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Abstract.The aim of this study is twofold: 1) to align the Attitude towards
Math Inventory so that it fits the construct of an attitude and 2) to investigate
the psychometric properties and possible gender biasness in the inventory. The
short version of the attitude towards math inventory was modified to fit the
typical construct of an attitude by including a behavioral subscale and removing
the subscale pertaining to self-confidence. The inventory was then administered
to a sample of 419 tertiary level students (181 male, 238 female) enrolled in a
mathematics course. Data was subsequently entered into WINSTEPS ver 3.92
for Rasch analysis. Results indicated that the three dimensions were consistent
with the attitude construct of affect, behavior and cognition. Items in the
inventory demonstrated low local dependency, targeted the sample reasonably
well and were a relatively good fit for the data. Both person and item separation
indicated a high reliability. There were no substantial differential item
functioning effects for gender. Evidence from the study indicates that the
modified scale is a valid instrument to assess attitude as defined by attitude
researchers. Educators may wish to use the scale to measure a student’s attitude
for early interventions or for future research purposes.

Keywords:Rasch analysis, Differential item functioning, Attitude towards
Mathematics Inventory, Scale validation.

1 Introduction

In many undergraduate programs such as engineering or computer programming, it is
increasingly common for mathematics to be a core or elective subject. However, even
after years of studying mathematics in secondary education, many students still
perceive the subject as difficult and one that causes least enjoyment [1] [2]. Several
reasons for this have been put forward but many educators would agree that a
student’s attitude towards mathematics plays a major role. The development of a
positive attitude towards the subject is important as research has shown that students’
attitude towards mathematics not only impacts their academic outcomes [3] [4] [5], it
also has an impact on the climate of the class [6] [7].
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1.1 Attitude towards Mathematics Instruments

To measure the strength of a student’s attitude towards mathematics, several
instruments have been developed over the past decades. The more widely used
instruments are the Fennema-Sherman Mathematics Attitude Scales (FSMAS) [8] [9]
and the Attitude Towards Mathematics Inventory (ATMI) [10] [11]. The FSMAS is
the most widely used instrument [12] and comprises of 108 items broken down into
nine subscales of male domain, mother, father, teacher, confidence in learning, math
anxiety, effectance motivation and usefulness. However, some researchers who have
used the FSMAS reported poor validity and reliability [13], adding that there was not
a suitable model fit for the original structure.

On the other hand, the ATMI is one of the latest instruments to measure students’
attitude towards mathematics [12]. The original ATMI comprised of 40 items broken
down into four subscales of security, value, motivation and enjoyment. The security
subscale has 15 items and measures the anxiety and self-confidence level, the value
subscale has 10 items and measures the belief that mathematics is a worthwhile
subject to study, the motivation subscale has 5 items and measures the interest level
and the enjoyment subscale has 10 items and measures the degree of satisfaction
gained from studying mathematics. The instrument was tested on a sample of high
school students in Mexico and demonstrated sound reliability and validity [10].

Subsequently, a shortened version was developed that comprised of 15 items
broken down into three subscales of self-confidence, value and enjoyment [11]. The
removal of one subscale was suggested due to the strong correlation between the
enjoyment and motivation subscale. The shortened version was tested on a sample of
1601 students in Singapore and demonstrated sound psychometric properties. In
addition, the researchers noted that the completion of the shortened version took less
than 10 minutes for the participants, making it an attractive option for educators with
limited time. The shortened version of the ATMI has been separately validated in
other contexts [14].

1.2 Attitude towards Mathematics Instruments

However, despite its stable factor structure and sound psychometric properties,
several limits still exist in the ATMI that have not been addressed fully. First, the
construct of an attitude towards mathematics may not be measured accurately.
Currently, the most accepted and well-recognized attitude model proposes that
attitude is made up of three components, namely affect, behaviour and cognitive [15]
[16] [17]. Affect refers to the emotional response towards an attitude object,
behaviour refers to the observable responses that a person has towards the attitude
object and cognitive refers to the beliefs of a person about the attitude object. For
example, a positive attitude towards math could mean that a person likes to study
math, puts in effort into math problems and believes that math is an important subject
to do well in. In the shortened ATMI, affect is measured by the enjoyment subscale
and cognitive is measured by the value subscale. However, there are no items
pertaining to the behavioural aspects of attitude towards math. Furthermore, the
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subscale of self-confidence may be a secondary dimension that is unrelated to attitude
and researchers have argued for it to be measured separately [18] [19].

