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The Affective Side of Mathematics Education: Adapting a Mathematics
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Abstract: The purpose of this study is to determine the factorial validity of an adapted
“Attitudes towards Mathematics Inventory (ATMI)” measure. The ATMI was originally
developed by Tapia and Marsh (2004) in the western culture to measure attitudes
towards Mathematics. This paper reports the psychometric prosperities of the adapted
Ambharic version of the ATMI based on a sample of 385 Ethiopian university students
enrolled for Mathematics classes. Confirmatory Factor Analysis (CFA) procedure is
employed to test the factorial validity of the ATMI-Amharic. The results reveal that the
original four-factor model (Self-confidence, Enjoyment, Motivation, and Value) is
retained for the adapted ATMI-Amharic since no statistically significant difference (x’
1.827, p = 0.401; RMSEA < 0.0001) was found between the base and the observed
models. Further, a test of factorial invariance across gender groups and year-levels
also yielded that the model has measurement invariance revealing the ATMI-Amharic
is independent of gender and number of years in college. Besides, the coefficient
alphas for the four subscales (a = 0.78-0.89) and for the overall measure (a = 0.94) are
found to be high. The implications of the findings in relation to the psychometric
properties of the ATMI-Amharic and its use in Ethiopian context are discussed.

Keywords: Mathematics Education, Mathematics Attitude, Construct Validation,
University, Ethiopia

* Professor, School of Education and Training, Hawassa University, Ethiopia; and Research Fellow of the
Alexander von Humboldt Foundation, Institute of Educational Sciences, University of Tuebingen,
Germany.

** Mathematics Instructor, Department of Mathematics, University of Washington, USA. Corresponding
Address: Tesfaye Semela, PhD; P.O. Box 1130, Awassa, Ethiopia; email: tesfayes@hu.edu.et



mailto:tesfayes@hu.edu.et

60 Tesfaye Semela and Getachew A Zeleke

Introduction

Needless to argue about the indispensability of mathematics in learning science
and engineering, mathematics is a language in which people communicate with
the complexities of physical sciences and engineering. Mathematics has also
immense its contributions for advancement of scientific research in social and
behavioral sciences. Simply put, mathematics is the gateway into the realm of
science and technology. It is indeed, a “critical filter” (Sells 1973; 1980) since
student performance in mathematics determines their entry into prestigious
careers. Despite its apparent significance, the application of mathematical
knowledge and skills is limited in countries such as Ethiopia partly because of
the lack of attention given to affective factors; such as interest, anxiety, and
attitude towards learning mathematics.

Quite recently, however, there are some promising signs suggesting
mathematics is gradually getting its legitimate place in school/university
curriculum. One of these indications is related to the recent policy favoring
science and engineering (MoE, 2008). Evidently, the unfolding situation has
increased the currency of mathematics as an aspect of a school curriculum, and
also as a subject of scholarly research. Further, there are indications of political
will that goes beyond introducing a new policy which demands universities to
implement 70% enrollment in science and engineering. These developments
include the establishment of the Ethiopian Academy of Sciences (EAS) and the
upgrading of the former Science and Technology Agency (STA) to a status of a
ministry (i.e. Ministry of Science and Technology). In fact, the macro-level policy
measures are not an end in themselves unless they are accompanied by actual
improvements in the way young people are educated to be scientists and
engineers. The success of accumulating a stock of well-trained scientists and
engineers, to a large extent, depends on how well the education systems
nurture young people to achieve higher mathematics. Among other things, the
low mathematics performance of Ethiopian students (Mulu, 2009) naturally calls
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for a serious measure to improve mathematics learning from a range of
perspectives and academic disciplines.

On the other hand, the changing landscape at macro-level suggests the need
for a provision of high quality education for young people. Nevertheless,
improved quality of mathematics education depends on sufficient research
evidence on affective and cognitive aspects of mathematics education at all
levels of the education system. Research evidence on students’ attitude
towards mathematics is among the key areas of endeavor needed to fill the
research gap in the area. Attitude to mathematics is strongly related with
achievement in mathematics (e.g., Marsh, 1989), willingness to study, and
ability to succeed in the fields of physical sciences and engineering (Sells,
1980; Eccels, 1982). In particular, in a situation where the majority of high
school and pre-college students are achieving far lower than 50% (the minimum
required score) in mathematics and basic sciences (Mulu, 2009), there is an
urgent need to understand the affective aspects in learning mathematics that
impinge on the cognitive component..

Notwithstanding the level of importance attached to science and technology in
general, and to mathematics education in particular, there exists little empirical
evidence that contributes to the improvement of mathematics education. The
corpus of research in Ethiopian context is negligible since the majority of
studies largely addressed achievement and attitude differences between boys
and girls in primary grades (e.g., Seleshi, 1995; 2001; 2004; Tilaye, 2007). Little
attention has gone into exclusively adapting a measuring instrument for a wider
use (e.g., Seleshi 1995; 2001). In recognition of these gaps, the present study
makes a modest attempt at adapting a mathematics attitude measure i.e. the
Attitude towards Mathematics Inventory (ATMI), originally developed by Tapia
and Marsh (2004).
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Research Questions

This study is guided by the following research questions in order to establish
the psychometric characteristics of the adapted and translated version of
Attitude towards Mathematics Inventory (ATMI-Amharic):

1. Does the ATMI-Amharic possess factorial validity evidence?

2. Are the factor structures of the ATMI-Amharic independent of gender and
students’ year of stay (Year-Level) at university?

3. Does the ATMI-Amharic have acceptable reliability evidence?

Literature Review

This section reviews the existing theoretical and empirical literature on the
mathematics attitude construct and its measurements. Accordingly, first we
closely examine the most widely cited definitions and conceptualization of
mathematics attitude.  This is followed by a review of widely known
measurements of mathematics attitude. This is followed by a review of widely
known measurements of mathematics attitude. The last section of the review
identifies the reasons why educational researchers should care about the
measuring instruments.

