Bahir Dar j educ. Vol 16 No. 1 January 2016 Dawit, A.G. et al.

Predicting mathematics performance from anxiety, enjoyment, value, and
self-efficacy beliefs towards mathematics among engineering majors

Dawit Asrat Getahun®', Getachew Adamu®, Awoke Andargieb, Jejaw Demamu Mebrat®

“ Department of Psychology, College of Education & Behavioral Sciences, Bahir Dar University.
b Department of Mathematics, College of Science, Bahir Dar University.

Abstract: The purpose of this study was to examine first year students’ mathematics
anxiety, enjoyment of mathematics, value of mathematics, self-efficacy beliefs and prior
performance as predictors of performance on a first year university mathematics course
(Applied mathematics I). Data were collected from 225 first year undergraduate students
at Bahir Dar University at the beginning and at the end of the course. A rating scale
measuring anxiety (11 items), enjoyment of mathematics (14 items), value of
mathematics (14 items), mathematics problem solving self-efficacy (9 items) and
mathematics tasks self-efficacy (9 items) was used to collect data. The items were
adapted from the literature. The participants’ prior performance was assessed by
preparing a test from contents of high school mathematics and their performance on the
Applied Mathematics course was measured by preparing a test consisting of
representative items from the chapters of the course. One-sample t-tests and multiple
regression analyses were used to analyze the data. Results revealed that the participants
had lower mathematics anxiety, higher level of mathematics enjoyment and value of
mathematics. But self-efficacy beliefs were found to be below expected levels. Results
from the regression analyses depicted that mathematics enjoyment and mathematics tasks
self-efficacy were found to be significant predictors of mathematics problem solving self-
efficacy. On the other hand, prior achievement (performance on pre-university
mathematics) and self-efficacy beliefs were found to be significant predictors of
performance on the university mathematics course. The results imply the need for
enhancing students’ self-efficacy beliefs so as to promote their mathematics performance.
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The problem

Advancement in science and technology is essential for the society to come up with effective
solutions to the problems faced. In these days, technology is growing at a very rapid rate. Every
year, we see technologies of the preceding years becoming obsolete and substituted by new
innovations. Behind this scene of advancement in technology is mathematics, which is believed
to be the basis of all fields in the natural as well as the social sciences (AAAS, 1990). Hence,
the teaching and learning of mathematics needs to be given due consideration.

In most cases, mathematics is considered a difficult school subject (Countryman, 1992; Sobel
& Maletsky, 1999; Van deWalle, 2001). Students’ lower scores are mostly observed in
mathematics and mathematics related subjects, compared to other school subjects. For
example, observation of students’ grades for the last three years in the course Applied
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Mathematics I at Bahir Dar University shows a steady increase in the number of students who
score below passing grades. Observation of data for the years 2010, 2011, and 2012 shows that
38%, 53%, and 57% of the students who took the course in the respective years scored below a
passing mark of C. (See Table 1)

Table 1
Percentages of grades for the course Applied Mathematics I at BDU for the three years
Grade 2010 2011 2012.
A 6% 3% 5%
B 10% 13% 12%
C 46% 31% 28%
D 20% 20% 15%
E 11% 32% 33%
F 7% 1% 7%

Source: Mark lists from course instructors

However, the problem of low achievement may not be due to the inherent difficulty of the
subject but it may be related to the way students think about mathematics. What is the anxiety
level of students about mathematics? To what extent do students enjoy learning mathematics?
To what extent do students believe that mathematics is a worthwhile subject? What is the
level of confidence students have in doing mathematics tasks and problems? Such issues are
worth considering as they are essential factors for success in mastering mathematics
(Ashcraft & Ridley, 2005; Liu & Koirala, 2009; Pinxten, Marsh, De Fraine, Noortgate, &
Van Damme; Chouinard, Karsent, and Roy, 2007). Hence, this study was aimed at examining
first year undergraduate students’ anxiety, enjoyment, value of mathematics and their self-
efficacy in doing mathematics tasks and problems.

