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Abstract. Mathematics plays a key role in engineering sciences as it assists to develop the
intellectual maturity and analytical thinking of engineering students and exploring the student
academic performance has received great attention recently. The lack of control over covariates
motivates the need for their adjustment when measuring the degree of association between two
sets of variables in Canonical Correlation Analysis (CCA). Thus to examine the individual
effects of mathematics in Level 1 and Level 2 on engineering performance in Level 2, two
adjusted analyses in CCA: Part CCA and Partial CCA were applied for the raw marks of
engineering undergraduates for three different disciplines, at the Faculty of Engineering,
University of Moratuwa, Sri Lanka. The joint influence of mathematics in Level 1 and Level 2
is significant on engineering performance in Level 2 irrespective of the engineering disciplines.
The individual effect of mathematics in Level 2 is significantly higher compared to the
individual effect of mathematics in Level 1 on engineering performance in Level 2.
Furthermore, the individual effect of mathematics in Level 1 can be negligible. But, there
would be a notable indirect effect of mathematics in Level 1 on engineering performance in
Level 2. It can be concluded that the joint effect of mathematics in both Level 1 and Level 2 is
immensely beneficial to improve the overall academic performance at the end of Level 2 of the
engineering students. Furthermore, it was found that the impact mathematics varies among
engineering disciplines. As partial CCA and partial CCA are not widely explored in applied
work, it is recommended to use these techniques for various applications.

1. Introduction

The studies on the factors that influence students academic performance has received great attention
among researchers. Several researchers have stated the importance of mathematical knowledge for
engineering students to develop their analytical thinking [1-3]. A study by [4] revealed that
mathematics in Level 1 is significantly influenced on students’ overall academic performance in Level
2 irrespective of the seven engineering disciplines at the Faculty of Engineering and the impact of
mathematics varies among engineering disciplines. This study is therefore to determine the individual
effect of mathematics in both Level 1 and Level 2 separately on engineering performance in Level 2.
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2. Materials and Methods

2.1. Data Description

The study was conducted with engineering undergraduates from three different disciplines namely:
Civil Engineeering (CE), Mechanical Engineering (ME) and Electronic and Telecommunications
Engineering (EN) at the Faculty of Engineering, University of Moratuwa, Sri Lanka for the academic
year, 2011/2012. Students’ examination marks of mathematics modules in Level 1 (i.e. semester 1
(S1) and semester 2 (S2)) as well as Level 2 (i.e. semester 3 (S3) and semester 4 (S4)) and all
compulsory engineering modules in Level 2 were used. Table 1 presents the mathematics modules
followed in each semester in Level 1 and Level 2.

Table 1. Mathematics modules in Level 1 and Level 2.

Academic Level Semester ~ Module Code Module Name
Level 1 S1 MA1013 Mathematics
S2 MA1023 Methods of Mathematics
Level 2 S3 MA2013 Differential Equation
MA2023 Calculus
S4 MA2033 Linear Algebra
MA2053 Graph Theory
MA3013 Applied Statistics

2.2. Unadjusted and Adjusted Canonical Correlation Analysis (CCA)

In this study unadjusted CCA and adjusted CCA: partial CCA [5] and part CCA [6] were used. The
CCA was used to examine the joint effects of mathematics in Level 1 and Level 2 on engineering
performance in Level 2.The partial CCA was used to find the individual effect of mathematics in
Level 2 on engineering performance in Level 2, when the effect of mathematics in Level 1 is removed
from both groups, as the students have already completed mathematics in Level 1 at Level 2. The part
CCA was used to determine the individual effect of mathematics in Level 1 on engineering
performance in Level 2 when the effect of mathematics in Level 2 is eliminated from engineering
performance in Level 2.

3. Results and Discussion

3.1. Correlation Analysis

Correlation analysis confirmed data are suitable for CCA as most of the mathematics and engineering
variables are significantly correlated (p<0.05) within their sets as well as between the two sets for all
disciplines. Thus, adjusted CCA (part CCA and partial CCA) for two semesters in Level 2 (S3 and S4)
were done separately for each engineering disciplines.

