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Abstract
The aim of this study was to adapt and assesssyehpmetric properties of the Spanish
version of the SMARS in terms of evidence of vajidind reliability of scores. The
SMARS was administered to 342 students and, inrdocdassess convergent and
discriminant validity, several subsamples completeeries of related tests. The factorial
structure of the SMARS was analyzed by means ohéircnatory factor analysis and
results showed that the three-factor structurertegan the original test fits well with the
data. Thus, three dimensions were establisheckitedtmath testnumerical taskand
math course anxiety he results of this study provide sound evidehe¢ demonstrates the
good psychometric properties of the scores of frensh version of the SMARS: strong
internal consistency, high 7-week test-retest bdltst and good convergent/discriminant
validity were evident. Overall, this study providasinstrument that allows us to obtain
valid and reliable math anxiety measurements. ifisisument may be a useful tool for
educators and psychologists interested in idengfyndividuals that may have a low level

of math mastery because of their anxiety.
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1. Introduction

Mathematics anxiety is defined as “feelings of tensand anxiety that interfere
with the manipulation of numbers and the solvingnathematical problems in a wide
variety of ordinary life and academic situationRig¢hardson & Suinn, 1972, p. 551). Math
anxiety has been demonstrated to have unfortulaigequences in terms of mastery of
math. Math anxious individuals take fewer math sear get lower grades in the classes
they do take, and choose college majors that aserédated to mathematics and the
physical sciences than their low math anxiety cexp#rts (Ashcraft, Kirk & Hopko, 2000).
Moreover, higher mathematics anxiety consisterlgtes to negative attitudes toward
mathematics, low enjoyment of mathematics and pelfrconfidence in the subject. In a
meta-analysis, Hembree (1990) reported a correlatie.75 between math anxiety and
enjoyment of math and a correlation of -.71 betwaaith anxiety and self-confidence in
math. Given that being able to manage numberssenésl in a modern society which
demands a workforce well trained in technologieath@matics anxiety has become a
subject of increasing interest (Ashcraft, Krausel@oko, 2007; Ashcraft & Ridley, 2005).
In this sense it is especially important to devetggtruments to measure math anxiety, not
only for educational and clinical purposes, bubds researchers interested in
investigating the cognitive consequences of mattiemanxiety.

Dreger and Aiken (1957) were the first to attengptniieasure math anxiety. They
added three math-related items to the Taylor Mah#exiety Scale (Taylor, 1953) and
named it the Numerical Anxiety Scale. In 1972 Rrdsan and Suinn published a more
complete instrument for measuring math anxiety Mlaghematics Anxiety Rating Scale
(MARS). The MARS is a 98-item rating scale on whgarticipants, using a 1 to 5 Likert-

type scale, have to rate how anxious they woulbifegituations involving numbers,
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ranging from formal math settings (e.g., openimgath textbook) to informal (everyday)
situations (e.g., working out a restaurant bilptkt@nk was miscalculated). The score on
the MARS is simply the sum of the ratings acro$9&litems (range from 98 to 490). Due
to the good psychometric properties of the MARS sneaments (e.g., a 7-week test-retest
reliability of .85 and an internal consistency abllity of .97, reported in the original paper
by Richardson and Suinn), the MARS has been adaptednany other languages and has
become one of the most widely used instrumentsngaisuring math anxiety. Moreover,
the reliability and validity of scale scores hasmé&equently demonstrated (Alexander &
Cobb, 1989; Dew, Galassi & Galassi, 1984; Plakeagk®r, 1982; Sloan, Slane, Ashcraft
& Fleck, 1994). Strong support for the reliabildfthe MARS scores was reported by
Capraro, Capraro & Henson (2001), who found thatss 28 studies, the MARS yielded
scores with a mean internal consistency of .91, aadss 7 studies, it yielded scores with
a mean test-retest reliability of .84.

Since the pioneering study by Richardson and S{i8i2), other instruments have
been developed to measure math anxiety: the 12F@mema-Sherman Mathematics
Anxiety Scale (MAS; Fennema & Sherman, 1976), te® Sandman Anxiety Toward
Mathematics Scale (ATMS; Sandman, 1980), the 2#-Math Anxiety Rating Scale-
Revised (MARS-R; Plake & Parker, 1982), the 25-i#bbreviated Math Anxiety Rating
Scale (SMARS; Alexander & Martray, 1989), the 9¥itAbbreviated Math Anxiety Scale
(AMAS; Hopko, Mahadevan, Bare & Hunt, 2003) and 23eitem Mathematics Anxiety
Scale-UK (MAS-UK; Hunt, Clark-Carter & SheffieldD21). The main advantage of all
these instruments is that they are shorter ver&sn,time-demanding than the original
MARS. Although many English version instruments available to measure math anxiety,

a Spanish version has not yet been created. Tudy stas designed to address the issue by
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adapting the SMARS (Alexander & Martray, 1989) ifjeanish. We decided to adapt this