Anxiety denotes a feeling of tension towards some events or phenomena (Ashcraft, 2002).
Accordingly, mathematics anxiety is a feeling of tension or fear that interferes with
individuals’ engagement in manipulating numbers and solving mathematics problems
(Hembree, 1990; Kazelskis et al., 2000; Richardson & Suinn, 1972). Mathematics anxiety is
claimed to have some influence on students’ attitude towards mathematics, motivation to
learn mathematics and subsequently on their mathematics performance. Students who suffer
from higher levels of mathematics anxiety typically develop negative attitudes and emotions
toward mathematics that will consequently lead to a decreased level of achievement in
mathematics. In one study by Cates and Rhymer (2003), students’ level of mathematics
anxiety was found to be negatively related to their computational fluency in all areas of
mathematical computations. Those students with higher levels of anxiety were found to have
lower computational fluency and lower levels of achievement in mathematics. Besides its
role in influencing achievement in mathematics, mathematics anxiety influences students’
motivation to learn mathematics (May, 2009). Students with lower level of anxiety toward
mathematics are more likely to be motivated to learn mathematics (Middleton & Spanias,
1999) than those with higher levels of anxiety. As mathematics anxiety is so crucial in
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students’ learning, it is worth examining the status of anxiety among our undergraduate
students.

Another factor that may be attributed to low mathematics performance is low level of
mathematics enjoyment. Enjoyment denotes the degree to which students enjoy working
some tasks, such as mathematics, and the extent to which they are happy in a setting where
the task is undergoing, such as mathematics classes (Tapia & Marsh, 2004). It tells about the
extent to which students are happy and free from boredom when learning mathematics. It
shows the level of motivation students have for learning the subject.

Enjoyment also implies an emotion which is triggered by stimuli is an instinctive or intuitive
feeling. Though classroom experiences may be found meaningful and worthwhile, they may
not be enjoyable or exciting for learners (Brophy, 1983). Students are likely to demonstrate
curiosity to know, motivation to learn, and diligence (perseverance) in doing tasks when they
enjoy their learning (Carr, 1997; Lane, 1999; Le seur, 1994).

Literature on the effects of enjoyment on learning and achievement is scant (Schukajlow, et
al., 2012). Even the existing studies show contradicting findings. While some studies have
found that students’ enjoyment of learning correlates positively with their academic
achievement (Pekrun, et al., 2002), others indicated no relationship between achievement and
enjoyment (Pekrun, Elliot, & Maier, 2009). Such inconsistent results justify the need for
examining the extent to which enjoyment of a subject matter, mathematics in the context of
the present study, serves as a predictor of performance. Furthermore, it is worth studying how
students’ enjoyment in learning mathematics is related to other psychological variables.

The third possible factor that may influence students’ engagement in learning mathematics is
the value they place on mathematics. A value denotes the importance individuals attach to the
tasks they engage in (Eccles & Wigfield, 2002). Individuals are more likely to be motivated
to engage in tasks they value (Wigfield & Eccles, 1992). Likewise, a belief that mathematics
contributes to human civilization and in our everyday life tends to encourage students to
provide due consideration to the learning of mathematics. There are claims that students who
highly value mathematics are described by teachers as better learners (Metallidou & Vlachou,
2010). Hence, it is a necessity to examine the status of undergraduate students’ value of
mathematics as a factor in their performance.

Finally, self-efficacy belief is another important factor for students’ performance in general
and mathematics performance in particular. Self-efficacy refers to individual’s judgement of
one’s own ability to perform a task and achieve desired goals (Bandura, 1977). Self-efficacy
influences individuals’ choices of the kinds of tasks they would like to do as well as their
tendency to persist on difficult tasks (Luszczynska & Schwarzer, 2005).

Mathematics self-efficacy can be commonly defined as individuals’ beliefs or perceptions
regarding their abilities in mathematics. In other words, an individual’s mathematics self-
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efficacy is his or her confidence about completing a variety of tasks, from understanding
concepts to solving problems, in mathematics. As it is the case in other domains of tasks,
lower self-efficacy in mathematics decreases students’ motivation to learn and subsequently
results in lower mathematics achievement (May, 2009). Besides, as self-efficacy plays a
major mediational role in students’ task and career related choices, lower mathematics self-
efficacy likely leads students to avoid choosing mathematics related careers as well as
mathematics related college majors (Hackett & Betz, 1989).

