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Abstract

This study addresses Galbraith and Hines’ scale (1998, 2000) and arguments exposed by
Galbraith, Hines and Pemberton (1999), Cretchley, Harman, Ellerton and Fogarty (2000),
McDougall and Karadag (2009), Gémez-Chac6n and Haines, (2008), Goldenberg (2003)
and Moursund (2003) about mathematics confidence, mathematics motivation, computer
confidence, computer motivation, computer and mathematics interaction and mathematics
engagement. In the same way, it takes up the arguments of Garcia and Edel (2008),
Garcia-Santillan and Escalera (2011), Garcia-Santillan, Escalera and Edel (2011) about
variables associated with the use of ICT as a didactic strategy in the teaching-learning
process in order to establish a relationship between students’ perception of the
teaching-learning process and technology. Therefore, this paper examines the relationships
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between students’ attitudes towards mathematics and technology in a study carried out at
the Universidad Autonoma of San Luis Potosi Unidad Zona Media. 214 questionnaires
were applied to Accounting, Management and Marketing undergraduate students. The
statistical procedure used was factorial analysis with an extracted principal component.
The Statistics Hypothesis: Ho: p = 0 has no correlation, while Ha: p #0 does. Statistics test
to prove: X2, Bartlett’s test of sphericity, KMO (Kaiser-Meyer_Olkin) Significance level:
0=0.05; p< 0.01, p<0.05 Decision rule: Reject Ho if y* calculated >  tables. The results
obtained from the sphericity test of Bartlett KMO (.703), Chi square X? 92.928 >  tables,
Sig. 0.00 < p 0.01, MSA (CONFIMA .731; MOTIMA .691; COMPIMA .741;
CONFICO .686 and INTEMAC .694) provide evidence to reject Ho. Thus, the variables
mathematics confidence, mathematics motivation, computer confidence, computer
motivation, computer-mathematics interaction and mathematics engagement help us to
understand the student’s attitude toward mathematics and technology.

Keywords: mathematics confidence, mathematics motivation, computer confidence,
computer motivation, computer and mathematics interaction and mathematics
engagement.

1. Introduction

In the words of Galbraith et al., “When students, computer and mathematics meet: does it
make the difference? The seminal paper of Galbraith and Hines (1998) “Disentangling the
nexus: attitudes to mathematics and technology in a computer learning environment”
refers to gaining insight into students’ attitudes and beliefs as a most important and crucial
step in understanding how the learning environment for mathematics is affected by the
introduction of computers and other types of technology. In this sense, they report on the
administering of six Galbraith—Haines scales to 156 students upon entry to courses in
engineering and actuarial science. This research discusses the implications of confidence,
motivation, engagement and interaction with technology in the learning process
environment and demonstrates that the computing and mathematics attitude scales capture
distinctive properties of student behaviour in this respect. Therefore some questions could
guide this research: What is the students’ attitude toward the use of computers in the
teaching of mathematics? What is the students’ attitude toward mathematics confidence,
motivation and engagement? How is this interaction between computer and mathematics
achieved in the teaching process? In order to answer these questions, the objective of this
study was to measure, how mathematics confidence, mathematics motivation, computer
confidence, computer motivation, computer-mathematics interaction and mathematics
engagement help to understand the students’ attitude toward mathematics and technology.
All the above is simplified in a single question: RQ1: What is the underlying latent
variable structure that would allow the student to understand the perception about
mathematics and computers?
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2. Theoretical approach to mathematics confidence, computer confidence,
engagement, motivation and interaction between mathematics, computer and
students

This research takes the construct proposed by Galbraith and Hines (1998, 2000) and
Galbraith, Hines and Pemberton (1999) on the “mathematics-computer” and
mathematics-computing attitude in mathematics confidence, computer confidence and
computer-mathematics interaction. We take the construct proposed by Cretchley, Harman,
Ellerton and Fogarty (2000) about attitudes towards the use of technology for learning
mathematics.