instrument for two reasons: (a) of the all mathécsanxiety tests, until now the SMARS
has been the most frequently employed as a mathesnaaixiety test in the literature, and
(b) as indicated by the scale developers it is sspg to measure three math anxiety
dimensions that are not available in other mathednxests. The sSMARS is a 25-item scale
which has been demonstrated to be an adequateaditerto the 98-item MARS
(Alexander & Martray, 1989). The sMARS correlat®éd with the MARS and had a two-
week test-retest reliability of .86. Factor anadysivealed three underlying factors in the
SMARS: (a)math test anxietydefined by 15 items that reflect apprehensioruataking a
test in mathematics or about receiving the regidlteathematics tests; (bumerical task
anxiety defined by 5 items that reflect anxiety aboutyiag out numerical operations; and
(c) math course anxietylefined by 5 items that reflect anxiety abouthraasses.
Coefficient alpha was .96 for Factor I, .86 for feadl, and .84 for Factor Ill.

The purpose of this study was to adapt and stuelpslychometric properties of the
scores on a Spanish-language version of the sSMARS @iniversity population.
Specifically, we were interested in evaluatingfihlowing aspects: (a) factor structure, (b)
corrected item-total correlations, (c) internal sistency, (d) 7-week temporal stability, and
(e) convergent and discriminant validity. In ordestudy the relationship between the
SMARS scores and other related measures, partisipare administered a series of tests:
the State-Trait Anxiety Inventory (STAI; Spielberg&orsuch, Lushene, Vagg & Jacobs,
1983), three scales (Spatial Visualization, ReasgpAibility and Verbal Ability) from the
Thurstone’s Primary Mental Abilities Test (PMA, Tistone, 1939), the Addition and
Subtraction Verification Test from the French Ikténch, Ekstrom & Price, 1963), and a

Single-digit Addition Test created by us for thegent study. A short questionnaire to
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obtain information about participants’ attitudewéwd mathematics (degree of enjoyment,
motivation and self-confidence in mathematics) adsinistered and information about
their high-school itinerafywas also collected. Subjects had to indicate veretrey had
previously graduated from high school with a conicgion in social science, science,
humanities, technology or other. The first twaoétiaries have very little mathematical
content, while the last two involve a great deainaithematics and calculation.

According to previous studies, mostly integratetHembree’s meta-analysis
(1990), we expected the following results: (a) adlerate negative correlation between
math anxiety and the scores in the Addition andii@abon Verification Test from the
French kit, which allows us to measure arithmeéidgrmance in multi-digit additions and
subtractions; (b) a low relation between math ayaad the score in the Single-digit
Addition Test, because according to Ashcraft arilttagues (Ashcratft et al., 2000;
Ashcraft & Faust, 1994; Faust, Ashcraft & Fleck9&Pmath anxiety has a low impact in
simple additions performance; (c) moderate positimeelations between math anxiety and
trait and state anxiety; (d) a moderate negativeetation between math anxiety and spatial
ability; (e) a low correlation between math anxiatyd reasoning abilify (f) no relation
between math anxiety and verbal ability; and (g)reg inverse correlations between math
anxiety and the degree of enjoyment, motivation selficonfidence in mathematics.

Finally, we expected females to have higher mathiesnanxiety than males (Hembree,

! ltinerary refers to the concentration or areantéiest during high-school studies (“Bachilleraito”
Spanish), thus before enrolling in University. e tSpanish educational system, students gradwaiteHigh
school with a concentration in one of the followergas: social science, science, humanities, téatyor
other.

2 There is increasing agreement that intelligerstirtg can be usefully approached through testsdotctive
reasoning, which is acknowledged as being a ceeleaient in intelligence (Boyle, 1987). GustafsE#88)
has demonstrated that general ability (G), gerflrial ability (Gf) and inductive reasoning abili(iR) are
synonymous and he says we can measure essentgatasp“G” by measuring inductive reasoning aieiit
Given that the reasoning ability subtest from tMAPmeasures inductive reasoning, we have takes & a
measure of intelligence. According to Hembree (}98igher mathematics anxiety was slightly related
lower I1Q levels.



1990; Hyde, Fennema, Ryan, Frost & Hopp, 1990),iadididuals who follow social
science and humanities to have higher mathematidsts than those who course
technology and science (LeFevre, Kulak & Heymaf92).
2. Material and methods
2.1 Participants

The participants were 342 undergraduate studeons tine University of Barcelona
(Spain) who completed the SMARS test as part aflantary class activity (women,=
261, 76.31%; mem = 81, 23.68%). The mean age was 20.79 ye&#ds=(3.32, range =
18-43) for women and 21.21 yea= 2.64, range = 19-32) for men. All participants
were first and second year Bachelor students nmgjoni Psychology, and had previously
graduated from high school with a concentratiosdaial science (37.7%), science
(27.3%), humanities (23.1%), technology (7.7%) thieo (4.2%). Mean and standard
deviation for age and SMARS scores for the samisigggregated by gender and high-
school itinerary as well as the percentage of sargleach category are shown in Table 1.
Participants were recruited using opportunity samgplrom various lectures and practice
seminars. The retest sample consisted of an opptyr&ample of 104 students of the
original sample (womem = 84, mean age= 20.70,SD = 3.01, range= 18-40; menn
= 20, mean age= 21.37,SD = 2.96, range= 19-28) who completed the SMARS 7
weeks after the first administration in order todst test-retest reliability. All participants
gave written consent after being informed of theppae of the study.