In general, for low achievement in mathematics, there can be a multitude of contributing
factors. In the present study, the researchers wanted to examine the extent of undergraduate
students’ anxiety, enjoyment, value, and self-efficacy beliefs about mathematics and their
contribution in predicting performance in a mathematics course among freshman engineering
students at Bahir Dar University. Beyond informing the prevailing situation of the students
with regard to the variables of interest, the study has the benefit of giving direction to the
kind of intervention that will be meant to improve the mathematics performance of students.
Hence, it was aimed to answer the following research questions.

1. What is the extent of first year students’ anxiety, enjoyment, and value of
mathematics?

2. What is the extent of first year students’ self-efficacy beliefs in performing
mathematics tasks and in solving mathematics problems for pre-university and
university (pre-engineering) courses?

3. What is the contribution of affect-related variables (anxiety, enjoyment, and value
of mathematics) and students’ self-efficacy beliefs to performing mathematics
tasks and to self-efficacy beliefs in solving mathematics problems?

4. What is the contribution of affect-related variables (anxiety, enjoyment, and value
of mathematics), self-efficacy beliefs and prior performance to prediction of
university mathematics course performance?

Methodology
Design of the study

The study is a quantitative survey study meant to examine the contribution of anxiety,
enjoyment, value, and self-efficacy beliefs about mathematics to predicting mathematics
course performance among first year engineering majors.

Participants

The participants of the study were first year freshmen engineering students at Bahir Dar
University. Freshman engineering students register for a course titled Applied Mathematics 1
in the first semester of their entry. The course is a basic course for subsequent courses in
calculus. In 2013/14 academic year, the total number of the students who were registered for
the course was1600 distributed in 19 sections. A random sample of five sections, comprising
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350 students, was taken for the study. However, only 270 participants returned the
questionnaires distributed. Of these, 225 students responded to all items of the questionnaire.

Variables in the study

The variables examined in the study were mathematics anxiety, enjoyment of mathematics,
value of mathematics, mathematics tasks self-efficacy (coded as MTSE1 for pre-university
mathematics and MTSE2 for pre-engineering mathematics course), mathematics problem
solving self-efficacy (coded as MPSEI1 for pre-university mathematics and MPSE2 for pre-
engineering mathematics course), and mathematics performance (coded as Achl for pre-
university mathematics and Ach2 for pre-engineering mathematics course).

Instruments

Mathematics Anxiety Scale: This measured mathematics anxiety, using 11 items adapted
from items of the scales used in previous studies (Fennema & Sherman, 1976; Kalder &
Lesik, 2011). The scale was a five point scale ranging from 1 (strongly disagree) to 5
(strongly agree). While high scores in the scale represent higher level of anxiety, lower
scores represent lower level of anxiety. There were six items that needed reverse scoring.
Later reliability analysis indicated that the alpha coefficient estimate of reliability for the
scale was 0.86.

Mathematics Enjoyment Scale: This assessed enjoyment of mathematics, using 14 items
extracted and adapted from Aiken (1974), Kalder and Lesiki (2011) and Tapia and Marsh
(2002). Similar to the anxiety scale, it was a five point scale ranging from 1 (strongly
disagree) to 5 (strongly agree). Higher scores were made to represent high enjoyment and
lower scores to low enjoyment of working mathematics and being in mathematics classes.
There were three items which required reverse scoring. The alpha reliability estimate of the
scale was found to be 0.92.

Mathematics Value Scale: This was intended to measure the students’ perception of the
usefulness of mathematics in everyday life and to the world in general. Fourteen items were
adapted from Aiken (1974), Kalder and Lesiki (2011) and Tapia and Marsh (2002) to be used
in the scale. Similar to the above scales, it was a five point scale ranging from 1 (strongly
disagree) to 5 (strongly agree). Again, here higher scores represented high value and lower
scores did low value students give to mathematics. Three of the items required reverse
scoring. The alpha reliability estimate of the scale was 0.76.

Mathematics Tasks Self-efficacy Scale: This was meant to measure the students’
confidence in performing different mathematical tasks. There were two versions for this
scale: pre-university mathematics tasks (MTSE 1) and pre-engineering mathematics course
tasks (MTSE 2). By examining preparatory school textbooks, nine task areas were identified
and the students were asked to indicate the extent to which they can perform each task on a
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10 point scale ranging from 0 (no confidence at all) to 9 (compete confidence). Similarly,
after the completion of the pre-engineering mathematics course, nine task areas were
identified and students were asked to rate their level of confidence in performing each task.
The alpha reliability estimates for both versions were found to be 0.94.