The marks of all compulsory engineering modules in two semesters (S3 and S4) in Level 2 are the
dependent set of variables, but the number of variables in both S3 and S4 varied based the
engineering disciplines. The results of unadjusted and adjusted CCA were summarized mainly
focusing on the mathematics variables.
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3.2. Impact of mathematics in Level 1 and semester 3 on the engineering performance in semester 3
The results of unadjusted and adjusted CCA for student performance in S3 by their engineering
disciplines are summarized in Table 2.

3.2.1. CCA. Mathematics modules in S1 and S2 in Level 1 and S3 are taken as the predictor set. The
p-value of Wilk’s lambda test statistics confirmed that only the first canonical variate pair is
statistically significant (p < 0.05) for all engineering disciplines. It implies that the first canonical
variate pair is sufficient to explain a significant amount of variability of the predictor set and
dependent variable set. According to the first canonical correlation (CC), it is clear that student
mathematics performance is strongly correlated with engineering performance in S3 for all disciplines
(CC >0.6). The proportion of the variance in the first canonical variate of engineering performance
explained by the first canonical variate of the mathematics performance varied from 39% (in CE) to
70% (in EN). The canonical loadings of mathematics variables reflect that all mathematics variables
are strongly associated with its first canonical variate except MA1013 in all disciplines. The
redundancy index of engineering indicates that the explainable variability of engineering performance
by the first canonical variate of mathematics varied from 12% (in CE) to 40% (in EN).

3.2.2. Part CCA. The two mathematics modules in Level 1 are the predictor set while mathematics
modules in S3 are the control set, which eliminates its influence from the dependent set. By referring
p-value of Wilk’s lambda test statistics, it is clear that at least a first canonical variate pair of part CCA
does not explain a statistically significant amount of variability of the predictor and dependent sets for
all disciplines (p>0.1). It implies that the linear relationship between mathematics in Level 1 and
engineering performance in S3 is not statistically significant with the effect of mathematics in S3
partialed out of the engineering performance in S3 for all disciplines. Furthermore, the first part
canonical correlations are found to be less than 0.5 for all disciplines. It confirmed that mathematics in
Level 1 is weakly correlated with engineering performance when the effect of mathematics in S3 is
eliminated from engineering performance in S3. The results of squared canonical correlations indicate
that the variation in the first canonical variate of engineering is explained by the first canonical variate
of mathematics in Level 1 is less than 18% for almost all disciplines. In addition to that, the
redundancy measures in all disciplines imply that amount of variability in mathematics and
engineering sets explained by their opposite first canonical variate are not sufficient.

3.2.3 Partial CCA. The two mathematics variables in S3 as the predictor set and two mathematics
variables in both S1 and S2 (in Level 1) as the control set, which eliminates its influence from both
predictor and dependent sets are comprised in partial CCA. With reference to p-value of Wilk’s
lambda test statistics, it is clear that the first canonical variate pair is sufficient to explain a significant
amount of variability of the predictor set and dependent variable set for all disciplines. Based on the
results of first partial canonical correlations, it can be seen that the mathematics in S3 has moderately
strong linear relationship with the engineering performance in S3 (CC > 0.5) for all disciplines except
CE discipline, when the effect of mathematics in Level 1 is removed. The squared canonical
correlations illustrate that the first canonical variate of mathematics accounted for 20% (in CE) to 55%
(in EN) of the variance in the first canonical variate of engineering and it reflects that mathematics in
S3 is significantly influenced on engineering performance in S3, even after the effect of mathematics
in Level 1 is removed. Moreover, the canonical loadings reveal that mathematics variables are strongly
correlated (>0.75) with their first canonical variates for all disciplines. The redundancy index of
engineering reflects that the proportion of variance in engineering performance in S3 explained by the
first canonical variate of mathematics also varied from 5% (in CE) to 23% (in EN).
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3.3. Impact of mathematics in Level 1 and Level 2 on the engineering performance in semester 4
The summary of results of CCA, Partial CCA and Part CCA for academic performance in S4 is
presented in Table 2 for the same three engineering disciplines.