Psychometric properties of SMARS scores were etadlia four opportunity
subsamples, all of them proceeding from the origina: Subsample 1 (womem,= 148,
mean age= 20.82,SD = 3.29, range= 18-43; menn = 41, mean age= 21.20,SD =

2.51, range= 19-28); Subsample 2 (womem,= 36, mean age= 19.53,SD = 2.00,



range = 18-26; menn = 14, mean age= 19.71,SD = 0.72, range= 19-21);
Subsample 3 (women, = 21, mean age= 21.52,SD = 2.60, range= 18-27; menn =
7, mean age= 22.71,SD = 1.70, range= 21-25); Subsample 4 (womem,= 18, mean
age = 20.39,SD = 1.97, range= 18-25; menn = 4, mean age= 22.75,SD = 6.23,
range = 19-32). The information collected in each subsa&npdescribed in the
Instruments section.
Insert Table 1 approximately here
2.2 Instruments

sMARSAlexander & Martray, 1989)'he sMARS is a 25-item version of the Math
Anxiety Rating Scale (MARS; Richardson & Suinn, 2R7This instrument measures
anxiety by presenting 25 situations which may canathematical anxiety grouped into
three factorsmath testnumerical taskandmath course anxietytems are answered on a
five-point Likert scale from 1 (no anxiety) to Sdh anxiety). Since SMARS total score is
obtained by summing each item rating, scores raegeeen 25 and 125. The test was
back-translated into Spanish in order to apply ihie local population (more detail is given
in the Procedure section). SMARS measurements eadiected from all the subsamples.

Simple-arithmetic TesThis test consisted of 165 single-digit additioalgems
with the forma + b = organized in five columns. It was administerechvettime limit of
two minutes that was not known to the subjects.t€sewas made up of twenty-four
different single-digit additions (operands betw@emnd 9). No addition included the
numbers 1 or 0 due to evidence suggesting thatgrshincluding this numbers as
addends are solved via rules rather than retri@sdicraft, 1982). Tie problems (e.g., 4 +
4) were also excluded. The score for the test hasitmber of correctly solved additions.

Data were collected from subsamples 1, 2 and 4.



Addition and Subtraction Verification Test from #ench kit(French, et al.,

1963). This consists of a total of 60 two-operaddi@ons and subtractions that have to be
verified by saying whether a proposed result isemiror incorrect. Subjects are asked to
verify as quickly and as accurately as possiblénduet 2-minute period. French kit data
were collected from subsamples 2, 3 and 4.

STAI(Spielberger, et al., 1983). The STAI is a 40-iwrale used to measure state
(STAI-S) and trait (STAI-T) anxiety. Good to exaait internal consistency (Cronbach’s
alpha = .86-.95) and adequate test-retest rellffitater =.71-.76; Traitr =.75-.86) has
been reported (Spielberger et al., 1983). It inetudl0 statements describing different
emotions, 20 for each scale. Items are answeredfoar-point Likert scale. In the STAI-S
the answer options go from 0 (not at all) to 3 yu@uch) and subjects have to answer by
taking into account how they feel “right now”. limet STAI-T the answer options go from 0
(rarely) to 3 (almost always) and subjects havanswer by taking into account how they
feel “in general”. STAI measurements were colledtedh all the subsamples.

PMA (Thurstone, 1939). This test includes five sulstastit only three of them were
used in this study: Spatial Visualization (S), Reasg (R) and Verbal Comprehension (V).
In the S subtest subjects have to look at a figsiré (model) and then search for it among
different rotated figures presented as answer optibhe R subtest consists of a sequence
of alphabet letters that have been ordered acaptdia certain criterion. Finally, in the V
subtest subjects have to choose a synonym forea gigtjective. PMA measurements were
only collected from subsamples 3 and 4 becausadhenistration of PMA is time-
consuming and we were unable to prolong the adtratisn of the tests in some lectures.

Three additional questions about mathematical engsy How much do you enjoy

mathematic®), self-confidenceH{ow much are you self-confident in mathem&jieand
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motivation How much motivation do you have towards mathenjtieere presented on a
five-point Likert scale from 1 (not at all) to 5gsy much). Answers to these questions were
collected from subsamples 1, 2 and 4.