Second, there has been few investigations on whether the items in the ATMI scale
are biased against a specific gender. Many researchers have concluded that there are
gender differences in attitude towards mathematics. Generally, boys are reported to
have more positive math attitudes than girls [20] [21], although there have been other
studies reporting that girls hold a more positive attitude [22] or that there were no
gender differences [23]. Whilst there are many variables (e.g. school environment,
parental attitudes, teaching styles) that could have contributed to this disparities, one
aspect that is seldom investigated concerns whether items in the scale are biased
against females or males.

The purpose of this study is to address the two limitations above. To accurately
measure the attitude construct, the self-confidence subscale of the ATMI will be
replaced by a subscale that measures the behavioral aspects of an attitude. As the
behavior of students towards mathematics are related to the amount of effort that they
put in, these items will be obtained and modified from a Work Effort Scale [24]. The
scale was designed to assess the direction, intensity and persistence as a measure of an
individual’s work effort. Since the direction of an individual’s effort was related to an
organization, only items that measured persistence and intensity of effort were taken
and modified to fit a mathematical learning context. The scale comprised of 10 items
with responses on a 7-point Likert scale. Items from the scale has been shown
internally consistent and statistically valid in other contexts [25] [26]. Subsequently,
the validity of the new scale will be analysed using Rasch modelling techniques.
Gender biasness in the items will be investigated using differential item functioning.
This paper will thus address the following research question: What are the
psychometric properties of the modified ATMI?

2 Method

2.1 Sample and Procedure

The participants for the survey were 419 students enrolled in a diploma course that is
a pre-requisite for entrance to an undergraduate program in business. The sample
comprised of 181 male and 238 female students. The mean age was 19.0 years, SD =
1.98. English was the medium of instruction.The questionnaire was administered in
the middle of the semester over two cohorts of students. The lesson was concluded
half an hour earlier to provide students with time to complete the questionnaire.
Administration time took approximately 15 minutes. They were informed that their
responses would be kept confidential and had the option to withdraw from the survey
at any time.

2.2 Instruments

Attitude towards mathematics was measured using the enjoyment and value subscales
of the ATMI [11] combined with a modified version of the Work Effort scale [24]. In
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total, there were 3 subscales: Enjoyment (ENJ - 5 items), Value (VAL - 5 items) and
Effort (EFF - 5 items). Each item was measured on a 7 point scale from 1 = strongly
disagree to 7 = strongly agree.

Mathematics achievement was measured using their grades from the end of
semester written examination. As the examination was a standardized test that
assessed the content taught in the entire semester, the grades were a good indicator of
their academic achievement. In both cohorts, the examination assessed students on
both conceptual understanding (50%) and application to business and economics
(50%). To ensure content validity, both examinations were each vetted by two
external subject matter experts. The subject matter experts considered the difficulty
level of the items, coverage of the content within the semester, the appropriateness of
the language used, and the weightage of the content and skills assessed in the
examination

3 Data Analysis and Results

Prior to analyzing the data, all responses to negatively worded statements were
reversed. Data from the completed questionnaires were coded and descriptive
statistics for each item are shown in Table 1. The data was subsequently entered into
WINSTEPS ver 3.92 for Rasch analysis.

Table 1.Descriptive statistics for the attitude towards math scale.