The objective of this study is to determine the structure of the underlying latent variable
that would allow us to understand the student’s perception about mathematics and
computers. McDougall and Karadag (2009) indicate that despite the theoretical and
practical concerns in integrating technology into mathematics education, students widely
use technology in their daily life at an increasing rate. Because these students were born in
the information age, they are confident enough in using technology and have no idea about
a life without technology, such as the internet and computer. There is no doubt that they
can use technology effectively, and many studies document that they use technology as
anticipated (Lagrange, 1999; Artigue, 2002; lzydorczak, 2003; Karadag and McDougall,
2008; Kieran, 2007; Kieran and Drijvers, 2006; Moreno-Armella and Santos-Trigo, 2004;
Moyer, Niexgoda, and Stanley, 2005). Galbraith (2006) describes the use of “technology
as an extension of oneself” as “the partnership between technology and student merge to a
single identity” which is the highest intellectual way to use technology. This use of
technology extends the user’s mental thinking and cognitive abilities because technology
acts as a part of the user’s mind. For example, linked representation (Kaput, 1992)
between symbolic and visual representation could be a relevant example for this type of
use because manipulations in one of the representations affect the others.

Suurtamm and Graves (2007) state that, “enabling easier communication, providing
opportunities to investigate and explore mathematical concepts, and engaging learners
with different representational systems which help them see mathematical ideas in different
ways”. They refer to the Ontario Ministry of Education which outlined the use of
technology by suggesting: “students can use calculators and computers to extend their
capacity to investigate and analyze mathematical concepts and to reduce the time they
might need otherwise spent on purely mechanical activities,” and added that technology is
conceived as a tool to extend students’ abilities with tasks which are challenging or
impossible in paper-and-pencil environments. These tasks could be to perform
complicated arithmetic operations or, as Galbraith and Haines (2000) propose, an Attitude
Scale Toward: maths confidence, computer confidence, maths-tech attitudes, maths-tech
experience, variables that are involved in our subject.

Previously exposed may identify the variables implicated, as shown in the next construct
(path model).
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Figure 1 Theoretical Path Model
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3. Empirical studies

Some surveys on attitudes toward mathematics have been undertaken and have developed
significantly in the past few years. The first ones focused on possible relationships
between positive attitude and achievement (Leder, 1985), surveys highlighting several
problems linked to measuring attitude (Kulm, 1980), a meta-analysis, and recent studies
which question the very nature of attitude (Ruffell et al., 1998), or search for ‘good’
definitions (Di Martino and Zan, 2001, 2002), or explore observation instruments that are
very different from those traditionally used, such as questionnaires (Hannula, 2002).

It is important to point out that the surveys on attitude towards mathematics have been
undertaken for many years, but the studies related to attitude towards information
technology has a shorter history in topics about mathematics education. The studies
carried out within undergraduate programs in mathematics by Galbraith and Haines (2000)
are important for this subject matter. In 1998, these authors developed instruments and
several attitude scales to measure mathematics and I.T. attitudes. These instruments have
been used to assess attitudes in different countries: England (e.g. Galbraith and Haines,
1998 and 2000), Australia (e. g. Cretchley and Galbraith, 2002), Venezuela (e.g. Camacho
and Depool, 2002), etc. The results offered us evidence about several of the dimensions of
attitudes: 1) Mathematics confidence, 2) Mathematics motivation, 3) Mathematics
engagement, 4) Computer confidence, 5) Computer motivation and 6) Interaction between
mathematics and computers. In all these studies, the authors’ findings have been similar:
there is a weak relationship between mathematics and computer attitudes (both confidence
and motivation) (Di and Zan, 2001) and that students’ attitudes to using technology in the
learning of mathematics correlate far more strongly with their computer attitudes than with
their mathematics attitudes (Cretchley and Galbraith, 2002).
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A study conducted by Fogarty, Cretchley, Harman, Ellerton, and Konki (2001), reports on
the validation of a questionnaire designed to measure general mathematics confidence,
general confidence with using technology, and attitudes towards the use of technology for
mathematics learning. A questionnaire was administered to 289 students commencing a
tertiary level course on linear algebra and calculus. Scales formed on the basis of factor
analysis demonstrated high internal consistency reliability and divergent validity. A repeat
analysis confirmed the earlier psychometric findings as well as establishing good
test-retest reliability. The resulting instrument can be used to measure attitudinal factors
that mediate the effective use of technology in mathematics learning.