2.3 Procedure
The study began with the translation of the SMARIS Spanish (see Appendix 1). The
process started with a preliminary Spanish versidahe test, then this Spanish version was
back-translated into English (English-2) by an Esighative, and finally another English
native reviewed the two English versions of thé &sl the Spanish one. Both reviewers
were North American, English teachers and havela leivel of Spanish. We found a few
discrepancies between the original English veraiwhthe English back-translation of the
test in some items, and these were solved by censen

The questionnaires were administered in normabkob@sn settings. All participants
were presented with the SMARS and different subsesnpere presented with the other
tests (subsample sizes are given in Table 4). Aasuple of 103 students was tested again
on the SMARS seven weeks after the first admirtisineof the test.

2.4 Data analysis

The distribution of SMARS scores was evaluatedialitg means, standard
deviations §D), observed range and percentage of students vising values for factor
and total scores.

A confirmatory factor analysis of the SMARS sconess carried out using the
unweighted least squares estimation method, siatzedid not meet the assumptions of
multivariate normality. A three first-order factarodel with intercorrelations between
factors was conducted to explore the fit of thearhahg structure suggested by

Alexander and Martray (1989) formed by three faxtabelednath test anxiety
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numerical task anxietgndmath course anxietyChi-square statistit), goodness of

fit index (GFI), adjusted goodness of fit index (A5 parsimony goodness of fit index
(PGFI), normed fit index (NFI) and standardizedtnm@an squared residual (SRMR)
were reported, and the model's goodness-of-fitavatuated following these criteria
(Hu & Bentler, 1999; Jackson, Gillapsy & Purc-Stepson, 2009; Mulaik, James, Van
Altine, Bennett, Lind & Stilwell, 1989; Schumack&r_omax, 2004): ax*p > .05; b)
GFIl, AGFI and NFE .95; ¢) PGFE .60; and d) SRMRK:.08.

The reliability of the SMARS measures was examwvél an assessment of
internal consistency by means of Cronbach’s algedficient computation, obtaining
corrected item-total correlations for the threesaialtes and the total score. Test-retest
reliability was assessed with intra-class correfatioefficient (ICC) between the SMARS
administered at the two different time points, uritée two way mixed model.

In order to provide evidence of convergent andraigoant validity of SMARS
scores as a measure of the construct of the matiwsraaxiety level, the other measures
previously described were related to SMARS responseng the Pearson correlation
coefficient, and the FisherAtest was used to assess the difference betweeratmns
(Steiger, 1980). Known groups were defined by geadd high-school itinerary in order to
assess the ability of the SMARS scores to diffeatmbetween groups, and their scores on
the three subscales and the total SMARS were cadpmr using-tests or analyses of
variance (ANOVA) where appropriate. When the honmeggy of variance assumption
underlying the usual ANOVA was not satisfied, testtstatistic developed by Welch
(1951) was used. In order to compare groups indernpreviously taken itinerary, post
hoc comparisons were tested by using Tukey’'s HIBI)Lor Games-Howell (1976)

procedures (this last procedure was used when hemedy of variance could not be
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assumed). The magnitude of these differences veassesd with standardized mean
difference () computing the mean difference between the twoggalivided by the
pooled standard deviation.

Participants with missing data were not excludedifthe sample (within each
subsample, percentage of cases with missing valaevery low and no patterns were
observedland analyses were carried out with the availatfta'mation by means of SPSS
version 17.0 and AMOS version 18.0, setting statsignificance a& = .05.

3. Results
3.1 Distribution of scores
The descriptive statistics for subscale and tatates are shown in Table 2.
Insert Table 2 approximately here

If the percentage of participants with the lowestre (no math anxiety) is very high
then we have what is known as floor effect, whichyrmdicate that the capacity of the
SMARS to discriminate between levels of anxietgugstionable when the level of math
anxiety is very low. In this study, the number afticipants with the lowest possible score
was 1 (0.3%), 85 (24.9%) and 60 (17.5%) respegctife@Imath test anxiefynumerical task
anxietyandmath course anxietyn the case of the SMARS total score, only on#éi@pant
(0.3%) with the minimum score of 25 was observeshdding possible ceiling effects
(consisting of seeing a high percentage of paditip with the highest possible score),
there was one student who got the maximum scdieeimath course anxietyubscale.
However, it is worth knowing that the distributiohsMARS scores covered almost the

total possible range, both in the subscales antbthkscores.
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The very low percentage of participants with miggilata indicates that the
feasibility and acceptability of the SMARS is sttory when applied to university
students.

