. From the previous statement, there is
empirical evidence from other studies, which suggest that the inclusion of this variable (HMCTT) facilitates to
overcome certain obstacles presents in the teaching mathematics process (Fauvel, 1991, Clinard, 1993 and
Furinghetti, 1997). They also point out the benefits of a broader and more profound argument; and the explanation
to use the topics about history of mathematics as a teaching technique. They also emphasize its use at the time in
which they develop mathematical exercises and also even suggest placing them in other scenarios to address and
implement the teaching of this discipline. It is very important to establish, that meaningful learning experience in
the student take place around the time that student advantage optimally teaching of financial mathematics, i.e.,
when the contents of the course are placed in real scenarios in order to find solution to financial problem-solving.
In this sense, it is important to set aside the traditional teaching process.
Besides, the ways the student will learn more uplifting, imaginative and critical through motivation, lies in the
incorporation of the student’s in actively collaborative work, which is the objective of the workshop-type classes
(HMCTT). This constructivist collaborative work is referred by Bruner (1966, cited by Coll, 1998) emphasizing
the importance of building students’ enthusiasm to deepen the understanding of the history of mathematics as a
didactic technique.
Other findings in this research allow us to establish the relevance to include in the teaching process, the variable
programming spreadsheet as refer Lewis (2003) and Goldenberg (2000). Also, the variable design of simulation
and simulators (Garcia et al 2007; Mousround, 2007), the variable virtual learning communities (Wallace, 2001)
and variable computing platforms, an example of this is Moodle, version 1.9 (2007). It is important to state the
interest shown by students toward these variables involved in the proposed model by Garcia and Edel (2008), by
the conviction to achieve a different and more meaningful learning that it can bring about transformation in their
cognitive structure and consequently a more favorable perception of financial mathematics (Ausebel, et al., 1998,
cited by Coll, 1998).
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In this way, getting a greater contribution of all the variables, we can infer from the students’ perspective, that
these tools strengthen the learning of financial mathematics. This empirical evidence is also consistent with the
principles outlined by Bruner (1966) cited by Aguerrondo (1999), centralizing on the issue that learning is an
active process where students build new ideas or concepts based on past and present knowledge.
The teacher must stimulate the students to discover new principles in mathematical theorems, new management
styles and formulas, and above all to transform theorems into computer languages. This leads students to design
their own financial tools, which will serve to create simulated scenarios in finding specific solutions to financial
problems. They must a redefine their learning: the past, present, future of educational agents as they indicated
Choua, Chanb & Linc, (2002).

6. Conclusions
The students’ perception towards the teaching of financial mathematics is very favorable; this is demonstrated by
the empirical evidence obtained in this research. The variables proposed by Garcia and Edel (2008) for an ICTmediated learning model, are perceived as positive by students’ preferences. This allows a glimpse of
transcendence that the tools associated with the teaching of financial mathematics to develop new and better ways
to perform the mathematical calculations, but especially for conducting financial simulations with different
scenarios to solve math problems. The importance of recommending changes in the teaching-learning process is
essential for all higher education institutions, both public and private, to integrate in the curricula the financial
mathematics courses. The students must familiarize with the value of money over time, a situation that will be
appreciated and will have a great impact in their major, regardless of the profession.
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Attitude and Perception toward Financial Mathematics Scale (Aptfms)
(García-Santillán, A. and Edel-Navarro, E. 2008)
In this questionnaire there are not correct and incorrect questions, we only wish to know if the students are agree
or disagree, with each of the statement. TD = totally disagree (1); D = disagree (2); I = don’t know, indifferent
(3); A = Agree (4); TA = totally agree (5)
(FM= financial mathematics)
Ítem
1. - The FM are fun and challenging when the teacher explains their history.
2- The FM is a valuable and necessary course because we can learn to value money in the time.
3.- I think that I could study harder FM if I used Excel.
4. - The FM usually make me feel uncomfortable and nervous, but the use of the ICT reduces this
bad feeling.
5. - I’m more interested in FM, when the teacher explains how it has been used in daily activities of
society.
6.- I enjoy FM when the teacher explains how we can work out a problem in several ways.
7. - The FM course teaches me how to think; also we can propose some alternatives of solution.
8.- The terms and symbols used in the financial math are never difficult to understand and handle,
because the teacher encourages me to generate new forms of coding
9. - I encouraged by the trust placed in me from the teacher who teaches the subject FM.
10. - It is motivating to conduct a workshop-type class.
11.- I encouraged the trust in me, the teacher who teaches the course of FM
12. - To know the history of FM, it helps me to generate a higher interest in the course.
13.- When the teacher explains to me how was the evolution of the FM, it helps me to overcome
doubts.
14.- I like to involve my family when study the FM course.
15. – We are motivated when the teacher asks for realistic-cases exercises based on our family as
homework.
16. – I apply the FM to calculate mortgage, loans, financial leasing and savings.
17. – It generates more interest and expectation when I relate real cases with FM and I precedent it
in class.
18. - I learn better when the subject of FM is taught using other didactics techniques.
19. - Use the ICT in the learning process of FM generates more interest in me.
20.- The use of an excel spreadsheet helps me with my FM learning process.
21.- I learn better FM, when I’m programming the formulas in excel.
22. - Programming formulas in Excel spreadsheet and working in a workshop classroom, helps me
learn.
23.- Designing financial tool in an excel spreadsheet, complements my learning.
24.- Designing simulators generates added value to me in my teaching and learning process of FM.
25.- Programming in Excel and the design of simulators, helps me not to reject the teaching and
learning process of FM.
26.- I believe that programming in Excel strengthens my learning in FM.
27. - I would really like to learn the FM, if I could transform the formulas seen in class, into
financial simulators.
28.- It is motivational when the teacher encourages competition to the best design of simulators.
29.- The course of FM generates more expectation in me, because I can share the products
generated.
30.- I like to share with other people my mathematics projects, to get a feedback.
31.- It seems a good alternative for our education to use the website for knowledge sharing.
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