Item  Full statement Mean SD
label

ENJ1 T usually enjoy studying math in school. 4.57 1.70
ENJ2  Ilike to solve new problems in math. 4.49 1.67
ENJ3  Ilike math. 4.54 1.76
ENJ4 I am happier in math class than in any other class. 4.13 1.80
ENJ5  Math is a very interesting subject. 4.64 1.71
VAL1 Math is a very worthwhile and necessary subject. 5.09 1.50
VAL2 Math is important in everyday life. 5.04 1.51
VAL3  Math is one of the most important subjects for people to study. 5.03 1.57

VAL4 Math lessons would be very helpful no matter what I decide to ~ 4.97 1.54
study in future.
VALS5 A strong math background could help me in my professional  5.24 1.49

life.
EFF1  Ido not give up quickly when solving math problems. 5.00 1.43
EFF2 I do my best in my math assignments. 5.51 1.24
EFF3  When I start a math problem, I pursue it to the end. 5.04 1.35
EFF4 I think of myself as a hard worker 4.56 1.28
EFF5 1 puta lot of energy into the math problems that I start. 4.83 1.25

3.1 Rasch Analysis

The Rasch model is a logistic model first developed by George Rasch to analyse
dichotomously scored items [27]. In the model, item difficulty and person ability are
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placed on a single ratio scale whereby the units in terms of logits (i.e. log-odds). In
general, a higher logit value indicates greater item difficulty or higher person ability.
Extending on his work, two further models, namely the Rating Scale model and the
Partial Credit model, were developed to analyse polytomously scored items. The
Rating Scale model assumes that all items on the scale has the same rating scale
structure [28] whereas the Partial Credit model assumes that each item has a unique
rating scale structure [29].

In this study, the Rating Scale model was used to analyse the instrument as all
items were represented by a 7-point Likert scale. The rating scale model specifies the
probability that a person n will choose a given category k on an item i. The
mathematical expression is given by

J'il:?::'-' [B=: |=
1+e

where B, refers to the person ability, D, is the difficulty of the entire item and F} is the
difficulty estimate of the & threshold. In this instance, B, is represented by students’
attitude towards mathematics, D; indicates how likely the entire item would be
endorsed and F} is the estimate at which a person has an equal chance of scoring
category k and category & — 1. The Rating Scale model assumes that threshold
estimate F), is the same across all items.

Prior to performing a Rasch analysis, two major assumptions of unidimensionality
and local independence must be met. Unidimensionality refers to the concept that the
items measure a single latent trait or ability. Local independence means that a
person’s response on one item is independent of other items. Once the two
assumptions are met, the procedure estimates the various parameters based on the
frequency of responses for each item. Tests are conducted to assess item fit as well as
item and person reliability. Potential differential item functioning (DIF) between
gender were also investigated. Finally, the predictive validity of the scale was
examined by a correlational analysis between the ability measures predicted by the
Rasch model and their actual achievement results.

3.2  Dimensionality and Local Independence

Local independence between items was assessed by using the correlations between
the standardized residuals of item pairs to compute the distribution of Fisher’s Z. Item
pairs with Fisher’s Z values within 2 standard deviations of the mean are considered
to be locally independent [30]. The dimensionality of the scale was assessed using
standardized residual principal components analysis (PCA). The procedure looks for
patterns within the residuals in the data to determine whether they share similar
patterns. The strength of each PCA component of residuals, i.e. the contrasts, is
provided by their eigenvalues. If the size of eigenvalues exceeds 2 (strength of 2
items), it is indicative of a secondary dimension. Items in secondary dimensions can
be observed from the patterns in the contrast plot and their contrast loadings [31].
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The distribution of Fisher’s Z had a mean of -.07 and a standard deviation of 0.25.
Thus the critical values for significant Fisher’s Z were -.57 and .43. Examining the
statistics for item pairs revealed 5 residual correlations beyond these critical values.
However, as the identified residual correlations represent less than 5% of all the
residual correlations, this indicates that item and person estimates would not be
adversely impacted [32] and thus no corrections were made.

The eigenvalue of the first and second contrast was 3.4 and 3.1 respectively,
indicating that there were possibly three dimensions within the scale. An inspection of
the contrast plot and contrast loadings revealed that there were three clusters of items
that were consistent with the three dimensions of Enjoyment, Value and Effort (See
Table 2).

Table 2.Standardized residual loadings for items.