Gomez-Chacon and Haines, (2008) indicate that there are several studies describing the
positive impact of technology on students’ performance (Artigue, 2002; Noss, 2002). In
particular, some researchers underline the new cognitive and affective demands on
students in technology programs (Galbraith, 2006; Pierce and Stacey, 2004; Tofaridou,
2007). This evidence suggests that it is important to undertake research topics which make
a careful study of the dialectic aspects of technical and conceptual work, and of the
attitudes towards mathematics and technology in the setting where the learning of
mathematics uses technology (graphing calculators, computer-based resources).

The results offered evidence about several dimensions of attitudes: mathematics
confidence, mathematics motivation, mathematics engagement, computer confidence,
computer motivation and mathematics-computer interaction. The authors of these studies
come to a similar conclusion, that ‘there is a weak relationship between mathematics and
computer attitudes (both confidence and motivation) and that students’ attitudes to using
technology in the learning of mathematics correlate far more strongly with their computer
attitudes than with their mathematics attitudes’ (Cretchley and Galbraith, 2002).

On the other hand, studies by Goldenberg (2003), Moursund (2003), Garcia and Edel
(2008), Garcia-Santillan, Escalera and Edel (2011), Garcia-Santillan and Escalera (2011)
report that at present the teaching-learning processes are favourably influenced in the
evolution and growth of ICT, which contributes significantly to the educational process of
mathematics in general. Regarding the use of technology to support the teaching process,
Crespo (1997), cited in Poveda and Gamboa (2007), claimed that even though "buying and
selling"” the idea that technology is the magic formula that will transform classrooms into
an authentic, perfect teaching and learning setting, in reality this is not true. However,
Gomez Meza (2007), cited by Poveda and Gamboa, (2007), indicates that although
technology is not the magic formula, nor probably the solution to all educational problems,
it is true that technology could be an agent of change that favours the mathematics
teaching-learning process. With these arguments, the hypothesis to be proved is:

3.1. Hypothesis

Considering that the correlation matrix is an identity matrix, Ho: R,=1 the variables are
not inter-correlated, Hi: Rp#1 the variables are inter-correlated
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Null Hypothesis HO: The latent variables mathematics confidence, mathematics
motivation, computer confidence, computer motivation, computer-mathematics interaction
and mathematics engagement do not help to understand the students’ attitude toward
mathematics and technology.

A\ Macrothink International Journal of Learning & Development

Alternative Hypothesis H1: The latent variables mathematics confidence, mathematics
motivation, computer confidence, computer motivation, computer-mathematics interaction
and mathematics engagement help to understand the students’ attitude toward mathematics
and technology.

Statistics Hypothesis: Ho: p = 0 does not have correlation = Ha: p #0 has correlation.
Statistical test to probe: x2, sphericity test of Bartlett, KMO (Kaiser-Meyer_Olkin), MSA
(measure sample adequacy) Significance level: a =0.05; p< 0.01, p<0.05 load factorial
of .70 Critical value: % catculated > % tables, then reject Ho. Decision rule: Reject: Ho if %2
calculated > % tables

4. Methodology

4.1 Population, sample and test

The Galbraith and Hines (1998) scale was applied to all the groups of students that had
taken mathematics courses between the second and third academic year, combining
ordinary classroom sessions and other practices in the computer laboratory, at San Luis
Potosi Autonomous University-SLP Mexico. Table 1 shows participants from any semester
and undergraduate major. After reviewing the questionnaires, they were all accepted, thus
the sample size is 214 cases.

