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Abstract

Introduction. In secondary education, students’ low achievemedtemgagement in mathe-

matics are closely related to their attitudes talsdahe subject. Despite the international body
of research, an exhaustive literature review ofakisting instruments for measuring it draws
attention to the inconsistency in the definitiord aorresponding factor structure for the con-
struct attitudes towards mathematics. Therefor aim of this paper is to develop and vali-
date an instrument for measuring secondary studattitsdes towards mathematics based on

a preliminary detailed theoretical framework.

Method. The sample comprised 792 students, with an ageagg of 13.963D = 1.09)
years, from Biscay (Basque Country Autonomous Redgpain). Confirmatory factor anal-
yses were conducted to test the theoretical prapogn-hierarchical structure, consisting of
three first-order factors (student’s math self-aptcperceived usefulness of mathematics and

interest for mathematics).

Results. The results largely confirmed that this model sbdwa good fit to the data. Internal

consistency, discriminant validity and criteriontated validity tests yielded good Cronbach’s
alpha coefficients, strong correlations betweenpitopposed dimensions and moderately posi-
tive correlation scores between attitudes towardshematics and students’ mathematical

performance measured with a math achievement ¢estiapedad-hoc

Discussion.The resulting 19-item scale may represent a psyelrcally sound instrument
both for research purposes and for educationaivettions. To conclude, the contribution of
the present study to the research on attitudesrtlswaathematics is discussed, and some is-

sues are suggested for future research to address.

Keywords: Attitudes towards mathematics, secondary educatimathematics education,

confirmatory factor analysis.
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Resumen

Introduccion. El bajo logro y el escaso compromiso en matengtitsalos estudiantes de
secundaria estan estrechamente relacionados cattsusles hacia la asignatura. A pesar de
la amplia investigacion existente al respecto, @wsion exhaustiva de la literatura sobre
instrumentos para su medicion concluye con la isistencia en la definicion de la concep-
tualizacion tedrica y correspondiente estructudoféal del constructo actitudes hacia las
matematicas. Por tanto, el objetivo de este eseglaesarrollar y validar un instrumento para
la medicion de las actitudes hacia las matematieasstudiantes de secundaria basado en un

detallado marco teorico previo.

Método. La muestra estuvo compuesta por 792 estudiartesyrea edad media de 13. T

= 1.09) afos, procedentes de Bizkaia (Comunidadruma del Pais Vasco, Espafia). Se
llevaron a cabo analisis factoriales confirmatopasa testar la estructura tedrica no jerarqui-
zada propuesta, consistente en tres factores osttos de primer orden (autoconcepto ma-

tematico del estudiante, utilidad percibida dent@éematicas e interés hacia las matematicas).

Results.Los resultados confirmaron que este modelo prabartiuenos indices de bondad de
ajuste. Los analisis correspondientes a consistenigrna, validez discriminante y validez de
criterio arrojaron buenos coeficientes alfa de GemM, correlaciones significativas entre las
dimensiones propuestas y correlaciones moderagasifivas entre las actitudes hacia las
matematicas y el rendimiento matemético de losdesttes, que fue medido con un test ma-

tematico desarrolladad-hoc

Discussion.La escala resultante, de 19 items, representasiruinento psicométricamente
robusto tanto para fines de investigacion como pdesvenciones educativas. Para concluir,
se discute la contribucion del presente estudéndito de las actitudes hacia las matemati-

cas, Yy se sugieren algunos aspectos para futnessl|de investigacion.

Palabras Clave:Actitudes hacia las matematicas, educacion seciaaaiucacion matema-

tica, andlisis factorial confirmatorio.

Recibido: 28.11.15 Aceptacion lalicl4.12.15 Aceptacion find6.10.16
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Introduction

Students’ mathematical underperformance has beasamgsome in many countries
(Lipnevich, MacCann, Krumm, Burrus, & Roberts, 2D1Despite the growing importance of
mathematical thinking and mathematics-related skdr an individual’s full development in
today’s society, this subject is perceived by neigtlents as abstract, difficult, boring and
without relation to tasks of everyday life (Ignacitieto, & Barona, 2006). In such a context,
socio-cognitive theories have suggested that stadéeliefs and expectations are a major
determinant of their pursuit of and engagement athematics courses (Crombie et al., 2005;
Grootenboer & Hemmings, 2007; Malmivouri, 2007).wéwer, those attitudes are not innate
but formed over time by experiences, declining moeér the transition from upper elemen-

tary school to junior high school (Watt, 2000).