Conceptualizing Mathematics Attitude

The conceptualization of attitude towards mathematics has never been uniform
and the definitions forwarded by scholars are as varied as the number and
perspectives of the researchers. In a classical work, Neale (1969) defined
attitude toward mathematics as an aggregated measure of “a liking or disliking
of mathematics, a tendency to engage in or avoid mathematics activities, a
belief that one is good or bad at mathematics, and a belief that mathematics is
useful or useless” (p.623). Similarly,Haladyna, Shaughnessy, and Shaughnessy
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(1983, p. 20) defined attitude toward mathematics as “a general emotional
disposition toward the school subject of mathematics”. The authors
nevertheless caution that their definition should not be confused with the notion
of attitude toward the field of mathematics, toward one's ability to perform in the
field of mathematics, or toward some specific area within mathematics (e.qg.,
geometry, word problems). Five years later, Hart (1989) came up with a multi-
dimensional notion of mathematics attitude which included emotional response,
beliefs regarding the subject, and behavior related to the subject. Most
importantly, Hart stresses that attitude toward mathematics is a function of the
emotions that students associate with mathematics, and their beliefs towards
mathematics. On the other hand, Ma and Kishor, (1997), extended Neale’s
definition by including affective responses related to the easy/difficult dimension
as well as the importance/unimportance dimension of mathematics attitude.

It is interesting to note that despite the variations in the way how researchers
define mathematics attitude, almost all underscore that mathematics attitude is
a function of a complex set of factors which include emotions, beliefs, interest,
and value (importance/non-importance). A review of existing literature on the
measurement of the construct provides additional insight into the reasons why
scholars in the field must deal with the complex task of operationalizing the
mathematics attitude construct.

Measurement of Mathematics Attitude

The quest for improving student achievement in mathematics apparently
brought the mathematics attitude construct to a closer empirical scrutiny. When
it comes to what specifically underpins the growing research attention at global
level, Haladyna et al.(1983) argue that a positive attitude toward mathematics is
valued because of a number of factors which according to the researcher
include:
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A positive attitude is an important school outcome in and of
itself; attitude is often positively, although slightly, related to
achievement; and, a positive attitude toward mathematics
may increase one's tendency to elect mathematics courses
in high school and college and possibly one's tendency to
elect careers in mathematics or mathematics-related
fields(p. 20)

In effect, since mid 1950s a number of researchers (e.g. Dutton, 1954;
Gladstone, Deal, & Drevdahl 1960; Aiken & Dreger 1961; Dutton & Blum, 1968;
Aiken 1974; Fennema & Sherman, 1976; Michaels & Forsyth 1977; Sandman
1980) endeavored to come up with a valid and reliable measure of mathematics
attitude. Nonetheless, some of these early measures were uni-dimensional (e.g.
Dutton, 1954; Gladstone, Deal, & Drevdahl 1960; Aiken & Dreger 1961) which
makes them less effective in terms of tapping the math attitude construct in its
entirety. As the research on the issue piled-up, and the construct understood
better, multidimensional measures started to emerge (e.g., Aiken 1974;
Michaels & Forsyth 1977; Fennema & Sherman, 1976; Sandman 1980). Aiken
(1974), for instance, developed scales designed to tap enjoyment of
mathematics and the value of mathematics. The ground breaking work,
however, goes to the popular Fennema-Sherman Mathematics Attitude Scales
(Fennema & Sherman, 1976). According to Tapia and Marsh (2004), this
measure has become one of the most popular instruments used in research
over the last three decades. And, as a result, several attempts were made to
adapt the instrument for use in different cultural contexts (e.g. Melancon,
Thompson, & Becnel 1994; Mulhern and Rae, 1998) The Fennema-Sherman
Mathematics Attitude Scales consist of a group of nine instruments made up of
108 items: (1) Attitude Toward Success in Mathematics Scale, (2) Mathematics
as a Male Domain Scale, (3) and (4) Mother/Father Scale, (5) Teacher Scale,
(6) Confidence in Learning Mathematics Scale, (7) Mathematics Anxiety Scale,
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(8) Effectance Motivation Scale in Mathematics, and (9) Mathematics
Usefulness Scale.

Notwithstanding the popularity of the Fennema-Sherman measure, the
inconsistent findings of subsequent studies (e.g., Liau, Kassim, & Loke, 2007,
McLean, & Templeton, 1988; Melancon et al. 1994; Mulhern & Rae 1998; Suinn
& Edwards, 1982; O’Neal, Ernest 1988) doubt on its validity and reliability (e.qg.,
O’Neal et al. 1988). Among these, Melancon et al. (1994) reported that their
findings failed to find a perfect fit with the model proposed by Fennema and
Sherman while Mulhern and Raes (1998) study on Irish sample identified only
six factors, which led them to conclude that the scales, might not measure what
they were intended to measure. In contrast, in similar validation study on
Malysian high school students Liau et al. (2007) confirmed Fennema-
Sherman’s earlier findings that had nine factors rather than six.

These irregularities in the Fennema-Sherman Mathematics Attitude Scales
(Fennema & Sherman, 1976) gave rise to the development of new instruments
including the Attitude towards Mathematics Inventory (ATMI) (Tapia & Marsh
2004). The ATMI conceptualizes mathematics attitude in terms of four
independent yet related dimensions; namely: self-confidence, enjoyment,
motivation, and value. According to the authors, self-confidence sub-scale
assesses the level of confidence to do math; enjoyment taps the extent to which
a student enjoys doing math; motivation refers to the level of motivation to do
Math; and Value component assesses the extent to which the student attaches
value to doing math. A part from being a recently developed measure, there is
sufficient evidence to suggest the ATMI has a strong construct validity and
reliability evidences a reported in subsequent studies (e.g., Tapia & Marsh
2004; 2005).
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Why the Measurement of Math Attitude is so Important?

Measuring mathematics attitude through reliable and valid instruments helps
educators and practitioners not only to identify individuals who hold negative or
positive attitude towards the subject, but also to understand why they behave
the way they do. On the other hand, the empirical relationship of mathematics
attitude with electing (or enrolling for) mathematics course, mathematics
achievement (e.g. Marsh 1989), and other cognitive and affective processes
that affect learning mathematics makes attitude measurement worthy of
research attention.