3.3.1. CCA. As in Section 3.2.1, mathematics in S1 and S2 in Level 1 as well as S3 and S4 in Level 2
are taken as the predictor set. By referring the p-value of Wilk’s lambda test statistics, it can be said
that a significant amount of variability of predictor and dependent sets can be explained by the first
canonical variate pair. The first canonical correlations reveal that mathematics in both Level 1 and
Level 2 has a significantly strong linear relationship (CC > 0.7) with the engineering performance in
S4. According to the canonical loadings, mathematics in S1 (MA1013) is weakly correlated with its
first canonical variate whereas the remaining mathematics variables are significantly correlated with
their first canonical variate for all disciplines. The amount of variance in engineering performance in
S4 explained by the first canonical variate of mathematics in both Level 1 and Level 2 varied from
25% (in EN) to 34% (in CE) and it can be concluded that a considerable amount of variability in
engineering performance in S4 can be explained by the mathematics performance in both Level 1 and
Level 2.

3.3.2. Part CCA. The two mathematics variables in Level 1 are considered as the predictor set and the
control set which removes its effect from dependent set, contains mathematics variables in both S3 and
S4 in Level 2. With respect to the p-value of Wilk’s lambda test statistics, the first pair of canonical
variate in Part CCA is not statistically significant (p > 0.05) for all disciplines. This implies that at
least a first canonical variate pair of Part CCA does not explain a statistically significant amount of
variability of the predictor and dependent sets. Based on the results of part canonical correlation, it is
clear that mathematics in Level 1 has a weak association with engineering performance in S4, after
eliminating the effect of mathematics in S3 and S4. It is confirmed by the redundancy indices of
engineering performance, which found less than 5% of the total variance of engineering performance
that can be explained by the first canonical variate of mathematics in Level 1.

3.3.3. Partial CCA. The mathematics modules in S3 and S4 in Level 2 are the predictor set while
mathematics modules in Level 1 are considered as the control set. The first canonical variate pair of
Partial CCA is statistically significant (p < 0.05) as revealed by the p-value of Wilk’s lambda test
statistics. That is, the first canonical variate pair is sufficient to explain a significant amount of
variability of the predictor set and dependent variable set when the effect of mathematics in Level 1 is
eliminated from both mathematics and engineering performance in Level 2. As the effect of
mathematics in Level 1 is statistically controlled by partial correlation, the results confirmed that the
mathematics in S3 and S4 has a significant relationship with the engineering performance in S4
(>0.55). The squared canonical correlations show that the first canonical variate of mathematics
accounted for 31% (in EN) to 46% (in CE) of the variance in the first canonical variate of engineering.
Furthermore, the proportion of variance in engineering performance in S4 explained by the first
canonical variate of mathematics in both S3 and S4 varied from 13% (in EN) to 24% (in CE) after
adjusting for mathematics in Level 1.
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3.4. Comparison

According to the results of unadjusted and adjusted CCA for both academic performance in S3 and S4,
it can be seen that the level of adjusted canonical correlations; partial canonical correlations and part
canonical correlations are reduced due to the relevant adjustments. This implies that the joint effect of
mathematics in Level 1 and Level 2 on engineering performance in Level 2 is significantly higher
compared to the individual effects of mathematics in Level 1 and Level 2. By comparing the results of
partial CCA and part CCA, it is clear that the individual effect of mathematics in Level 2 is
significantly higher than the individual effect of mathematics in Level 1 on the students’ engineering
performance in Level 2. Moreover, redundancy measures of partial CCA indicate that the individual
effect of mathematics in Level 2 on engineering performance is significant, even after adjusting for
mathematics in Level 1. Conversely, the individual effect of mathematics in Level 1 on engineering
performance is not sufficient after eliminating the effect of mathematics in Level 2. Though the
individual effect of mathematics in Level 1 is not significant, it can be a sufficient indirect effect of
mathematics in Level 1 on engineering performance.

4. Conclusion

The joint effect of mathematics in Level 1 as well as Level 2 is significant on engineering performance
in Level 2 irrespective of the engineering disciplines. As expected, the joint effect of mathematics in
Level 1 and Level 2 on engineering performance in Level 2 is significantly higher compared with both
individual effects of mathematics in Level 1 and Level 2. Moreover, the individual effect of
mathematics in Level 1 is extensively lower compared with the individual effect of mathematics in
Level 2 on the students’ engineering performance. This reveals that it is not worth considering only
the individual effect of mathematics in Level 1 on engineering performance. However, there exists a
significant indirect effect of mathematics in Level 1 on engineering performance in Level 2.
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