Contrast Item  Loading Contrast Item  Loading Contrast Item  Loading

1 ENJ2 .70 2 EFF3 14 3 Vi -47
1 ENIJ3 .66 2 EFF1 A1 3 V5 -54
1 ENJ4 49 2 EFF5 -.01 3 V4 -.63
1 ENJ1 46 2 EFF2 -.07 3 V2 -.63
1 ENJS 46 2 EFF4 -.16 3 V3 -.66

To cater for multi-dimensionality, three possible methods have been suggested: the
unidimensional approach where all items are treated as representative of one
dimension, the consecutive approach where each dimension are treated separately or
the multi-dimensional approach which is a compromise between the unidimensional
approach and the consecutive approach [33]. The unidimensional approach was
adopted in this study because of the following reasons: 1) All the items can be
projected onto a single dimension of attitude towards mathematics, 2) A lesser
number of items in each dimension would result in a larger standard error of the
estimates and 3) the disattenuated correlation between the person’s measures on the
various dimensions are substantial (Rgpj.var = 0.73, Rgnjpsr = 0.64, Rggrya = 0.62),
indicating a high inter-relation between the dimensions.

3.3 Item Threshold Estimates

The Rasch model places item difficulty and person ability on the same scale. In the
current study, the Rasch-Thurstone thresholds are used for item difficulty which are
the points of equal cumulative probability above and below the boundary of two
options [34]. To check whether items are suitably targeted at the sample, a 50%
cumulative category probability figure is produced. The item difficulty at each
threshold is shown in the table and the number of persons at that particular ability
level is shown at the bottom. For example, if an item difficulty at the threshold of 4 is
—1, a person at an ability level of —1 would have a 50% chance of scoring below 4 and
a 50% chance of scoring 4 and above.

Figure 1 shows the 50% cumulative category probability table. The threshold
estimates range from —2.25 to 2.81 whereas person ability (excluding extreme data)
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ranged from —2.80 to 4.67. The mean person ability was .55 logits with a standard
deviation of 1.03 logits, suggesting that the scale was targeted at individuals who are
slightly less able, i.e. slightly negative attitude. The scale did not suitably target 7
persons whose ability measure was at a maximum extreme score of 5.89 logits and 1
person with a minimum extreme score of —4.93. The 8 persons constituted 1.9% of the
overall sample.

-4 -3 -2 -1 2 1 2 3 4 5
|----- FRE——— FRE——— TR T ——— T TR | HNUM  Item
1 2 34 5 6 7 7 4 ENJ14
| |
| I
1 2 3 4 5 6 7 7 2 ENJ2
1 2 3 4 5 6 7 7 14 EFF4
1 2 34 5 b 7 7 3 ENI3
1 2 34 5 b 7 7 1 ENI1
1 2 34 5 b 7 7 5 ENI5
| I
1 2 34 5 6 7 7 15 EFF5
| I
1 2 34 5 b 7 7 9 VAL4
1 2 34 5 b 7 7 13 EFF3
1 2 34 5 b 7 7 11 EFF1
1 2 34 5 B 7 7 8§ VAL3
1 2 34 5 6 7 7 7 VAL2
1 2 3 4 5 6 7 7 6 VALL
| I
1 2 3 4 5 6 7 7 1@ VALS
| |
| I
1 2 34 5 b 7 7 12 EFF2
|----- FRE——— FRE——— TR TR TR TR TR TR | HNUM  Ttem
-4 -3 -2 -1 a8 1 2 3 4 5

1 12223331211111 1
1 1 112571774961965468729457456 222 3 1 2 7 Person

T S M S T
M: Mean, S: 1 SD from mean, T: 2 SD from mean

Fig. 1.50% cumulative category probability table.

34 Item Fit Statistics

Item fit were assessed using two statistics. One, the observed point-measure
correlation is compared with the expected point-measure correlation. The point-
measure correlation is a correlation between the observed/expected observations with
the person’s measure and is an item discrimination index. A higher observed point-
measure correlation corresponds to a better item. Comparing the observed correlation
with the expected correlation gives an indication of the item fit as the difference
should be not too significant [35]. Two, Rasch analysis provides mean-square and z-
standardized values as fit statistics. Mean square values are based on chi-square
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statistics and indicate whether the data fits the model whereas z-standardized values
are z-scores that whether the data fit is significant. These fit statistics are further
divided into outfit and infit values. Outfit refers to outlier-sensitive fit and places
equal weightage onto all responses. Infit refers to inlier-sensitive fit and places more
weightage on items targeted on the person or group. Ideally, mean square fit statistics
should lie between 0.6 and 1.4 although values less than 2 would not degrade the
measurement. Z-standardized statistics should lie between —1.96 and 1.96 [36].