Mathematics Problem Solving Self-efficacy Scale: This scale was meant to assess the
students’ confidence in solving specific mathematics problems derived from the mathematics
tasks described in the Mathematics Tasks Self-efficacy scales. Again, this scale had two
versions: one for problems derived from pre-university mathematics tasks (MPSE 1) and the
other for problems derived from pre-engineering mathematics course tasks (MPSE 2). A
problem solving item was constructed for each of the corresponding tasks in the Mathematics
Tasks Self-efficacy scales. For both versions, a 10 point scale ranging from 0 (no confidence
at all) to 9 (compete confidence) was used. While the alpha reliability estimates for MPSE 1
was 0.95, that of MPSE 2 was 0.93.

Mathematics Performance: The students’ mathematics performances were assessed using
the problems used to assess their problem solving self-efficacy. Two performance scores
were obtained: one based on their solutions to problems derived from pre-university math
tasks (Ach 1) and the second one based on their solutions to problems derived from pre-
engineering mathematics course tasks (Ach 2).

Data collecting procedures

The data collection procedure had two phases. In Phase One, scales designed to measure
mathematics anxiety, enjoyment of mathematics, value of mathematics, self-efficacy for pre-
university mathematics tasks (MTSE 1), and self-efficacy for solving pre-university
mathematics problems (MPSE 1) were administered during the first week of the first
semester (2013/14 academic year). In addition to completing the questionnaires, the students
were asked to solve the problems used to assess their problem solving self-efficacy. The
obtained result was used to represent their background knowledge of mathematics. In Phase
Two, after the students took a pre-engineering mathematics course, they completed self-
efficacy questionnaires for pre-engineering mathematics tasks (MTSE 2), and for solving pre-
engineering mathematics course problems (MPSE 2). Subsequent solutions to the problems
were used to represent performance in the course (Ach 2).

Data Analysis

The study was purely a quantitative study. The first objective of the study was to examine
whether the levels of the students’ mathematics anxiety, enjoyment of mathematics, value of
mathematics, and self-efficacy beliefs are low or above the desired level (Research Questions
1 and 2). That is to know the overall status of the students’ mathematics anxiety, enjoyment
of mathematics, value of mathematics, and their self-efficacy beliefs. Towards this end, a
series of one-sample ¢-tests were applied. The second objective of the study was to examine
which variables contribute to the prediction of pre-university mathematics problem solving
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self-efficacy (MPSE 1) and pre-engineering mathematics course problems self-efficacy
(MPSE 2) (Research Questions 3 and 4). Regression analyses were employed by taking math
anxiety, mathematics enjoyment, value of mathematics and pre-university mathematics tasks
self-efficacy as predictors of MPSE 1 and math anxiety, mathematics enjoyment, value of
mathematics and pre-engineering mathematics tasks self-efficacy as predictors of MPSE 2.
Finally, the students’ performance on the pre-engineering mathematics course was predicted
from math anxiety, mathematics enjoyment, value of mathematics, MTSE 2, and MPSE 2.

Results

As mentioned earlier, the first objective in the study was to examine the extent to which the
students’ mathematics anxiety, enjoyment of mathematics, value of mathematics, and self-
efficacy beliefs are at the desired level of occurrences. This was done by running one sample
t-tests for each of the variables. Following are the results of the analyses.

Mathematics anxiety

Before running one-sample t-test analysis, missing values were examined. Initially, four cases
were removed as the participants did not complete at least 50% of the items of the scale.
Furthermore, as 13% of the entries for Item 10 of the scale were missing, the item was
removed. The remaining missing values were substituted using the variable (item) means. In
this scale, higher scores indicate high level of anxiety and lower scores indicate low level of
anxiety. A response of agree (a rating of 4) was taken as an expected value to infer about the
anxiety level of the students. That is, in order to say that a student has a high level of anxiety,
he/she has to respond to an item as agree or above. On the basis of this, the expected total
score was set to be at 40 (since there are 10 items in the scale, rating each of these as 4 will
result in a total score of 40). Comparison of the obtained mean anxiety score (25.50) against
the expected value (40) revealed that the obtained mean anxiety score is significantly below
the expected value. This informs that the students’ mathematics anxiety is low. Table 2 shows
the one-sample #-test result for mathematics anxiety.