In recognition of its significance, there has been an ongoing effort to come up
with an effective instrument that reliably measures attitudes towards
mathematics (e.g., Fennema and Sherman, 1976; Michaels and Forsyth 1977,
Sandman 1980; Tapia & Marsh 2004; 2005). However, little has so far been
done in sub-Saharan African countries including Ethiopia. Research efforts to
develop culturally relevant math attitude measures is limited in Ethiopia only a
few studies made some attempt to adapt the instrument based based on the
existing literature on mathematics attitude (e.g., Seleshi 1995; 2001).
Developing measuring instruments that enable scholars and researchers
generate reliable data on affective aspect of science and mathematics
education is critical to improve the quality of learning and boost student
achievement. Most importantly, under the circumstances where the problems
surrounding education quality particularly in the basic science and mathematics
continues to challenge the higher education system the need for sustained
engagement of researchers becomes highly significant. Mathematics is a
‘critical filter’ for those who join science and engineering. Weakness in
mathematics is a formidable obstacle which prevents many from successfully
completing their studies in science, engineering or technology streams. For
instance, Waits and Demana (1988) revealed a strong relationship between
mathematics skills and success in college. Similarly, Stage and Kloostermen



The Ethiopian Journal of Education Vol. XXXII No. 1 June 2012 67

(1995) found that students who are under-prepared in mathematics courses
may be forced to change their career plans or even dropout of college.

Taken together, an issue of great significance for researchers in the field is to
find out whether the problems related to mathematics attitude are associated
with lack of mathematical skills or knowledge or whether it is because the
attitude of students towards mathematics affects their level of achievement on
the subject. Mathematics educators (e.g., Willoughby, 1990; Koch, 1992),
however argue that students will achieve better in mathematics if they like it.
They argue that there is a need for attention to be directed towards developing,
maintaining, and reinforcing positive attitudes towards mathematics. In this
connection developing reliable and valid instruments that measures attitude
towards mathematics is the logical point of departure.

As discussed earlier, a continued research endeavor over the last five decades
has produced several math attitude measures. However, the quest for a
shorter, yet reliable and valid instrument later yielded the Attitudes toward
Mathematics Inventory (ATMI). The ATMI was initially developed by Tapia
(1996) to tap six dimensions of math attitude: confidence, anxiety, value,
enjoyment, motivation and Parent/Teacher expectation (Tapia & Marsh, 2004).
Following an extensive item analyses and explanatory factor analysis, Tapia
and Marsh (2004) came up with a 40-item instrument that measures four factors
Self-confidence, Value, Enjoyment, and Motivation.

On top of its good psychometric qualities, the relatively short length of the ATMI
partly emboldened a wider use in different cultural contexts (e.g., Yee 2010; He
2007). However, it is not known if in fact, the four-factor model can be
applicable to Ethiopian context. Moreover, as the ATMI was developed for, and
standardized on a sample of students in the Western culture (in American), it
raises some concern that the instrument may be inappropriate for use among
Ethiopian students. By way of addressing this concern, the present study is set
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out to determine the factorial validity of the adapted ATMI-Amharic based data
generated on sample of Ethiopian university students.

Method
Participants

The study participants were randomly selected undergraduate students who
were enrolled for mathematics courses at Arbaminch University in the first
semester of the 2007 academic year. The sample was made up of 385 students
[(Male = 317 and Female = 68 (17.7%)] with mean age of 21.27 (SD = 2.23)
Years. The composition of the sample with respect to year level was: 104 (27%)
freshmen, 206 (54%) sophomore, and 75 (19%) senior students. A stratified
random sampling technique was employed to select a representative sample
from the three faculties (Business, Engineering, and Science) constituting ten
academic fields. The target population was then divided into ten different
groups based on the number of academic departments in which mathematics
courses were part of the curriculum. The study sample was then determined
using systematic random sampling procedure. Accordingly, the distributions of
the sample in the three faculties were: 40.7% from Science [i.e. mathematics (n
= 80), physics (n = 37), and computer science (n = 40) = 157], 40% engineering
[i.e. civil (n = 15), mechanical (n = 26), electrical (n = 25), irrigation (n = 57), &
hydraulic (n = 31) = 154], and 19.2% from Business [i.e. Accounting (n = 46) &
Management (n = 28) = 78] faculties.

Instrumentation

This study used the adapted ATMI (Attitudes towards Mathematics Inventory)
consisting of 40 items originally designed by Tapia and Marsh (2004). The
reason why this particular instrument was selected is because of its high
content-validity and construct-validity. Another reason for selecting the
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instrument was that, apart from its multidimensional nature, ATMI was the most
recent and the least complicated measure.

The original ATMI was first standardized on a sample of American high school
students and resulted in four factors identified as: Self-confidence, value,
enjoyment, and motivation. Self-confidence was measured by 15 items. This
subscale includes items like: "Mathematics does not scare me at all" and
"Studying mathematics makes me feel nervous". The Value scale consisted of
10 items: "Mathematics is a very worthwhile and necessary subject” and
"Mathematics courses will be very helpful no matter what | decide to study”.
Enjoyment was assessed using 10 items consisting of items such as: "l really
like mathematics" and "I have usually enjoyed studying mathematics in school".
The Motivation subscale consisted of five items including items like: "I am
willing to take more than the required amount of mathematics" and "The
challenge of mathematics appeals to me." As illustrated in Table 1, the alpha
coefficients for the four subscales were found to swing between 0.88 - 0.95
(Tapia & Marsh, 2004). Tapia and Marsh’s (2005) later study which employed
confirmatory factor analysis procedure on a sample of American college
students, once again substantiated the validity of the four-factor model.

The ATMI-Amharic

The ATMI-Amharic (emphasis is ours) measure was initially adapted and
translated into the lecturers studied Amharic Language by the Authors, and
later, subjected to a review by two university lecturers. One of the lecturers was
professional in mathematics and science education while the other studied
Ambharic and English Languages. The two lecturers reviewed the draft measure
in terms of (a) the accuracy of the translation (including back translation into
English), and (b) the extent to which the adaptation to Ethiopian culture was
made without altering the essence of the items. The feedback received
(including the use of most appropriate Amharic equivalents; conceptual
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discrepancies between the original and the adapted Amharic items) were then
incorporated into the final version of the ATMI-Amharic (see: Annex) before it
was administered for the final data collection.