Table 1: Population at San Luis Potosi Autonomous University-SLP Mexico (Academic
programs)

Undergraduate Major Students | Partial | Accumulated
(semester)
Management 6th 30
Management 8th 43 73 73
Marketing 6th 24
Marketing 8th 49 73 73
Accounting 6th 28
Accounting 8th 38 66 66
> 214

Source: self-made

4.2. Statistical Procedure

The statistical procedure used is an exploratory Factor Analysis Model. First, if we
consider the next variables to be measured: attitude scales toward: mathematics confidence,
mathematics motivation, computer confidence, computer motivation, computer and
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mathematics interaction, mathematics engagement (Galbraith, and Haines, 1998), all the
variables are identified as X;....... Xy (latent variables & ). All of them are in order to
measure 214 students, and then we obtain the following data matrix for the study:

A\ Macrothink International Journal of Learning & Development

Variables X1 Xz . . . ..
Students | X,

1 Xll Xlz ... X1p

2 X21 Xzz .o X2p

214 an an cene an

The above mentioned is given by the following equation:

Xq=a1F +aoF o +ay, F +Ug
Xy =ayF +asoF, +o, +a, R + U,
Xp =ap1|:1+ap2F2 F o, +akak U

Where Fy,. . . Fx (K<<p) are common factors and uj, .... Up are specific factors and

coefficients, {aﬁ,izl ,,,,,, Pji=1,mk }are factorial load. Besides, we suppose that the

common factors have been standardized (E(F;) = 0; Var(F;) = 1, the specific factors have a
media of zero and a correlation (E(u)) = 0; Cov(ui, u) =0 if i#;j,i=1,.....,p) and

both factors have correlation (Cov(F;,u;) =0, V,=1,..k;j=1,....,p.  Considering this, if

the factors are correlated (Cov(F;,Fj) = 0, if i#j; j, i=1,.....,k) then we have a model
with orthogonal factors, and if not, will have a model with oblique factors. Therefore, it

can be expressed as follows: X =Af +u UX=FA+U

Where:
It is the data matrix It is the factorial load It is the factorial
matrix punctuation matrix
X1 Fl Ug 8118710 aj f11f12 ..... fik
Xy F2 u, 859809 ask f2:|_f22 ..... f2k
x=|.. |\f=].. |u= A= i, F=| o
xp Fk up aplap2 ..... apk fplfp2 ..... fpk

Using the previously mentioned hypothesis, we now have:
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=1
Where:

k
h.2 =Var| ¥ ajjFj |..y...W; = VAr(u.)
i = i i

This equation corresponds to communalities and the specificity of variable X; respectively.

So the variance of each variable may be divided into two parts: one of their communalities
hi? that represents the variance explained b and the common factors with the specificity ¥
that represents the specific variance part of each variable.

So, we obtained:

K Kk K :

These are common factors that explain the relationship between variables of the
phenomena studied.

Finally, we have the KMO, MSA and Bartlett's test of sphericity. The Kaiser-Meyer-Olkin
measures the sampling adequacy tests where the partial correlations among variables are
small. Bartlett's test of sphericity examines whether the correlation matrix is an identity
matrix, which would indicate that the factor model is inappropriate. The KMO is an
indicator for comparing the magnitudes of the observed correlation coefficients to the
magnitudes of the partial correlation coefficients. Large values for the KMO measure
indicate that a factor analysis of the variables is a good idea. Bartlett's test of sphericity is
used to test the null hypothesis that the variables in the population correlation matrix are
not correlated, so Ho R=1 means that the determinant of the correlation matrix is 1.
Bartlett's test of sphericity is given by:

B 1 B 2p+11 | P
dR ——{n—l—6(2p+5)|n‘R@——{n— s Léllog(kj)
Where:

n = sample size; Ln= neperian logharitm, ;(G=1,.....,p) eigenvalues of R; R = correlation
matrix.

The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and measure of sampling
adequacy for each variable (MSA) are given by
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KMO = IR MSA= o i=l....p
DIEDIN TR AP WP (= 2N+ 2
Ziizj U fZiizj i) i i)

Where: T ) is partial coefficient of correlation between variable X; and X; in all cases.

One of the requirements of factor analysis makes sense, the variables are highly correlated.
Different methods to verify the degree of association between variables can be used, one
of which is: The determinant of the correlation matrix. A very low determinant indicates a
high inter-correlation between variables, but it must not be zero (non-singular matrix), as
this would indicate that some variables are linearly dependent and their calculation in the
factor analysis might not be accurate.

5. Findings and Discussion

In order to answer the main question, first the test used in the field research to collect data
was validated, obtaining Cronbach’s alpha coefficient (table 2 and 3).