Table 2
One-Sample t-test Results for Math Anxiety Scale
Variable N M (SD) Expected Value df t p
Math anxiety 266 25.4493 40 265 -29.547 .000

(8.004)

Enjoyment of mathematics

Only one case, out of the 270 participants, was removed because of many (more than 10%)
incomplete data. Other missing values were substituted using variable mean substitution
method. As there were 14 items in this scale, the testing value was set to be 56 in order to run
the one-sample #-test. High scores in this scale represent high enjoyment; low scores, low
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enjoyment. In order to say that a student has really enjoyed mathematics, he/she has to at
least provide a response of agree in the scale — which was represented by a rating value of 4.
Hence, the summation score set as an expected value was 56 (14 items X 4). As shown in
Table 3, the obtained mean value (56.57) was not significantly different from the expected
value indicating that the students do really enjoy mathematics at the expected level.

Table 3
One-Sample t-test Results for Math Enjoyment Scale

Variable N M (SD) Expected Value df t p
Math enjoyment 269  56.57 (10.66) 56 268 0.88 ns

Value mathematics

One case with considerable missing data was removed. Other missing values were substituted
by variable means. Alpha coefficient of reliability was found to be 0.76. Similar to the
enjoyment scale, there were 14 items in this scale and higher scores indicate high value and
lower scores do low value. In the same way, a response of agree was taken as an expected
response. That is, if a student really values mathematics, he/she has to at least agree with each
statement, which was represented by a rating of 4. Thus, a total score of 56 was taken as a
testing value. As can be seen from Table 4, the students valued mathematics significantly
higher than the expected value.

Table 4
One-Sample t-test Results for Math Value Scale
Variable N M (SD) Expected Value df t p
Math value 269 60.29 (6.20) 56 268 11.35 .000

Pre-university math tasks self-efficacy

Out of 270 participants who were given the instruments, 245 judged their self-efficacy for the
tasks identified for pre-university mathematics. For missing values, variable means were
substituted. The alpha reliability coefficient of the scale was found to be 0.94. The scale was
intended to examine the extent to which students are confident in performing different
mathematics tasks which are the focus of pre-university mathematics. This was done using a
10-point scale ranging from 0 to 9. To determine the testing value, first, the range of the
scores in the scale was divided into three equal sections. The cut-off point dividing the
bottom-third and the middle-third sections was 3.33 and the one dividing the middle-third and
the top-third was 6.66. These values were obtained by dividing 10 by three. The divisions of
bottom-third, middle-third and top-third respectively represented low confidence, medium
confidence, and high confidence in pre-university math tasks. Based on this, to claim that a
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student has confidence in the tasks, he/she has to have an average rating of 6.66 or above or a
total score of 60 (6.6 X 9 items) or above. Hence, the testing value was set at 60. As indicated
in Table 5, the students’ self-efficacy in the pre-university mathematics tasks was
considerably below the expected indicating low self-efficacy.

Table 5
One-Sample t-test Results for Pre-university Math Tasks Self-efficacy
Variable N M (SD) Expected Value df t p
Math tasks self- 245  48.48 (17.55) 60 244 -10.28 <.001
efficacy 1

Pre-university math problem solving self-efficacy

By preparing mathematics problems corresponding to each of the mathematics tasks included
in the measure of pre-university math tasks self-efficacy, the students were asked to rate the
extent to which they are confident to solve the problems. For this scale, there were 254
respondents. Missing values were substituted by variable means. The alpha reliability
coefficient of the scale was found to be 0.95. To run the one-sample ¢-test for this case,
similar procedures and justifications to the case for pre-university math tasks self-efficacy
were used. The result of the analysis, as shown in Table 6, indicated that the students’ self-
efficacy to solve pre-university math problems was considerably lower than expectation.