The items were constructed using a five-point Likert-type format with the
responses ranging from “strongly disagree” = 1 to “strongly agree” = 5. Eleven
items of the ATMI-Amharic (i.e. Items: 9-12, 25, & 28) were reverse-coded
before the data analysis since they were negatively stated (see: Appendix B).

Procedure

The ATMI-Amharic was administered to a representative sample of 385 regular
undergraduates at Arbaminch University during normal class hours in the first
semester of the 2006/07 Academic Year. The instructors who participated in
data collection were given verbal and written instructions on how to administer
the instrument to make sure that the conditions were uniform for all
respondents. Likewise, the study participants were given directions on how to
record their answers before they started responding. The completed
guestionnaires were then returned to the respective instructors. No attrition of
participants was reported since all the respondents were willing to take part in
the study. Thus, no data was lost due to non-response or incomplete
information.

Data Analyses

The psychometric properties of the adapted ATMI-Amharic measure were
established through the following stages: (1) The internal consistency estimates
for the entire measure and the four sub-scales were established employing
Cronbach alpha (a); (2) The construct validity evidence of the anticipated four-
factor model for the adapted ATMI-Amharic measure was established using
Confirmatory Factor Analysis (CFA); and (3) Tests of factorial invariance across
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gender and year level were also conducted using CFA. CFA was preferred
since it enables us to establish a construct-validity evidence for the adapted
measure which is normally based on pre-established theory (e.g., Kline, 1998)
developed by Tapia and Marsh (2004). Further, CFA provides various model fit
indices that included: The Chi-square Goodness-of-fit, the Ratio of the Chi-
square Goodness-of-fit to the degrees of freedom, the Root Mean Square Error
of Approximation (RMSEA), the Goodness of Fit Index (GFI), the Normed Fit
Index (NFI), and the Expected Cross-Validation Index (ECVI). The statistical
software used for data analyses were AMOS 5 and SPSSWIN 15.

Results

This chapter presents the findings in view of the research questions identified
earlier. Accordingly, the first section discusses the internal consistency
reliabilities of the adapted ATMI-Amharic measure. The Cronbach alphas of the
adapted instrument will be compared with the original ATMI developed by Tapia
and Marsh (2004). Secondly, the findings related to the construct validity of the
ATMI-Amharic will be in order. Finally, the Invariance test on ATMI-Amharic will
be conducted for its independence as a function of gender and year level.

Internal consistency reliabilities

To determine the internal consistency reliability of ATMI-Amharic, Cronbach
alpha coefficients were calculated for the whole measure and the four sub-
scales. As shown in Table, the internal consistency estimates of the four
subscales were found to be between moderate to high with coefficient alphas
ranging from 0.79- 0.89 (i.e. 0.89 for Self-confidence, 0.83 for Value, 0.87 for
Enjoyment, and 0.79 for Motivation). The internal consistency reliability estimate
for the entire ATMI-Amharic measure is found to be 0.94. The coefficients
generally represent high reliability for the adapted instrument since all a
coefficients exceeded Cortina’s (1993) criteria of acceptance (i.e. a = .70).
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Evidently, the internal consistency estimates of the original ATMI and the ATMI-
Ambharic is slightly different. Similar pattern of findings were reported in related
studies which adapted math attitude measures in different cultural contexts and
samples (Liau et al, 2007; Mulhern & Rae, 1998). Likewise, the comparison of
the Means and SDs also indicates that the Ethiopian (Mean = 162.68; SD=
19.91) sample scored comparatively higher compared to the American (Mean =
137.36; SD= 28.93) sample. This may be because Tapia and Marsh’s (2004)
subjects were high school students while the sample used in the present study
were university undergraduates taking higher math courses. Thus, the
variations in the mean scores may be attributable to the nature of the sample.

Table 1: Internal consistencies reliabilities (r,) of the four attitude
dimensions of the Original and the adapted ATMI-Amharic. (N =

385)
ATMI-Amharic ATMI-English*
Math Attitude n  Mean SD a N Mean SD ar*
Dimensions
Enjoyment 10 40.27 6.04 0.87 10 3191 8.06 0.89
Motivation 5 19.28 354 079 5 15.99 495 0.88

Self-Confidence 15 60.11 862 089 15 51.10 13.13 0.95

Value 10 43.02 495 083 10 3837 6.74 0.89
Overall Scale 40 162.68 19.91 094 40 137.36 28.93 0.97

*As reported in Tapia and Marsh (2004); ** Cronbach alpha (a)
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Inter-correlation among the four factors reveals statistically significant linear
relationship (see Table 2 below) ranging between 0.49-80 (p < .001). Likewise,
the correlation between the entire ATMI-Amharic measure with the four factors
also suggests a strong linear association ranging from 0.65 — 95 (p < .001).

Table 2: Inter-correlations of ATMI-Amharic Factors

ATMI-A-Factors 1 2 3 4
1.Enjoyment - .80 0.77 0.57
2.Motivation - 0.70 0.52
3.Self-confidence - 0.49*
4 Value -
5. ATMI-Amharic® .95 .86 .65 .82

*All correlations are statistically significant at p < .001
Inter-ltem and Total-ltem Correlations

In order to determine the degree of systematic relationship of the ATMI-Amharic
with individual items, total-item correlations were computed. The results (see
Annex B) once again reveal a statistically significant correlation ranging
between 0.30-0.74 (p <. 01).
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Factorial Validity Evidence
Test of Fit of Measurement Model

The factorial validity of the adapted ATMI-Amharic measure was examined
using confirmatory factor analysis (CFA) employing a statistical software called
AMOS 5 (Field, 2005). Specifically, CFA with maximum likelihood method was
employed to evaluate the construct validity of the anticipated four-factor model
on a large sample of Ethiopian university students. The CFA procedure is
based on several measures to assess the model fit which included: the Chi-
square goodness of fit, the ratio of the Chi-square goodness of fit to the
degrees of freedom, the Root Mean Square Error of Approximation (RMSEA),
the goodness of fit index (GFI), the Normed Fit Index (NFI), and the Expected
Cross-Validation Index (ECVI).