Table 3 shows the item fit statistics for the scale. The absolute differences between
the observed and expected point-measure correlation ranged from .00 to .17. The
Outfit mean square values range from .78 to 1.64 and the Infit mean square values
range from .80 to 1.39. There were 4 items in which the absolute z-standardized
values were greater than 1.96. However, as z-standardized statistics can be overly
sensitive when there are more than 300 observations, these values are only taken into
consideration when the mean square values indicate a misfit. All items but one
satisfied the criteria for the mean square fit statistics. The item EFF4 (“I think of
myself as a hard worker”) had an outfit mean square of 1.64 (z-standardized = 7.5)
and an infit mean square of 1.39 (z-standardized = 4.9). Since the infit mean square
value was within the criteria, the item was not removed from the scale.

Table 3. Item fit indices.

Ttem Pt. measure correlation Outfit Infit

Obs Exp Mnsq Z-std Mnsq Z-std
ENIJI1 .65 .69 1.39 49 1.21 2.8
ENJ2 73 .69 .85 2.2 .88 -1.8
ENJ3 74 .69 91 -1.2 .90 -1.5
ENJ4 72 1 .99 -1 .99 -2
ENJ5 75 .68 78 -3.3 .80 -2.9
VALI .69 .66 .87 -1.7 .90 -14
VAL2 .66 .66 1.07 9 1.05 .6
VAL3 .69 .66 95 -7 .99 -1
VAL4 .68 .66 97 -4 98 -3
VALS .66 .65 98 -3 1.00 .0
EFF1 .67 .66 1.01 2 91 -1.2
EFF2 .62 .62 97 -4 93 -1.0
EFF3 .67 .66 95 -7 .97 -4
EFF4 52 .69 1.64 7.5 1.39 49
EFF5 .63 .67 1.08 1.1 .96 -5

3.5 Item and Person Reliability

The reliability of the scale was assessed using item and person separation and
reliability indices. Person reliability is analogous to Cronbach alpha and is indicative
of how well the scale can differentiate individuals according to their ability. Person
separation refers to the number of statistically different strata of individuals in the
sample that can be identified, e.g. if person separation is 3, then 3 levels of people of
differing ability can be identified in the sample. Likewise, item reliability refers to
how well the sample can separate items in the scale and item separation refers to the
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number of different difficulty strata in the items. Acceptable values for reliability are
similar to those for Cronbach alpha.

The person separation was 2.95 with a reliability of .90 and the item separation was
6.26 with a reliability of .98. This implies that the scale can identify approximately 3
strata in the sample, e.g. high, average, low attitude, and items can be split into
approximately 6.3 levels of difficulty. Both person and item separation demonstrate
high reliability.

3.6 Differential Item Functioning

Differential item functioning (DIF) by gender was assessed by examining the value of
the DIF contrast, that is, the difference in measures in logits between two groups [37].
An item is considered biased when the DIF contrast is significant and the effect size is
substantial. A t-test is conducted to examine significance (p< .05) and effect size is
estimated by the absolute value of the DIF contrast. The following criteria is used: <
.43 logits is negligible, between .43 to .64 logits is moderate, > .64 logits is large [38].

Table 4 shows the DIF statistics for the 15 items. There was only one item that
exhibited a significant DIF: ENJ4 (“I am happier in math class than in any other
class”) had an absolute DIF contrast of .25 logits (|#(385)| = 2.83, p = .005). For this
item, the difficulty measure for males was .74 compared to .50 for females, indicating
that this item is biased against males. However, its absolute DIF contrast was .25
which implies that the DIF effect is negligible.

Table 4.DIF statistics.