3.2 Factor structure

The results from the confirmatory factor analydishe SMARS are shown in Table
3. The obtained fit indexes for the three firstaréactor model werg?(272) = 841.169(
<.05), GFI =.969, AGFI = .963, PGFI = .811, NFI961 and SRMR = .080. With the
exception of ther> measure, which is sensible to sample sizex@mentrality (Byrne,
2010), these indices suggest that the model #sl#ta, thus confirming that the underlying
structure of the SMARS is formed by three factbet issessath testnumerical taslkand
math course anxietystandardized factor loadings were higher thansiéwing that all
items are relevant in defining the correspondingndio. A strong relationship was
observed betweamath test anxietgndmath course anxietfy = .72,p < .001). Similarly
the correlation coefficient betweemath test anxietgndnumerical test anxietyas .54 §
<.001), and betweemumerical test anxietgndmath course anxietyp7 p < .001).

Insert Table 3 approximately here
3.3 Internal consistency and temporal stability

As shown in Table 2, Cronbach’s alpha coefficiemse .93 fomath test anxiety
.88 fornumerical task anxietsind .85 fomath course anxietyvith the corresponding
corrected item-total correlations greater thanin3all items. In the case of the SMARS
total score, Cronbach’s alpha reached a valuedofa@ain with high corrected item-total
correlations with the exception of item I®eg@ading a cash register receipt after your

purchase Revisar el ticket de compra después de haber pdgelgere a correlation
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coefficient of .32 was observed. These resultatdithat the SMARS scores present
excellent internal consistency (Kline, 2000) whepleed to a university student sample.

Regarding measure stability, the ICC value fordMARS total score was .72,
indicating that test-retest reliability after sewee@eks is good, and subscale ICCs ranged
from .56 fornumerical task anxietto .73 formath test anxietyshowing moderate to high
values of test-retest reliability.

3.4 Relations with other variables

Relations between the SMARS and the other meapuoésiced the correlations
specified in Table 4. The directions and magniturfdbese correlations were as predicted
and some merit special attention. First, math ayaad math achievement, measured by
the French kit verification test, showed a modenatgative correlatiorr (= -.32), which
indicates that the higher the math anxiety the falve achievement in multi-digit additions
and subtractions. Similar negative correlationsginag fromr = -.26 tor = -.38, were
found between the verification test and the thraghnanxiety subscale scores. Second, a
very small negative correlation € -.13) was found between the single-digit additiask
and the sMARS total scores, and the same correlatitue was found when the single-
digit addition scores were correlated with thosenath teseandnumerical task anxietyNo
relationship was found between simple addition f@st#formance anthath course anxiety
Third, state and trait anxiety was moderately egldioth to the SMARS total score<.46
for STAI-S andr = .37 for STAI-T) and to the three subscale scérakies ranged from
= .27 tor = .43): highly math-anxious individuals also teénchave high state and trait
anxiety. Fourth, math anxiety measured by meariseofotal SMARS and thmath testand
math course anxietyubscales was negatively correlated with spabiditya(correlation

values fronr = -.24 tor = -.32); however, the correlation betwaammerical task anxiety
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and spatial ability was lower and non-significaht.order to study differences between
these three correlations we conducted comparisetwgelen two dependent correlations.
This analysis showed that the three correlationgwet statistically different (see Table
5). Fifth, no relation was found between verbaligband the SMARS total score € -.11)
and themath teseandnumerical task anxietycoreqr = -.05 and = .06, respectively).
However, verbal ability was negatively related tatincourse anxiety & -.21). Again,
comparisons between correlations showed that titegat differ significantly (see Table
5). Finally, moderate to high negative correlasioanging between=-.36 and = -.54
were found between math anxiety scores and theedefrmathematical enjoyment, self-
confidence and motivation.

Insert Table 4 approximately here

Insert Table 5 approximately here

When analyzing the SMARS scores by gender and $aglool itinerary, the mean
scores and standard deviations shown in Table 6 aleserved. As expected, women
showed higher levels of anxiety than men, andstieaily significant differences were
found inmath task anxiet{t(334) = 2.470p = .011) and the total SMARS scot€3@9) =
2.395,p =.017). The magnitude of effects in the diffeenbetween men and women were
low, i.e.d = .33, .20 and .14 respectively for the three sNéAgRibscales and .31 for total
score.

Insert Table 6 approximately here

Regarding the itinerary, in all math anxiety scateeraries were ordered from

high to low level of anxiety as follows: humaniti@®cial science, science and technology.

Statistically significant differences were found foath task anxietF(4,253) = 11.325p
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< .001),numerical task anxietjWelch'sF(4,52.9) = 10.16Qp < .001) andnath course

anxiety(Welch’'sF(4,53.3) = 8.139 < .001), and also for the SMARS total score
(F(4,249) = 12.264p < .001). Post-hoc comparisons showed the statistignificances
specified in Table 7, with statistically signifidasomparisons in italics. It is worth
highlighting that individuals that had chosen huiias showed higher levels of math
anxiety (measured both in the SMARS total scoreiartde subscale scores) than
individuals that had chosen science and technoldggher levels of math anxiety were
also found in individuals that had chosen a s@m@nce itinerary compared to those
reported to have chosen the technological onerdstiagly, noteworthy effect sizes were
found in: i) humanities vs technology € 1.54), social vs technologg € 1.29) and
technology vs othersl(= -1.68) formath test anxiefyi) humanities vs technology &
1.08) and technology vs others< -1.21) fornumerical task anxietyii) humanities vs
technology d = 0.89) and technology vs otheds< -1.24) formath course anxiefyand
finally iv) humanities vs technologyl € 1.62), social vs technologgl € 1.29), science vs
others (i = -0.85) and technology vs otheds<-1.81) for the SMARS total score.
Insert Table 7 approximately here