Table 3: Confirmatory Factor Analysis Results of ATMI-Amharic

Model NPAR 42  df P x/df  GFI  NFI  CFI RMSEA

CFA* 8 1.827 2 0.401 0.913 0.998 0.998 1 000

*CFA = Confirmatory Factor Analysis; ECVI = 0.046; adj GFI = 0.988
Notes

NPAR = Number of parameters; df = degree of freedom; p = Associated probability; GFI
= Goodness of Fit Index; NFI = Normed Fit Index; CFl = Comparative Fit Index; RMSEA
= Root Mean Square Error Approximation; ECVI = Expected Cross-Validation Index

As shown in Table 3, the CFA revealed a Chi-square goodness of fit of 1.827
based on 2 degrees of freedom (df) with associated probability (p) of 0.401.
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According to Shumacker and Lomax (1996), a probability greater than 0.05,
indicates a good fit. Further, the goodness of fit index (GFI) and the adjusted
GFI were found to be 0.998 and 0.988 respectively. The GFI and GFI were also
higher than the required value of 0.90 (Shumacker & Lomax, 1996). The GFI
compares the similarity of the sample and the model covariance matrix. Thus, a
GFI of 0.998 shows 99.8% of the sample covariance matrix fits the population
covariance matrix.

Besides, the root mean square error of approximation (RMSEA) was less than
0.001. According to Hu and Bentler (1999), a value less than .06 implies a good
model fit. On the other hand, the normed fit index (NFI) was 0.998 with the
comparative fit index (CFI) of 1.000. Further, the expected cross-validation
index (ECVI) for both the model and the saturated model was found to be
0.046. According to Shumacker and Lomax (1996), the observed goodness of
fit indices represents a good model fit. From the findings, therefore, it can be
concluded that the four ATMI-Amharic factors (i.e. self-confidence, value,
enjoyment and motivation) adapted from Tapia and Marsh (2004) were found to
hold for the sample of Ethiopian university students.

Tests of Factorial Invariance of Measurement

In order to answer the question posed earlier as to the independence of the
ATMI-Amharic with respect to student gender and year level, a test of factorial
invariance was run. The procedure is specifically meant to find out whether or
not the adapted measure is unbiased with respect to student gender and year
of study in university. The findings are discussed in the paragraphs below.

Invariance with respect to gender

To find out whether the four-factor model ATMI-Amharic is dependent of
student gender, a multi-group comparison was conducted by constraining the



76 Tesfaye Semela and Getachew A Zeleke

measurement weight (the factor pattern coefficients) and letting structural co-
variances to be equal across the two gender groups. No significant differences
were found between the constrained and unconstrained models [x*(df) =
0.91(1) with associated probability (p) of 0.34 and RMSEA < .0001], indicating
that the model is valid for both male and female groups. Table 4 below presents
a detailed multi-group comparison fit indices.

Table 4. Factorial invariance test for gender groups

Model Step NPAR 4’ df p 7 Af GFI NFI CFl  RMSEA
Gender Groups

Unconstrained 16 2.28 4 0.68 0.57 1.0 .998. 1.0 000
Model (UM)

Constrained 13 6.7 7 0.46 0.96 0.99 0.993 1.0 000
Model-1(CM1)

Constrained 12 7.61 8 0.47 0.95 0.99 0.992 1.0 000
Model-2(CM2) 3

Model Ay Adf p AGFI  ANFI  ACFlI ARMSEA
Differences

Between UM & 4.42 3 0.22 0.005 0.005 000 000
CM1

Between UM & 5.33 4 0.26 0.005 0.006 000 000
CM2

Between CM1 & 0.91 1 0.34 0 0.001 000 000
CM2

Notes:

- Constrained Model-1 (CM1) = A model constraining the measurement weights to be
equal across the groups

- Constrained Model-2 (CM2) = A model constraining both the measurement weights and
variance of the variable Attitude to be equal across the groups

- NPAR = Number of parameters; df = degree of freedom; p = Associated probability; GFI
= goodness of fit index; NFI = Normed Fit Index; CFl = Comparative Fit Index; RMSEA
= Root Mean Square Error Approximation.
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Invariance across year levels

The test of factorial invariance as a function of year level was carried out. A
multi-group comparison was conducted constraining the measurement weight
(the factor pattern coefficients) and letting structural co-variances to be equal
across the three groups: First year, second year, and third year. No statistically
significant differences were observed between the constrained and
unconstrained models [y*(df) = 0.68(2); associated probability (p) = 0.71 and
RMSEA < .0001], suggesting that the model is valid across the three groups.
The detailed multi-group comparison fit indices is presented in Table 5 below.

Table 5: Factorial Invariance across Year-Levels

Model Step NPAR 7 df p 7/df GFI NFI CFI RMSEA
Year Level

Unconstrained 24 2.64 6 0.85 0.44 0.997 0.997 1 000
Model (UM)

Constrained 18 9.14 12 0.69 0.762 0.988 0.99 1 000
Model-1(CM1)

Constrained 16 9.82 14 0.78 0.701 0.988 0.989 1 000
Model-2(CM2)

Model Ay Adf p AGFI ANFI  ACFI ARMSEA
Differences

Between UM & 6.5 6 0.37 0.011  0.007 000 000
CM1

Between UM & 7.18 8 0.52 0.011  0.008 000 000
CM2

Between CM1 & 0.68 2 0.71 .000 0.001 000 000
CM2

Notes:

-Constrained Model-1 (CM1) = A model constraining the measurement weights to be equal across the
groups

- Constrained Model-2 (CM2) = A model constraining both the measurement weights and variance of
the variable Attitude to be equal across the groups

-NPAR = Number of parameters; df = degree of freedom; p = Associated probability; GFl = goodness
of fit index; NFI = Normed Fit Index; CFlI = Comparative Fit Index; RMSEA = Root Mean Square Error
Approximation
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In short, from the above findings it can safely be concluded that the ATMI-
Amharic possesses a good psychometric properties and can be used to
measure attitude towards mathematics among Ethiopian university students.
Further, the tests of factorial invariance across gender and year level yielded no
statistically significant differences between the constrained and unconstrained
models suggesting that the ATMI-Amharic measure equally treats male and
female students as well as students at different year levels of study.