Table 6
One-Sample t-test Results for Pre-university Math Problems Self-efficacy
Variable N M (SD) Expected Value  df t p
Math problems self- 254  49.69 (19.63) 60 253 -837  <.001
efficacy 1

Pre-engineering math tasks self-efficacy

After the participants completed a one semester pre-engineering math course, the tasks
covered in the course were identified and they were asked to rate their confidence in
performing the tasks. Out of 270 participants, 259 completed the questionnaire. But eight of
these respondents did not give complete responses; consequently, they were removed from
subsequent analyses. For the remaining 251 cases, missing values were substituted by
variable means. Alpha reliability coefficient was found to be 0.94. The same procedures and
justifications as the case for pre-university math tasks and math problems self-efficacy scales
were used to run the one-sample #-test. The result indicated that the students’ self-efficacy to
perform the tasks covered in the pre-engineering math course was considerably lower than
expected.

Table 7
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One-Sample t-test Results for Pre-engineering Math Course Tasks Self-efficacy

Variable N M (SD) Expected Value  df t p
Math tasks self- 251 47.88 (19.11) 60 250 -10.03  .000
efficacy 2

Pre-engineering math problems self-efficacy

Mathematics problems corresponding to each of the mathematics tasks included in the
measure of the pre-engineering math tasks self-efficacy were prepared. The participants were
asked to rate their confidence to solve them. Two hundred forty rated their confidence. The
missing values were substituted by variable means. The alpha reliability coefficient was
found to be 0.93. One-sample t-test result indicated that the students’ confidence was in
general considerably lower than the expected level.

Table 8
One-Sample t-test Results for Pre-engineering Math Course Tasks Self-efficacy
Variable N M (SD) Expected Value  df t p
Math problems self- 240  52.18 (19.88) 60 239  -6.10 .000
efficacy 2

Results from Regression Analyses

Three sets of regression analyses were conducted. Two of them were intended to see
predictors of mathematics problem solving self-efficacy (separately for pre-university math
(MPSE1) and pre-engineering math course (MPSE2)) and the third regression was meant to
predict performance on pre-engineering math course from sets of factors. Table 9 shows the
bivariate correlations of the variables involved in the three sets of regression analyses.
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Table 9

Summary statistics for correlations among variables, variable means, and standard deviations.

Variable Anxiety Enjoyment Value MTSE 1 MPSE 1 MTSE 2 MPSE 2 Ach 1 Ach 2
Anxiety 1.00

Enjoyment - 738%* 1.00

Value - 452%* S55%* 1.00

MTSE 1 -.664** 613%* 385%* 1.00

MPSE 1 -.584** S585%* 314%* 801** 1.00

MTSE 2 -.020 .055 .046 -.010 .046 1.00

MPSE 2 .026 012 .032 -.003 .044 909%* 1.00

Ach 1 -.449%* A491%* 206%* S559%* 620%* .050 .055 1.00

Ach?2 016 -.029 .088 -.012 .009 .609%* 620%* -.088 1.00
Mean 25.56 56.58 60.01 48.81 49.96 4891 52.40 3.89 3.55
SD 8.16 10.67 6.35 17.25 19.41 18.73 19.75 2.73 2.37

MTSE 1= pre-university mathematics tasks self-efficacy

MPSE 1= pre-university mathematics problem solving self-efficacy

Ach 1 = performance on pre-university math problems

MTSE 2= pre-engineering mathematics tasks self-efficacy

MPSE 2= pre-engineering mathematics problem solving self-efficacy

Ach 2 = performance on pre-engineering math problems
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1. Prediction of pre-university math problems self-efficacy (MPSE 1)

In order to know what factor(s) contribute for the participants’ confidence in solving
mathematics problems from their pre-university courses, a regression analysis was conducted
by taking math anxiety, enjoyment of math, value of math, and math tasks self-efficacy for
pre-university math as predictors. Collinearity diagnosis was conducted by looking at
Variance Inflation Factor (VIF) values as well as Condition Index (CI) and Variance
Proportion (VP) values. From these values it was evident that there was no problem of
collinearity.

The number of complete cases for all of the five variables was 225. The regression analysis
revealed that emjoyment of math and math tasks self-efficacy were the only significant
predictors for the students’ confidence in solving pre-university math problems (Table 10).