4. Discussion

The aim of this study was to examine the psychdmptoperties of the scores on a
Spanish-language version of the SMARS. Math anmtia/become a subject of increasing
interest in educational and clinical settings bseanf its consequences in reducing mastery
of math, and a Spanish test for measuring thistoactshad not yet been developed. We
decided to adapt the SMARS (Alexander & Martrayg2)9into Spanish because this
instrument has been widely used and good psychanpetperties of its scores and

interpretations have been demonstrated. Moreovieigludes three subscales that are not
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present in other math anxiety tests, enabling weparatenath testnumerical taslkand
math course anxietyfo our knowledge this is the first time that theee SMARS
subscales have been studied in more detail.

Confirmatory factor analysis provided evidencetf@ underlying structure of the
SMARS proposed by Alexander and Martray (1989)irfelexes of the three first-order
factor model were excellent and factor loadingstieritems on the three subscales were
high, suggesting that the three dimensions estagis the original SMARS{ath test
numerical taskandmath course anxiefyvere also evident in the Spanish version.

The measures of the Spanish version of the SMAR®at excellent internal
consistency both for the three subscales (Cronbadpha coefficients ranged from .85 to
.93 for themath testnumeral taskandmath course anxietyubscales) and for the SMARS
total score (Cronbach’s alpha coefficient = .94)e3e values are close to those reported by
Alexander and Martray (1989) in the original té8areover, good 7-week test-retest
reliability was also found for the complete SMAR®es and for the three subscales’
scores, which provides evidence of the stabilitthef measures of the Spanish version of
the SMARS.

Convergent validity evidence was also examinedthadesults were consistent
with previous studies, most of them summarized @émHree’s meta-analysis (1990). High
scores in the SMARS measurements were moderatatgdeo low achievement in multi-
digit additions and subtractions, but showed Itdiationship with achievement in single-
digit additions —it is worth noting that althoudtid little relationship was statistically
significant, itaccounts for only 1.7% of the variance (Rosenth&dsnow, 1984)Multi-
digit problems are generally considered as “complékmetic” because they are usually

solved by means of hard calculation proceduresyedsesingle-digit additions are
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considered “simple arithmetic” because most peogieon fast direct retrieval from
memory to solve them (LeFevre, Sadesky & Bisan26)190ur result agrees with that
reported by Ashcraft and Faust (1994), who fourad it simple arithmetic problems there
were no math anxiety differences (high and low ratkious individuals performed at the
ceiling), but the math anxiety effect became obsimumore complex problems. These
results may explain why highly math-anxious studeygt lower grades in their math
classes. High scores in the sSMARS responses warenabatively related to attitudes
toward mathematics, enjoyment of mathematics alfiesefidence in one's ability to do
mathematics.

As regards the relationship between math anxiedyctiner psychological
constructs, the SMARS scores were only moderagdfifed to trait and state anxiety.
Although individuals with high math anxiety alsméeto show high state and trait anxiety,
the correlation between both measures ranged bet8&eand .46 for STAI-S and .27 and
.37 for STAI-T, which demonstrated that math ankista similar but separate construct
from state and trait anxiety (as predicted by Dregel Aiken, 1957). A moderate negative
relation between math anxiety and spatial abiligsvalso found, which may be due to the
widely confirmed fact that number representatiorolaes a spatial component (Hubbard,
Piazza, Pinel & Dehaene, 2005; Priftis, Piccionier@, Meneghello, Umilta & Zorzi,
2008). Finally, math anxiety was not related tdoambility nor was the reasoning, as
predicted (see Hembree’s meta-analysis, 1990).

Discriminant validity evidence was also investigatk line with previous studies
(Hembree, 1990; Hyde et al., 1990), we found thatdles scored higher on math anxiety
than males. Moreover, individuals who stated thay followed technology or science

high-school itineraries had lower mathematics agxigan those who followed social
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science or humanities. This result is in accordamtie the fact that high math anxiety is
related to students’ intentions to enroll in fewsath courses and take fewer elective math
courses (Hembree, 1990; Ashcraft et al., 2000)s Tésult would also explain why math
anxiety is related to students’ choices of a c@lewjor, with those with higher math
anxiety avoiding majors and careers that requoersiderable math background (LeFevre,
Kulak & Heymans, 1992).