Conclusions

Considering the urgency to improve the quality of science and engineering
education in general and mathematics education in particular, the present study
made a modest attempt at adapting a measure of mathematics attitude. Apart
from the small contribution it makes, the study article is designed to serve as a
point of departure for other affective measures to be developed in the future
since addressing the cognitive side of mathematics learning depends on the
former. As it turned out, the observed psychometric properties of the ATMI-
Amharic provided sufficient evidence of a good measure. First, the ATMI-
Amharic is a reliable instrument as it delivered high internal consistency
reliability indices. Second, the confirmatory factor analysis evidenced that the
ATMI-Amharic measure, which is based on pre-determined theory and data
structure (Tapia & Marsh 2004), can be considered equivalent to the original
instrument. The results further reaffirmed the four-factor structure which was
found among high school (Tapia & Marsh 2004) and college students in
America (Tapia & Marsh 2005). Thus, the findings of the present study warrant
the use of the ATMI-Amharic among Ethiopian university students.

The current study also noted out that the four-factor structure has measurement
invariance across student gender and year level. This implies that the
mathematics attitude scores obtained through the ATMI-Amharic equally serves
male and female students and students at different levels of study at
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college/university. Thus, the ATMI-Amharic holds promise for providing
researchers and educators (with a brief albeit dependable), measure of
attitudes toward Mathematics in the Amharic Language — A Language of nation-
wide communication. Besides, the ATMI-Amharic can further be adapted to
different local contexts and languages (such as Afan Orom and Tigregena,) as
well as grade levels (primary and secondary) to improve the current precarious
state of mathematics education in Ethiopia.
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Annex A
Item ATMI-Original ATMI-Amharic
No.
1 Mathematics is a very worthwhile and AN NMP° MPoLG WNdAL CTIVCT 98T
necessary subject 10-::
2 | want to develop my mathematical skills Eihnﬁvnn FVCT P Moo AvaeET 107
INU-::
3 | get a great deal of satisfaction out of PN TLEPTT (CICNAITT) 206 W s
solving a mathematics problem Ravd.n AChTT WSOV
4 Mathematics helps develop the mind and AN PO AL hh°Ca? [h38.501CS P70
teaches a person to think Taed@000 A24A0NA £THA::
5 Mathematics is important in everyday life A AN AND- AL PONT HONT TC ANLAL TIPVCT
1@-::
6 Mathematics is one of the most important A AN 0N ANLALS Amr hoLI0To- ¢19°uC T
subjects for people to study heITT i8S 10
7 Math courses would be very helpful no PHE®39° PHUCT oo ATITST NonF9°
matter what | decide to study NhAE/RLNCAA PTLAM- PhAN hCHT nm9®
LmPbao-F::
8 | can think of many ways that | use math Pch.ANT AT nTFIVCT OF @6h, TP AD.A
outside of school CULENTA N A%1e-6T AH8ATT hlSAU-::
9@ Mathematics is one of my most dreaded A AN NN° heLeNEST CFIUCT 98T WS
subjects -
10% | My mind goes blank and | am unable to AN ao2lel NEIPC WA Ce 0L NATLPAT
think clearly when working with NFaRd Agondl ANTAT:
mathematics
119 | Studying mathematics makes me feel A ANT7 071G I ALNAAY-::
nervous
12% | Mathematics makes me feel uncomfortable | d.AN A% K7 P90LAT T9UCT hRLAT:
13¢ | am always under a terrible strain in a 0ch AN AFA LN U6 hETE 7T o0
math class ANMAU-::
149 | When I hear the word mathematics, | have | Al P7LA@7 A 00T CTAF 07T LOTTTA::
a feeling of dislike
159 | It makes me nervous to even think about PO TEET Aoohie-T TN A7 -0
having to do a mathematics problem R LT A::
16 Mathematics does not scare me at all A AN NEN APNLLAT::
17 | have a lot of self-confidence when it AAN7 NFeodnt WeHT 060 Poot@lavy T
comes to mathematics a7y
18 | am able to solve mathematics problems ChAN TLEPTT 04 FIC ALITovY oohéT
without too much difficulty CFrAAU-::
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19 | expect to do fairly well in any math class | | “77 @79 ¢h.AN7 hCh NN T¢ @M
take ChooMAy- N8 A19°3AU-::

20@ I am always confused in my mathematics NhAN a%A L Uh 602000~
class

21% | I feel a sense of insecurity when attempting | dv.a17 Aovdé-T 15 av-hé- ALCT  NFOe3
mathematics LAao- 1oy AT BATIFA::

22 | learn mathematics easily A AN7 NPAN [L8AY-::

23 I am confident that | could learn advanced NLLEF®- AP P& PhAN PCOTF NTIC Co.m,J-o7
mathematics a1L9° 7 (el 21a05AU-::

24 | have usually enjoyed studying PhAN TIVCT ao®IC AL NAHE D LOLATTN::
Mathematics in college

259 | Mathematics is dull and boring Ph AN TI°VCT LNJHT PUILOATS AOATE 10

26 I like to solve new problems in mathematics | A%%0 Phafl TLLPT7 (TCNAICT7)

aolid-t OmBAY-::

27 | would prefer to do an assignmentin math | N&Ad-® (essay) h*LINAD- LAF NhAN PULACDF
than to write an essay et 2¢ DooCMnav-::

28% | 1 would like to avoid using mathematics in | .AN7 ¢oLmet T0CHT MbAE @-0T 0LAMm:

29 | really like mathematics A ANT 06L7T ToSAU-::

30 I am happier in a math class than in any hAAT CTUCHT BAP NhAN hTA LH POAM
other class LOHF T

31 Mathematics is a very interesting subject A AN M9 eLenLnT CTPVCT 48T 1w

32 I am willing to take more than the required WP 1AL 46714 Ph AN hCOTT NONE
amount of mathematics FATE @

33 | plan to take as much mathematics as | 010G AL TIPAU- (HFA oo A Pch, A
can during my education hCOTT Ao ™IC hPAAV-::