Item |DIF contrast| | p

ENJ1 .08 91 .36
ENJ2 .00 .00 1.00
ENJ3 13 1.43 15
ENJ4 .25 2.83 .005
ENJ5 .08 .87 39
VALI .07 .68 .50
VAL2 17 1.73 .08
VAL3 .00 .00 1.00
VAL4 .14 1.41 .16
VALS 11 1.08 28
EFF1 .10 1.07 29
EFF2 .00 .00 1.00
EFF3 .00 .00 1.00
EFF4 .10 1.14 25
EFF5 .05 .54 .59

3.7  Predictive Validity

As students’ attitudes towards mathematics has been shown to be positively related to
academic outcomes [5], the predictive validity of the scale was assessed by computing
the correlation of persons’ ability measures as predicted by the Rasch model and their



226 C. K. Loong

actual achievement results on the semester written examination. The correlation
coefficient was .38 (p<.001), indicating that the scale has a good predictive validity.

4 Discussion

The main aims of this study are twofold: 1) to validate a scale that accurately
measures the attitude towards mathematics construct by replacing the self-confidence
subscale of an existing scale with the behavioural aspect of an attitude construct and
2) to investigate whether there were DIF concerns in the scale that might have caused
biasness against a specific gender. Rasch techniques were used to assess the
psychometric properties of the scale.

Initial analysis indicated that most of the items were locally independent of each
other, and that the small percentage of local dependencies would not have any adverse
impact on measurements. The scale could also be partitioned into three dimensions of
affect, behavioural and cognitive, which was consistent with the attitude construct.
However, as the three dimensions together could be construed as a single construct of
attitude and since they were highly correlated with each other, it was decided to
analyse the scale as an unidimensional construct.

The items targeted the sample reasonably well, with only 1.9% of the sample
located beyond the boundaries of the item thresholds. Nevertheless, further
improvements to the scale could be made by inserting items that are able to target the
higher end of the ability measures. Most items demonstrated a reasonable to good fit
although one item had a relatively high outfit mean square value (EFF4: “I think of
myself as a hard worker”), suggesting that the item could be influenced by some other
variable other than attitude towards math. This may be due to the phrasing of the item
that may have caused overlaps between working hard in mathematics with the general
characteristics of students. For example, EFF4 could be interpreted as a measurement
of general conscientiousness. On hindsight, it might have been better to paraphrase
the item to reflect conscientiousness exclusively in the domain of mathematics.

The item and person separation and reliability indices indicated that items in the
scale were able to differentiate people into 3 strata of ability reasonably well.
Likewise, individuals in the sample were also able to separate the items into
approximately 6.3 difficulty levels very well. This suggests that in future, the number
of points for each item in the scale may be trimmed down to 6 options instead to
improve reliability.

To address the issue of gender biasness, a DIF test indicated that most items had no
significant and substantial DIF effects with the exception of one item (ENJ4: “I am
happier in math class than in any other class”) that had a significant effect. Males tend
to find this item harder to agree and this may be due to females expressing their
emotions more readily than males (Simon & Nath, 2004). Even so, the DIF effect was
not substantial and the item was left in the scale.
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4.1 Limitations and Future Directions

A number of limitations should be noted in this study. First, the Rasch model only
includes item difficulty as a single parameter in its analysis. Although this may be
sufficient, analyzing future datasets with more complex models will also be useful.
Second, the sample was solely from one tertiary institution. There is a need to expand
the sample size to include other students for more generalizable results. Third, it is
possible that DIF effects are culturally dependent and may not replicate itself in a
different context. Future research could conduct a similar DIF analysis in a different
cultural setting.

5 Conclusion

In summary, the evidence in the current study indicates that the modified scale would
be a valid instrument to measure attitude towards mathematics. Theoretically, it
addresses the attitude construct as defined by attitude researchers and the items have
no substantial gender biasness. Practically, the scale is easy to administer and takes a
short time to complete. Educators may wish to use the scale to assess a student’s
attitude before the start of a module. This will aid them in providing early
interventions to address future problems that students may face. For example, a
student may perceive the value of mathematics and enjoy lessons but does not put in
the necessary work. Others may also adapt this scale in attitudinal or mathematical
research.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to
the content of this article.
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