To conclude, the findings discussed here demoesdtnat mathematics anxiety can
be reliably and validly measured by the proposesh&h version of the SMARS. Not only
has the utility of the SMARS been demonstrateddlsd the effectiveness of the three
subscales to measureath testnumerical taskandmath course anxietystrong reliability
was evident both in terms of internal consisternuy ia a 7-week temporal stability and
convergent and discriminant validity evidences wadse clear for the subscales and the
overall SMARS measurements. In summary, the presady provides a Spanish-language
instrument for measuring math anxiety that may heedul tool for educators and
psychologists interested in identifying individutiet may have a low math achievement
because of anxiety. Additionally, it may also befusto researchers interested in studying

the cognitive consequences of math anxiety.
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Table 1
Mean and standard deviation (in brackets) for agd aMARS scores for the sample
disaggregated by gender and high-school itiner&gtcentage of sample for each

category is also provided.

Social

; Science Humanities  Technology Others
Science
Men % 22.44% 22.53% 21.66% 40.00% 18.18%
Age 21.71(3.66) 20.44(1.78) 21.08 (2.01) 20.00(1.69) 22.02(4.19)
SMARS 67.18 (14.20) 54.13 (14.00) 68.92 (18.41) 50.75 (12.55) 68.50 (10.60)
Womer

% 77.55% 77.46% 78.33% 60.00% 81.81%
Age  19.92(1.96) 20.15(2.08) 21.17(3.73) 21.08(2.61) 23.89 (7.50)
SMARS 67.50 (15.57) 61.80 (17.10) 73.85 (14.73) 47.33 (11.58) 74.11 (18.61)




Table 2
Distribution of scores and reliability coefficierftsr the SMARS

Corrected item-

Missing  Cronbach’s total correlation ICC

Subscale Mean SD Range

0,
(%) alpha (range)
Math test From .39 (item
46.42 11.37 15-73 1.8 .93 10) to .83 (item 8) 73
Numerical From .40 (item
task 9.32 4.09 5-24 0.0 .88 16) to .87 (item .56
18)
Math From .54 (item
course 9.32 4.06 5-25 1.5 .85 21) to .73 (item .67
25)
Total score g5 09 16.91 25-115 3.2 94 From .32 (item 4,

16) to .75 (item 8)




Table 3

Factor loadings and fit indexes of the three fostler factor model

ltems Math test Numerical task Math course
1 756

2 542

3 733

4 .684

5 .685

6 .703

7 729

8 .829

9 .758

10 482

11 .647

12 .500

13 731

14 72

15 .662

16 452

17 .800

18 877

19 .849

20 .890

21 544
22 726
23 792
24 784
25 .801
Goodness-of-fit indexes

NG x%(272) = 841.169( < .05)

GFI .969

AGFI 963

PGFI 811

NFI 961

SRMR .080
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Note.GFI: goodness-of-fit index; AGFI: adjusted goodnetéit index; PGFI: parsimony

goodness-of-fit index; NFI: normed fit index; SRM&andardized root mean squared

residual



Table 4

Correlations between the sSsMARS and the other measur

Verification Addition Self-
Subscale test (French simple  STAI-S STAI-T PMA-S PMA-R PMA-V  Enjoyment confidence Motivation
N task (n=260) (n=260) (n=87) (n=87) (n=86) (n=262) _ (n=262)
Kit) (n=96) _ (n=262)
(n=262)

Math test -.26%* -13* A3** .36** -.24* -.19 -.05 - 49** -.54** - 46**
Numerical task -.38** -13* 37** 27** -.14 -.07 -.06 - 41%* -.38** -.36**
Math course - 29%* -.06 .35** 27** - 32 -.15 -.21* -.36** - 37** - 37
Total score - 32%* -13* A6** 37+ -.26* -.18 -11 -.52%* -.54** - 48**
** p<.01
*p<.05

Note.STAI: State-Trait Anxiety Inventory, -S: State, -Trait; PMA: Primary Mental Abilities Test, -S: S Visualization, -R:

Reasoning, -V: Verbal Comprehension



Table 5

Comparisons between correlations.

Comparison Z score p value
rmTs - INT.S -0.92 0.35
F'vrs - 'mc,s 0.89 0.37
Ints-'mcs 1.73 0.08
vty - INTV 0.09 0.92
rvryv - F'mcv 1.72 0.09
I'ntv - F'vey 1.45 0.15

Note.MT: Math test anxiety, NTA: number task anxiety, MGnath course anxiety, -S: Spatial Visualizatiobtest from the PMA, -V:

Verbal Comprehension subtest from the PMA



Table 6

SMARS scores (means and standard deviations) legamd high-school itinerary

Gender Itinerary
Subscal Womer Men n (W/M) Humanitiee  Socia scienc Scierce Technoloy Other: n (H/So/Sc/T/C
Math test 47.28 (11.21) 43.52 (11.52) 259/77 50.82 (10.35) 47.51 (9.73) 43.41(11.68) 34.7 (10.83) 52.40(9.92) 60/97/71/20/10