Table 10
Regression Analysis of Predictors on Pre-university Math Problems Self-efficacy
v —)

Variable B Std. Error  Beta t Sig. R R Adj. R
(Constant) 4.86 11.48 425 672 812 .659* 652
Math Anxiety -.025 151 -011 -.166 .868
Math Enjoyment  .319 A17 175 2.73 .007
Value of Math -.189 .145 -.062 -1.30 194
MTSE [1** .800 061 11 13.07 .000

Dependent Variable: pre-university math problems self-efficacy (MPSE 1);
*p <.001
** Pre-university math tasks self-efficacy

2. Predictors of pre-engineering math course problems self-efficacy (MPSE 2)

To know the factor(s) that contribute for the participants’ confidence in solving mathematics
problems from their pre-engineering course, a regression analysis was conducted by taking
math anxiety, enjoyment of math, value of math, and math tasks self-efficacy for pre-
engineering math course as predictors. The VIF, CI and VP values indicated that there was no
problem of collinearlity.

Similar to the previous regression analysis, the number of complete cases for all of the five
variables was 225. The regression analysis revealed that only pre-engineering math tasks self-
efficacy (MTSE 2) was the significant predictor for the students’ confidence in solving pre-
engineering math course problems (Tables 11).
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Table 11

Regression Analysis of Predictors on Pre-engineering Math Course Problems Self-efficacy
Variable B Std. Error  Beta t Sig. R R®  Adj. R
(Constant) 1.963  8.091 243 .809 911 .829 .826
Math Anxiety .089 .100 .037 .883 378
Math Enjoyment  -.040  .082 -.022 -.487 627
Value of Math 058 105 .019 557 578
MTSE 2** 960 .029 910 32.604  .000

Dependent Variable: pre-engineering math course problems self-efficacy (MPSE 2);
*n<.001
** Pre-engineering math course tasks self-efficacy

3. Predictors of pre-engineering course performance

In order to determine the factors that contribute for the participants’ performance on pre-
engineering course problems, a third regression analysis was conducted. The predictor
variables included were: math anxiety, enjoyment of math, value of math, pre-engineering
math course tasks self-efficacy, pre-engineering math course problem solving self-efficacy,
and pre-university math problems performance. The performances were assessed using the
problems presented to judge their self-efficacy beliefs. That is, after asking the students to
rate the extent of their confidence in solving the problems, they were asked to solve each of
them. While solutions to the pre-university math problems were taken to represent pre-
university math problems performance, those to pre-engineering math course problems were
taken to represent pre-engineering math course performance.

Results from the regression analysis revealed pre-university math problems performance,
value of math, pre-engineering math course tasks self-efficacy, and pre-engineering math
course problem solving self-efficacy as significant predictors. But math anxiety and math
enjoyment were not significant predictors of performance as the results of the analysis shown
in Tables 12 below.

Table 12
Regression Analysis of Predictors on Pre-engineering Math Problems Performance
Variable B Std. Error  Beta t Sig. R IS Adj. R°
(Constant) -909  1.794 -.506 613 .650 423* 407
Ach 1 - 110  .052 -.127 -2.111 .036
Math anxiety -019  .023 -.067 -.861 390
Enjoyment of math  -.022  .019 -.098 -1.148 252
Value of math .043 .023 A15 1.837 .068
MTSE 2 .033 .016 258 2.068 .040
MPSE 2 047 015 391 3.130 .002
Dependent Variable: pre-engineering math problems performance (Ach 2);
*p<.001
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Discussion and Implications

The results in general indicated that students had overall lower level of math anxiety, high
value to the contribution of math, and high enjoyment of math. The correlation results
indicated that math anxiety was significantly and negatively related to all other variables in
the first phase of the study (enjoyment, value, MTSE 1, MPSE 1, and Ach 1). Such a result
was also evident in studies which examined math anxiety in relation to performance
(Pourmoslemi, Erfani, andFiroozfar, 2013), self-efficacy (Meece, Wigfield, and Eccels,
1990), and perception of importance of math (Meece et al., 1990; Joseph, 2005; Sherman and
Wither, 2003). However, anxiety was not related to the variables in the second phase of the
study (MTSE 2, MPSE 2 and Ach 2). This can be due to the contextual nature of variables
involved. The MTSE 2 and the MPSE 2 represent self-efficacy beliefs towards tasks and
problems which are different from those used to assess MTSE 1 and MPSE 1. There is very
high likelihood that the students took into account pre-university mathematics as a reference
point in rating their level of anxiety. They would probably have taken into account pre-
engineering mathematics if there had been a second round assessment of their level of
anxiety.