34 The challenge of math appeals to me PhAN ¢nnC (0-£LC) AL ANLATS 7940, 1o-:

35 | think studying advanced mathematics is LLET@- AP PA- ChAN hCOTT 2ITST ML
useful 10~ N ANNAU-::

36 | believe studying math helps me with NAAT aoOhT AL ITao TICT  avith
problem solving in other areas AT D AN oTIC LA A% APPSOV

37 I am comfortable expressing my own ideas | h1& ¢h.AaN TeE (ICNAI) N9 T LR
on how to look for solutions to a difficult TLE®7 Aao it 097 W@ e av-hd-
problem in math 0.l [WISANT (FLD.D oo 1dd oo I0R ATAAU-::

38 | am comfortable answering questions in 0hAN ATA LR ATLa0 TEEDT NFL0 hot
math class aoi\(i [ThOMAY-::

39 A strong math background could help me in | m7hé- PhAN aow it ha N@LEE P74 (Pao-f)
my professional life ALk ALSY LTAN:

40 | believe | am good at solving math Pch.AN TLELTT Naoprlrt L1 Té Toed
problems AP0 hICGAU-:
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©tems reverse coded before the analysis

Dimensions/Subscales

S.No. Dimensions/Subscales Item NoO
1 Self confidence Né-0 oo+9a0} | 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 & 40
2 Enjoyment HLATYE O 3,24, 25, 26, 27, 29, 30, 31, 37 & 38
3 - ENTITER 23,28,32,33 & 34
Motivation
4 | value M+ 10] 1,2,4,5,6,7,8,35, 36 &39
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Annex B

Means, SDs, and Total-ltem-Correlations for ATMI-Amharic

Item No. Items Mean SD r*
1 AN NN9° MPoLG andAL CFIVCT 28T 1o 4.58 0.64 0.52
2 ChAN TIVCTH MPoL Mool avd-t7 29427 [K.A200-:: 4.63 0.61 0.50
3 PN TELPTT (ICNALITT) 204 hebE [(Rooidd AChFT A5 4.41 0.81 0.59

AU-::
4 AN PO AL AR Ca? Th74.50C P00 TFa- o000 4.41 0.78 0.51
ATSATIA LA
AN AND: AE CONE O TC ANAAL TIPVCT 10 4.24 0.82 0.35
A AN NMI° ANLALS AMT WPLIVT @ CFI°VCTH ALTET A% 10 408 0.78 0.47
T m39° ¢ H9UCTH avhnl ACTTST NONTY® NhAE/RLNCA L 4.28 0.82 0.30**
PULAM AN DCOT NM9° EmPboo5A::
8 ChAN? Ad-P1 nTI°VCT WF @6h, TPI° AD.A PULLENTA NH: 4.14 0.89 0.42
A% T ATENTT hlBAU-::
9 AN NM9° h9L.e04.47F PHIPVCT G2 PT A8 1o 3.98 1.19 0.52
10 A AN aordot NEIPC ARIPCE 02 QALY NFand Agondt 4.36 0.88 0.45
hNTAI::
11 A ANT N7IMS M AlNAAU-:: 4.30 0.93 0.47
12 AAN AL 9°FFT COLAT FIUCT ALLAYT:: 4.28 0.89 0.62
13 AN aea 1LH U0 W s 7+ 00T A1AU-:: 4.41 0.80 0.62
14 A AN PTLADT PA ONTT CTAF 0T LATTITA:: 4.48 0.84 0.61
15 ChAN TEET AaohiT T10NI° LT Né-O BLNATA:: 4.35 0.92 0.54
16 AN NFET PO 3.69 1.22 0.54
17 A AN7 oot heHE 060 Pootolavy (b ANT:: 3.81 0.91 0.66
18 Pch.AN TLLDTT 09N TIC ARIT o0 oot [Fraay-:: 3.32 0.94 0.59
19 NE® 79 PhAN? hCh NoNe T4 @mst ThooMAy- g 3.84 0.83 0.65
a19° 3O U-::
20 Ndh.AaN a5A LH U 2602000 4.10 0.88 0.54
21 AANT Agehét 16 ao-hé- ALCT  NFoed e Paoot29a0 9%+ 3.71 0.98 0.56




The Ethiopian Journal of Education Vol. XXXII No. 1 June 2012

89

LATTIFN::
22 hANT NPAN TLSAD-:: 3.65 0.86 0.53
23 NLLET® AT PA- PhAN DCATF NIC Oo.m.J-o7 A729°7 3.86 0.88 0.66
LA t21a05AU-::
24 Ch.AN TI°VCTH aoIC AL NANHT @ LOLNTTA:: 4.24 0.91 0.55
25 P T9PUCT 20N POILATS AONT 10-: 4.31 0.90 0.60
26 n88.0 Ph.afl TeePT7 CICNAITF) aotid-t OmSAU-:: 3.93 0.89 0.66
27 N h-G (essay) h?LIMAD AP Nh AN POLAL-DF PO £7¢- 3.95 1.07 0.54
UeoCMAY-::
28 A AN7 PULmed FVCHT MhAE @0 T 18am- DeeCNAY-:: 4.39 0.90 0.54
29 A AN7 NOL7T Omsay-:: 4.23 0.78 0.72
30 AT CTUCET BAP NAhAN 1eA LH eAm LaHE v 3.83 1.02 0.67
31 AN NMge o enLat VG 28T - 4.13 0.84 0.74
32 nL.mNPNT 1AL 6?14 Ph AN hCOTT NN GATE 10 3.55 1.12 0.62
33 0 H9°uCH AL OPAU- NFFA aom? K Pch.AN hCATT AgoIC 3.58 0.96 0.66
hPBAY-::
34 Ph.AM 4-nnC (-2 LC) Ay ANLATS 294-h, '1@-:: 3.90 0.92 0.68
35 LLEBTM® AP P ChAN DCOTT 297G T MmPoL 10~ NS ANNAU-: 4.10 0.84 0.54
36 NN gohp T A21L 2T oo FICT  oo@Tdvy Agonmt hANT ao%IC 410 0.83 0.48
£LEN N AT GAU-::
37 nng ehAan Tee (ICNAIS) N9LLeIT9° L TPe®7 Agorr it 3.61 0.84 0.61
N9°7 AL H& ao-né- ool Th18ANT LD avid. aoInk
ATAAU-::
38 NAhAN 284 LH A%L10 TLEPLT 400 0Lt oo ChAMAY-:: 3.64 0.84 0.59
39 M7e Ph AN oowld NN (OLLE e (Poo-f) hemk ALST 4.25 0.90 0.45
LTAA::
40 ChAN TLELTT Naoreot 418 Té Tt AT80T hI°GAU-:: 3.84 0.77 0.60
Overall 162.68 19.91 1