5.1 Test validation

Table 2. Case Processing Summary

N %
Cases|Valid 214| 100.0
Excluded® 0 0
Total 214 100.0

a. Listwise deletion based on all variables in the procedure.

Table 3. Reliability Statistics

N of
Cronbach'’s Alpha Items
0.629 40

It can be observed that the reliability of the instrument is more than 0.6, and based on
Cronbach’s Alpha >0.6 (Hair, 1999), then we can say that the applied instruments have all
the characteristics of consistency and reliability required, (Hair, 1999).

It is important to mention that the Cronbach’s Alpha is not a statistical test, but rather a

reliable coefficient. Therefore, the AC can be written as a function of the same item
number.
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N * T
o= »
1+ (N-1)*F

Where:
N = number of items (latent variables), ¥ = correlation between items.

Within this order of ideas, we can now describe table 4, its mean and its standard deviation
in order to determine the coefficient’s variance and make it possible to identify the variables
with the most variance with respect to others.

Table 4. Descriptive Statistics
Variation
Std. coefficient
Mean Deviation |Analysis N| VC=mean/sd

CONFIMA 24.6869 3.38599 214 13.72%
MOTIMA 24.4766 3.46910 214 14.17%
COMPIMA 25.2991 4.30136 214 17.00%
CONFICO 24.6916 3.47874 214 14.09%
INTEMACO | 25.8084 3.41575 214 13.24%

Source: self made

Based on the results described in Table 4, it can be seen that the variable COMPIMA (17%)
is 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 (KMOQO) 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 5 shows the results.

Table 5. Correlation Matrix- KMO, MSA
Variable | Correlation | Sig | MSA | KMO | Bartlett’s Test

of Sphericity,
KMO (X?)
CONFIMA 0.38 0.000 | 0.731
MOTIMA 0.43 0.000 | 0.691 92.928
COMPIMA 0.23 0.000 | 0.741 df 10

CONFICO 0.49 0.000 | 0.686 | 0.703
INTEMAC 0.39 0.000 | 0.694
Source: self-made

187 www.macrothink.org/ijld



Institute™ 201;?8\%|.212(,34N400.6§
As we already know, Bartlett’s test of sphericity allows the null hypothesis that the
correlation matrix is an identity matrix, whose acceptance involves rethinking the use of
principal component analysis as the KMO is <0.5, in which case the factor analysis
procedure should not be used. Now, observing the results in the table above, the KMO
statistic has a value of 0.703 which is close to one, indicating that the data is adequate to
perform a factor analysis and, in contrast to Bartlett (X* 92.928 caicutated With 10 df> X?iapie)
with a p-value=0.000, there is significant evidence to reject the null hypothesis (Ho)
acceptance Hi, considering that the initial variables are correlated. Therefore, the statistical
procedure of factor analysis allows us to answer the research question: RQ1: What is the
underlying latent variable structure that would allow the student to understand the
perception about mathematics and computer?

A\\ Macrothink International Journal of Learning & Development

Table 6 shows the results obtained from the correlation matrix, which will observe the
behaviour of each variable with respect to the others. With low determinant criteria the
correlation is higher, while with a higher determinant, the correlation is low. Therefore we
can predict the degree of inter-correlation between the variables.