Numerical task ~ 9.51 (4.22) 8.69(3.60) 261/81 10.98 (4.44) 9.77 (4.19) 8.24(3.61) 6.65(2.21) 10.73 (4.82) 60/98/71/20/11

Math course 9.46 (4.05) 8.88(4.07) 256/81 11.00 (4.60) 10.07(3.85) 8.42(3.77) 7.35(2.16) 11.00(3.97) 58/96/71/20/11

Total score 66.31 (16.87) 61.08 (16.52) 254/77 72.78 (15.84) 67.41 (15.07) 60.07 (16.67) 48.70 (11.78) 74.30 (17.56) 58/95/71/20/11

Note.W: women; M: men; H: humanities; So: social scier®e science; T: technology; O: others



Table 7

Post hoc comparisons between high-school itinesarie

Comparison pvalue dvalue Comparison pvalue dvalue

Math task anxiety Math course anxiety
H vs So 315 0.33 H vs So .700 0.24
H vs Sc .001 0.67 H vs Sc .008 0.62
HvsT <.001 1.54 HvsT <.001 0.89
Hvs O .992 -0.15 Hvs O 1.00 0.00
Sovs Sc .095 0.39 Sovs Sc .049 0.42
SovsT <.001 1.29 SovsT .001 0.73
Sovs O .630 -0.50 Sovs O .944 -0.26
ScvsT 011 0.76 ScvsT 486 0.31
Scvs O .088 -0.78 Scvs O 312 -0.68
TvsO <.001 -1.68 TvsO .086 -1.24

Numerical task anxiety Total score
H vs So 442 0.28 H vs So .239 0.35
Hvs Sc .002 0.68 Hvs Sc <.001 0.78
HvsT <.001 1.08 HvsT <.001 1.62
Hvs O 1.00 0.06 Hvs O .999 -0.09
Sovs Sc .085 0.39 Sovs Sc .025 0.47
SovsT <.001 0.79 SovsT <.001 1.29
Sovs O .967 -0.22 Sovs O 673 -0.45
ScvsT 124 0.47 ScvsT .035 0.72
Scvs O 501 -0.66 Scvs O .056 -0.85
TvsO 119 -1.21 TvsO <.001 -1.81

Note.H: humanities; So: social science; Sc: sciencéedhnology; O: others



Appendix 1

Spanish version of the SMARS

Los items de este cuestionario se refieren a expeéas que pueden causar tension o

aprension. Para cada item sefiala cuan ansioqudadeia cada una de ellas. Responde

de forma répida, pero asegurate de pensar biespaesta. Es muy importante

responder a todos los items.

Nada Muy Algo | Bastante| Mucha
poco
1. Estudiar para un examen de matematicas. 3 5
2. Examinarme de mateméticas en las pruebas dscaada
. . 1 2 3 4 5
universidad.
3. Hacer un control de matematicas. 3 4 5
4. Hacer el examen final de matematicas. 3 4
5. Coger el libro de matematicas para empezar er hes
1 2 3 4 5
deberes.
6. Tener deberes con muchos problemas dificilehguale 1 5 3 4 5
entregarse en la préxima clase.
7. Pensar en el examen de matematicas que temaiéo die 1 1 2 3 4 5
semana.
8. Pensar en el examen de matematicas que tendrdian 1 2 3 4 5
9. Pensar en el examen de matematicas que tendréara. 1 2 3 4 5
10. Darme cuenta de que se debe hacer un ciertern(de
clases de matematicas para cumplir con los reqgsisit 1 2 3 4 5
académicos.
11. Coger un libro de mateméticas para comenzaleghaa
I . 1 2 3 4 5
dificil que se me ha pedido.
12. Recibir por e-mail la nota final de matematicas 1 2 3 4 5
13. Abrir un libro de matematicas o de estadistiear una
- 1 2 3 4 5
pagina llena de problemas.
14. Prepararme para estudiar para un examen dendtatas. 1 2 3 4 5
15. Tener que hacer un examen sorpresa de matamatic 1 2 3 4 5
16. Revisar el ticket de compra después de halgadpa 1 2 3 4 5
17. Que me den una serie de problemas numéricos que 1 5 3 4 5
incluyan sumas para que los resuelva con paggliy.|
18. Que me den a resolver una serie de restas. 1 23 4 5
19. Que me den a resolver una serie de multipbcas. 1 2 3 4 5
20. Que me den a resolver una serie de divisiones. 1 2 3 4 5
21. Comprar un libro de matematicas. 3 4 5
22. Ver al profesor resolviendo una ecuacion atgjeh en la 1 5 3 4 5
pizarra.
23. Matricularme en un curso de matematicas. 3 4 5




24. Escuchar a otro alumno que explica una férmula
matematica.

25. Entrar en una clase de matematicas.