* Total-item correlations; ** p < .01 ; All are statistically significant at .01 levels
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Annex- C: ATMI-Amharic ltem Inter-correlation matrix

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

1 - 049 034 029 039 044 023 0.4 018 015 014 027 031 0.22 025 018 027 027 026 032 026 019 024 018 027 031
2 - 045 041 032 042 016 037 013 015 0.2 025 0.24 0.29 024 023 022 019 030 0.2 019 013 024 011 0.3 0.27
3 - 039 019 028 022 028 032 024 028 035 038 0.44 0.4 031 03 026 036 028 030 025 030 027 032 038
4 - 025 042 018 025 012 014 019 026 029 0.32 031 022 024 031 031 025 025 018 033 019 031 031
5 - 043 017 048 -.02 0.04 006 014 011 0.17 016 007 016 012 016 018 013 012 018 010 021 0.23
6 - 0.25 0.4 0.09 013 0.1 023 0.24 0.21 024 006 019 023 022 026 017 016 023 018 029 0.29
7 - 028 011 013 014 019 015 0.14 0.13  0.10 0.1 017 019 026 008 014 010 014 011 0.08
8 - 006 012 009 021 012 0.15 0.2 013 014 017 014 017 017 0.16 0.2 013 023 0.27
9 - 042 044 043 045 0.33 034 033 037 025 035 033 0.2 027 027 029 025 0.3
10 - 051 037 035 0.35 034 026 024 023 028 033 024 024 023 027 019 019
11 - 043 044 0.45 043 036 023 018 0.27 0.3 024 023 028 0.2 031 023
12 - 0.58 0.56 0.4 034 043 028 036 035 031 031 039 034 037 033
13 - 0.64 052 038 042 032 036 043 033 0.2 036 041 040 037
14 - 052 038 039 033 03 035 032 022 039 036 037 031
15 - 0.3 0.32 0.3 029 034 028 021 032 021 034 033
16 - 045 034 033 022 023 029 033 025 030 034
17 - 049 047 028 042 043 052 036 038 045
18 - 049 027 0.4 042 041 028 028 036
19 - 0.4 035 044 044 032 032 043
20 - 038 026 032 028 029 028
21 - 034 039 032 028 032
22 - 048 032 022 037
23 - 043 042 046
24 - 041 036
25 - 0.42

N
=
'
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Annex-C (Cont’d)

27 28 29 30 31 32 33 34 35 36 37 38 39 40

1 021 029 029 027 036 028 027 031 037 03 029 027 039 025
2 024 028 030 032 037 028 031 029 029 028 025 029 033 023
3 029 033 042 041 043 030 033 039 028 018 027 033 016 0.28
4 022 025 033 031 032 029 030 033 027 027 022 029 025 031
5 011 011 017 013 018 019 019 019 028 029 023 020 033 012
6 015 018 026 024 031 028 031 025 038 037 020 028 034 018
7 002 012 015 008 018 010 013 014 015 019 012 015 017 012
8 016 018 019 019 028 026 025 019 029 032 027 025 040 015
9 025 037 033 029 036 026 031 034 015 015 028 029 004 024
10 016 029 027 022 028 010 017 024 010 016 025 024 012 0.26
11 013 029 027 019 028 019 018 022 018 012 019 015 006 0.14
12 025 034 037 039 046 030 035 035 018 018 030 029 020 035
13 030 033 041 033 036 025 033 034 023 022 030 027 016 0.28
14 025 034 046 039 0.4 030 029 034 024 0.2 027 025 012 029
15 0.17 0.3 034 028 034 022 028 031 024 015 028 019 018 020
16 030 022 041 037 037 02 027 033 021 017 028 031 017 031
17 035 029 0.5 044 044 041 043 044 032 0.2 044 035 024 040
18 0.28 0.3 0.48 0.4 038 041 037 037 029 019 038 038 018 0.38
19 038 026 048 045 046 046 043 044 028 033 043 040 020 045

20 019 032 031 028 035 026 032 028 0.29 0.3 025 024 015 024
21 024 032 043 041 043 028 032 037 033 019 044 035 018 031
22 032 016 039 041 041 034 030 0.3 018 016 0.33 0.3 014 042
23 032 034 051 047 051 044 044 044 037 028 041 037 019 042
24 036 032 0.5 0.4 044 025 034 033 028 018 0.3 0.28 019 0.36
25 030 035 043 038 045 034 0.4 039 033 026 031 036 030 026
26 042 037 054 044 046 043 052 051 039 027 039 039 028 037

27 - 0.3 043 046 039 036 038 041 0.16 0.3 039 031 023 038
28 - 048 026 038 026 029 032 024 024 028 031 018 025
29 - 054 065 043 042 0.5 038 023 037 038 024 046
30 - 0.67 0.5 053 053 029 019 032 036 022 047
31 - 052 052 054 0.4 0.3 039 038 033 044
32 - 063 052 036 029 036 035 021 042
33 - 062 041 028 039 041 029 042
34 - 041 029 042 048 030 045
35 - 041 032 028 045 027
36 - 036 029 048 026
37 - 052 035 047
38 - 0.28 043
39 - 0.34
40 -

Note: The letters representing the respective factors: E = Enjoyment; M = Motivation, C = Self-confidence, V =
Value; and the numbers indicate the item no. in the questionnaire