Table 6. Correlation Matrix®

CONFIMA | MOTIMA | COMPIMA [ CONFICO |INTEMACO

Correlation CONFIMA 1.000

MOTIMA 0.280 1.000

COMPIMA 0.125 0.220 1.000

CONFICO 0.261 0.311 0.167 1.000

INTEMACO 0.232 0.180 0.177 0.332 1.000
Sig. (1-tailed) CONFIMA

MOTIMA 0.0000*

COMPIMA 0.034** 0.001*

CONFICO 0.0000* 0.000* 0.007*

INTEMACO 0.0000* 0.004* 0.005* 0.000*

a. Determinant = 0.643 p<0.01*, p<0.05**

In the above table we can observe that the determinant is high (0,643), indicating a low
degree of inter-correlation between the variables (<0.5). However, if there is a positive
correlation, this should be taken with caution on drawing conclusions. Just to point out some
examples of significant correlations (the highest) must be correlated: CONFICO vs
MOTIMA (0.311) CONFICO vs INTEMACO (0.332) and the rest of the variables are
presented in the order of 0.125 to 0.280, the respective correlations between the variables
involved in this study.
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The percentage of variance that explains the case studied is obtained primarily from the
removal of the major components. This is achieved because the communalities represent the
proportion of the extracted variance component (table 7) to be analyzed under the criteria of
eigenvalues > 1, which are the latent root criteria (> 1). A single component > 1 is obtained
as shown in the graph. Moreover, the sum of the square root of the loads, of the initial
extraction the eigenvalues of each component is shown in Table 8; where we can see that the
component removed (only one) explain 38.57% of the variance of the studied phenomena.
The following are tables and sedimentation graphs:

Table 7. Component Matrix and variance

Factors Component | Communalities
1
CONFIMA 1.000 38%
MOTIMA 1.000 43%
COMPIMA 1.000 23%
CONFICO 1.000 49%
INTEMAC 1.000 39%
Total variance 38.579%

Source: self made

Scree Plot

Eigenvalue

Component Number

Table 8. Total Variance Explained
Initial Eigenvalues Extraction Sums of Squared Loadings
% of Cumulative
Component | Total | % of Variance | Cumulative % | Total Variance %
1 1.929 38.579 38.579 1.929 38.579] 38.579%
2 0.896 17.911 56.490
3 0.835 16.696 73.186
4 0.729 14.579 87.764
5 0.612 12.236 100.00
Extraction Method: Principal Component Analysis.
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Table 7 shows that the first component, CONFIMA (> 1), has an eigenvalue of 1.929 and
can explain the phenomenon studied in a 38.579%. The rest of the auto settings for each
component (2 to 5) do not contribute significantly. However, there is new evidence to
perform factor rotation. Although the percentage varies for a particular explanation, the
accumulated remains the same. This is because in the time of rotation the component
variables change, but the goal remains the same, which is to minimize the distances between
each group losing as little information as possible while increasing the ratio of the remaining
variables in each factor. In this way, and based on the theory behind this work, we can say
that the factor analysis technique of the observed variables explains 38.579% of the total
variation, which can be seen in the sedimentation graph.

A\\ Macrothink International Journal of Learning & Development

Finally, the theoretical model is validated and includes the following indicators: proportion
of variance and the measurement of sample adequacy for each variable and its coefficient
correlation.

Figure 2 Theoretical Path Model validated

‘ Student — Mathematics | Student - Computer | Variable that explains students’ perception

,
CONFIMA ¥=0.38 |
MSA=0.703 ~
N CONFICO ¥=0.49
s MSA=0.686
MOTIMA w=0.43 Meet y Students &
Student < MSA=0.691 N Mathematics &
Interaction
\ INTEMACO Computer &3
s w=0.39 MSA=0.694
COMPIMA ¥=0.23 )
MSA=0.741
\ |

v

KMO=0.703 X? caicutated = 92.928 with 10 df > X7 tzp1es p=<0.01, 0=< 0.01

6. Conclusion

In summary, we can say that the research does provide evidence to answer the main
research question, RQ1: What is the underlying latent variable structure that would allow
the student to understand the perception about mathematics and computer?, the
hypothesis that seeks to prove: H1: The latent variables mathematics confidence,
mathematics motivation, computer confidence, computer motivation,
computer-mathematics interaction and mathematics engagement help to understand the
students’ attitude toward mathematics and technology versus Ho that refers to the opposite,
and the aim of the study about how these variables help us to understand the attitude of
undergraduate students toward mathematics and technology.
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In order to prove the hypothesis, the attitude scales were used for: maths confidence,
computer confidence, maths-tech attitudes, maths tech experience (Galbraith, P. & Haines,
C. 1998-2000). The reliability items analysis obtained was >0.6 thus, under the criteria of
Cronbach Alpha, we can say that the Galbraith and Hines test is reliable according to Hair
(1999).