The high value of math may emanate from the students’ awareness of the emphasis given to
science disciplines in the education system in general and the very essential role math plays
in the disciplines. Currently, 70% of students who have attended preparatory schools are
required to pursue their university studies in the fields of science and engineering.
Mathematics is a compulsory subject for these fields of studies. This might have instigated
them to think that mathematics is a very valuable subject area. The enjoyment they expressed
of math also corresponds with this result. The considerable level of overall enjoyment of
math the students revealed may be due to the perceived value of math by the participants.
Enjoyment denotes the degree to which students enjoy working mathematics and
mathematics classes (Tapia & Marsh, 2004). The enjoyment may also be a reflection of the
methodology of teaching being exercised currently at schools and universities. Nowadays, at
various school levels (including higher education), peer groups are organized for
collaborative learning which may be helping students develop a sense of cooperation. This
might have served as a source of their enjoyment.

Math self-efficacy (both task and problem solving self-efficacy) scores indicated that the
students have below expected levels of confidence in doing math tasks and solving math
problems. Given the high value of math as a subject and considerable enjoyment of it, it
seems paradoxical for the students demonstrating overall low level of confidence. This can be
explained in terms of the nature of measures used for the attributes. In case of the measures of
value and enjoyment, the items used were broader and less contextualized than items meant
to measure self-efficacy. In contrast, the self-efficacy measuring items presented to the
students were specific types of tasks and specific problems upon which the students can
specifically judge their level of confidence. However, regardless of the fact that the overall
level of confidence is low, still there are significant positive correlations among the
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dimensions of self-efficacy beliefs (math tasks self-efficacy and math problems self-efficacy)
and math value and enjoyment. Students with relatively better self-efficacy were found to
value and enjoy better math.

Results of the regression analyses revealed math tasks self-efficacy, together with math
enjoyment, as a significant predictor of pre-university math problem solving self-efficacy and
a sole significant predictor of the pre-engineering math problem solving self-efficacy. In both
analyses, it has been found that general confidence in doing math tasks significantly predicted
confidence to solve specific problems generated from the tasks. The significance of math
enjoyment as a predictor for solving pre-university math problems but not pre-engineering
math problems can be explained in terms of the context the participants might have
considered when responding to the enjoyment items. The enjoyment scale was administered
at the beginning together with pre-university math tasks and math problem solving self-
efficacy scales. When responding to the enjoyment scale, what might have come in the
participants’ thinking are the pre-university math courses. That is, they might have expressed
their enjoyment of math in the context of the pre-university math. The enjoyment of math
reported in such a context might not be representative of enjoyment on a pre-engineering
math course and hence may not predict problem solving self-efficacy on the course. If their
enjoyment had also been examined after they took the pre-engineering course, it would
possibly have been a significant predictor.

The study revealed prior performance and self-efficacy factors (both math tasks self-efficacy
and math problem solving self-efficacy) as significant predictors of performance in the pre-
engineering course. There are claims about the importance of prior knowledge and
performance for subsequent performance. According to the constructivist perspective,
learners’ prior learning and experiences are essential to develop new concepts (Beck &
Kosnik, 2006; Clements & Battista, 1990). Hence, the fact that the tasks at pre-university
math are essential prerequisites for the pre-engineering math topics might have contributed to
their prior performance’s (achievement on pre-university math) significant prediction of their
later performance (achievement on the pre-engineering course). Besides the participants’
prior achievement, and both math tasks self-efficacy and math problem solving self-efficacy
had significant contributions to the prediction of performance in pre-engineering course. This
is consistent with what a number of prior studies (Pajares & Miller, 1994, 1995) have
documented about the role self-efficacy plays in students’ performance.

In general, the study revealed that, rather than factors related to affective variable (anxiety,
enjoyment, and value), cognitive related variables (self-efficacy) and background related
variable (prior achievement) are important predictors of subsequent performance. The
implication is that it is worth working on enhancing students’ sense of confidence in doing
tasks so as to promote their performance. So far, efforts to improve students’ performance in
general, and mathematics performance in particular, focused on academic based interventions
such as giving tutorials or extra worksheets. Future interventions should go further and work
on the psychological aspects particularly on mathematics self-efficacy beliefs of students.
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