A\ Macrothink International Journal of Learning & Development

Based on the results described in Table 4, the variable COMPIMA (17%) has a greater
dispersion compared with the rest of the variables that display a similar behaviour. The
KMO statistic had a value of 0.703 (table 5), which is close to one, indicating that the data
were adequate to perform a factor analysis and contrast of Bartlett (X* 92.928 cajcutated With
10 df> X%abe) With p-value= 0.000 generated significant evidence to reject the null
hypothesis (Ho), which established that the initial variables were not correlated. Having
proven that variables are correlated, therefore we could make a factor analysis which made
it possible to answer the research question. Also, Table 6 showed that the determinant was
high (0.643) indicating a low degree of inter-correlation between the variables (<0.5).

However, it should be noted that the variables show a positive correlation, but these results
should be taken with caution. For example, significant correlations (the highest) were taken
from CONFICO vs. MOTIMA correlated (0.311) CONFICO vs. INTEMACO (0.332) and
the rest of the variables are presented in order from 0.12 to 0.28 with their respective
correlations between the variables involved in this study. And with respect to the variance
obtained, Table 7 shows that the first component, CONFIMA, may explain the phenomenon
with 38.57%. Thus, we can say that although the results were not optimal in terms of
correlation values, the variables involved in the model proposed by Galbraith and Hines
(1998) do make a difference when students learn mathematics mediated by computers. This
evidence helps the understanding of learning environments in mathematics and how they
are favoured by the introduction of computers and technology.

Finally, with this research, we seek to demonstrate the implications of confidence,
motivation, engagement and interaction with technology in the learning process
environment, like Galbraith-Haines, and we concluded that our alternative hypothesis H1.:
The latent variables mathematics confidence, mathematics motivation, computer
confidence, computer motivation, computer-mathematics interaction and mathematics
engagement, help us to understand the students’ attitude toward mathematics and
technology.

7. Recommendation

As mentioned beforehand, the purpose of the study focuses on measuring the interaction
between students, mathematics and computer use, in order to try to understand how these
elements interact with each other, and to know whether the construct proposed by Galbraith
and Hines can be applied to a Latin-American context, specifically higher education
institutions in Mexico.
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The results clearly show that student-computer interaction for learning mathematics is
positive. However, it is important to consider in future research advances in educational
technology for the mathematics teaching-learning process, as the computer and educational
software development industry is constantly innovating to make the teaching and learning
processes more efficient.

Importantly, this work was developed with cross-sectional data; it would be advisable to
conduct a similar study in the future for comparison and longitudinal results. This could
help us to understand better the phenomenon studied.

Likewise, further research is recommended in order to consider situations such as space
infrastructure for executing the learning experience, cultural background, the students’
nationalities, their socio-economic level and past experiences with mathematics, as well as
conducting a qualitative study of the interaction between students, mathematics and
computers.

The importance of understanding the interaction between the student, mathematics and
computers is certainly a current topic, as computers play an active and leading role in
education on a daily basis. The development of new, enhanced techniques is vital to all
those who are directly or indirectly involved in the process.
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Attitude scales toward: maths confidence, computer confidence, maths-tech attitudes,

maths-tech experience (Galbraith, P. & Haines, C. 1998-2000).

Mathematics Confidence Lowest | Low | Neutral | High | Highest 5
1 2 3 4

Mathematics is a subject in which | get value for effort
The prospect of having to learn new mathematics
makes me nervous

| can get good results in mathematics

I am more worried about mathematics than any other
subject

Having to learn difficult topics in mathematics does
not worry me

No matter how much | study, mathematics is always
difficult for me

I am not naturally good at mathematics

I have a lot of confidence when it comes to
mathematics.

Mathematics Motivation Lowest | Low | Neutral | High | Highest5

Mathematics is a subject | enjoy doing

Having to spend a lot time on a mathematics problem
frustrates me

I don’t understand how some people can get so
enthusiastic about doing mathematics

I can become completely absorbed doing mathematics
problems

If something about mathematics puzzles me, | would
rather be given the answer than have to work it out

myself

I like to stick at a mathematics problem until | get it
out

The defy of understanding mathematics does not
appeal to me

If something about mathematics puzzles me, | find
myself find about it afterwards.

Mathematics Engagement Lowest | Low | Neutral | High | Highest 5
1 2 3 4

| prefer to work with symbols (algebra) than with
pictures (diagrams and graphs)
| prefer to work on my own than in a group

| find working through examples less effective than
memorizing given material

| find it helpful to test understanding by attempting
exercises and Problems

When studying mathematics | try to link new ideas or
knowledge | already have

When learning new mathematical material 1 make
notes to help me understand and remember

I like to revise topics all at once rather than space out
my study

I do not usually make time to check my own working
to find and correct errors
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Computer confidence Lowest | Low | Neutral | High | Highest 5
1 2 3 4

As a male/female (cross out which does not apply) |
feel disadvantage in having to use computers
I have a lot of self-confidence in using computers

| feel more confident of my answers with a computer
to help me
If a computer program | am using goes wrong, | panic

| feel nervous when | have to learn new procedures on
a computer

I am confident that | can master any computer
procedure that is needed for my course

I do not trust myself to get the right answer using a
computer

If I make a mistake when using a computer | am
usually able to work out what to do for myself

Computer-Mathematics Interaction Lowest | Low | Neutral | High | Highest 5
1 2 3 4

Computers help me to learn better by providing many
examples to work through

I find it difficult to transfer understanding from a
computer screen to my head

By looking after messy calculations, computers make
it easier to learn essential ideas

When | read a computer screen, | tend to gloss over
the details of the mathematics

| find it helpful to make notes in addition to copying
material from the screen, or obtaining a printout

I rarely review the material soon after a computer
session is finished

Following keyboard instructions takes my attention
away from the mathematics

Computers help me to link knowledge e.g. the shapes
of graphs and their equations
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Appendix
Table 9. Component Matrix®
Component
1
CONFIMA 0.616
MOTIMA 0.657
COMPIMA 0.484
CONFICO 0.703
INTEMACO 0.624
Extraction Method: Principal Component
Analysis.
a. 1 components extracted.
Table 10. Anti-image Matrices
CONFIMA [ MOTIMA | COMPIMA | CONFICO | INTEMACO
Anti-image CONFIMA 0.869| -0.169| -0.029 -0.117 -0.121
Covariance MOTIMA -0.169| 0.836| -0.141|  -0.180 -0.029
COMPIMA -0.029] -0.141 0.927 -0.054 -0.099
CONFICO -0.117( -0.180[ -0.054 0.805 -0.215
INTEMACO -0.121] -0.029] -0.099 -0.215 0.854
Anti-image CONFIMA 0.730°% -0.199| -0.033 -0.140 -0.140]
Correlation MOTIMA -0.199| 0.691% -0.160 -0.219 -0.034
COMPIMA -0.033| -0.160[ 0.741° -0.062 -0.112
CONFICO -0.140] -0.219| -0.062 0.686% -0.259
INTEMACO -0.140| -0.034| -0.112 -0.259 0.6947
a. Measures of Sampling Adequacy(MSA)
Inverse of Correlation Matrix
CONFIMA | MOTIMA [ COMPIMA |CONFICO| INTEMACO
CONFIMA 1.151 -0.233 -0.036 -0.168 -0.163
MOTIMA -0.233 1.196 -0.182 -0.267 -0.040]
COMPIMA -0.036 -0.182 1.079 -0.072 -0.126
CONFICO -0.168 -0.267 -0.072 1.242 -0.312
INTEMACO -0.163 -0.040 -0.126 -0.312 1.171
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Reproduced Correlations

CONFIMA | MOTIMA | COMPIMA | CONFICO | INTEMACO
Reproduced CONFIMA 0.380°] 0.405| 0298 0433 0.385
Correlation MOTIMA 0.405| 04317 0318  0.462 0.410
COMPIMA 0208 0318 0234 0340 0.302
CONFICO 0433 0462  0.340]  0.494° 0.439
INTEMACO 0.385| 0410 0302] 0439  0.390°
Residual® CONFIMA 0125 -0173] -0172] -0.153
MOTIMA -0.125 0008 -0.151  -0.230
COMPIMA 0.173]  -0.098 0173]  -0.125
CONFICO 0172| 0151 0173 -0.107
INTEMACO 0.153| -0.230| -0.125|  -0.107

Extraction Method: Principal Component Analysis.

a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. There are 10
(100.0%) nonredundant residuals with absolute values greater than 0.05.
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