An international body of research has highlightled tlose relationship between stu-
dents’ dropout rates in mathematics and both thegsent and future mathematical perfor-
mance (Bouchey & Harter, 2005; Anjum, 2006; Skaali Skaalvik, 2006; Samuelsson &
Granstom, 2007; Kadijevich, 2008; Williams & Willies, 2010; Lipnevich, MacCann,
Krumm, Burrus, & Roberts, 2011). In this line, pewtarly interesting is the meta-analysis
carried out by Ma and Kishor (1997) with longitualimodelling. The findings suggested that
attitudes towards mathematics exerted causal sftecimathematics achievement. However,
the corresponding observed effect sizes were fdarxze small, which was explained by the
authors as a consequence of certain psychometritations in the instruments designed to
measure attitudes towards mathematics. These |maiie been also acknowledged in more
recent research by Zan, Brown, Evans and Hann@@6(2and Lim and Chapman (2013),
which asserted that the factor structure of atétutbwards mathematics remains ambiguous.
As seen in Table 1, a deep look on the psycholbliieeature provides a number of differing
conceptualizations of the construct attitudes towanathematics, which has resulted in many
instruments targeting to measure it. These measmenfor assessing attitudes towards
mathematics have been drawn from peer-reviewedestiMeasurements for assessing atti-
tudes towards science or statistics have not bessidered in this literature review because
recent evidence suggests that attitudes towarde tineee subjects show different trajectories
over adolescence, meaning that each constructglbeuinvestigated separately (Barth et al.,
2011).
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From the existing instruments, the Fennema-SherMathematics Attitude Scales
(FSMAS; Fennema & Sherman, 1976) have been thewdsty used across all levels of the
mathematics curriculum. Since its development, $kisof nine subscales has been translated
into several languages for its use with sampleas fdifferent sociodemographic backgrounds.
Nevertheless, O’Neal, Ernest, McLean, and Templét888) have yielded poor validity and
reliability scores, concluding that the originabsaales might not properly gauge the research
construct. In line with this, Melancon, Thompsamd Becnel (1994) were unable to find a
suitable model fit for the original structural pogal by Fennema and Sherman (1976) and
yielded a more parsimonious structure, consistihgight factors. Likewise, Mulhern and
Race (1998) proposed a shortened version of siaraepfactors, which yielded better inter-

nal consistency on both the full scale and undeggubscales.

Another interesting instrument is the Attitudes Boav Mathematics Inventory (ATMI;
Tapia & Marsh, 2004), which has a more distinct anbesive factor structure, assessed by
both exploratory and confirmatory analyses. Howgthes 40-item scale is too time demand-
ing. Therefore, in order to reduce the time reqliie its administration, Lim and Chapman
(2013) developed a shortened version. The conforgadnalyses yielded sound properties,
but a high correlation coefficient was found betwéle enjoyment and motivation dimen-
sions ( = .96). This result indicated that these two lafantors were statistically isomorphic
and therefore, a reduction of the factor structoréhree factors would presumably yield a

better model fit to the data.

On the other hand, some instruments, although pityrdeveloped to measure attitudes
towards mathematics, actually comprise in the saoa¢e both attitudinal dimensions (e.g.,
motivation, perceived usefulness) and mathematiggety. That is the case of the Fennema-
Sherman Mathematics Attitude Scales (FSMAS; Fenn&ngherman, 1976), Mathematics
Attitude Inventory (MAI; Sandman, 1980), EscalaAtgitudes hacia las Matematicas (EAM;
Auzmendi, 1992), Escala de Actitudes hacia la Matera-Universidad (EAHM-U; Bazan,
1997) and Short form of Mathematics Attitude Soiasar, 2014). Nevertheless, as Evans
(2006) claimed, attitudes towards mathematics aathematics anxiety are two separate sub-
domains of the more general domain mathematicattfiThis means that the construct atti-
tudes towards mathematics has its own factor strecnd its assessments should be tested
separately from mathematics anxiety.
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Moreover, research on the subdomain attitudes ttsvarathematics has extensively
acknowledged its multidimensional nature and hastifled student’s confidence as a salient
underlying variable (Ruffell, Mason, & Allen, 19986mez-Chacdn, 2000; Hanulla, 2002; Di
Martino & Zan, 2010). In some cases, student’s idenice is not included, such as in the
Math Attitude Scale (Aiken & Dreger, 1961), the fut Scale (DAS; Dutton & Blum, 1968),
Enjoyment and Value scales (E and V scales; Aik&Y4), Instrument measuring certain
attitudes toward mathematics (Michaels & Forsyt77) and Cuestionario para medir las
actitudes hacia las matematicas en alumnos de EB@og & Mato, 2006). In other cases,
this variable appears divided into two subfactetgh as in the scale for measuring attitudes
toward mathematics in Compulsory Secondary Educgéddemany-Arrebola & Lara, 2010)
and Escala de Actitudes hacia las Matematicas (ERM&acios, Arias& Arias, 2014). In the
former, the authors distinguished between posdaive negative self-concept; in the latter, the
authors distinguished between the perceived matieshancompetence and self-concept.
However, due to their nature, in both cases, the swbfactors considered by the authors

should be constituent of the same homogeneous dioren

The current study
Drawing on the literature review, the comprehensimalysis of the content of Table 1
suggests the item redistribution in three main gmies: student’s math self-concept, per-

ceived usefulness of mathematics and interest &shematics.

Table 1.Measurements for assessing attitudes towards mmetties

Instrument Dimensions/Items Psychometric evi-

dence
Math Attitude Scale A unidimensional 20-item scale consisted of 10 g&mn-  EFA
(Aiken & Dreger, 1961) noting negative feelings and 10 items connotingtives Test-retest reliabil-
feelings. ity: .94
(N=127)

The Dutton Scale (DAS; A homogeneous scale consisting of 27 items thatidis Spearman-Brown
Dutton & Blum, 1968) nate between positive and negative feelings alrithivae-  reliability for the full
tic. scale: .84
(N=346)

Enjoyment and Value A set of two scales, which can be used either ségigror EFA

Scales (E scale and V  jointly: Enjoyment scale (11) and Value scale (10) Cronbach’s alpha for

scale; Aiken, 1974) E scale: .95
Cronbach’s alpha for
V scale: .85
(N =190)

Fennema-Sherman A set of nine subscales, which can be used eidparately EFA
Mathematics Attitude or jointly: Mathematics anxiety scale (12), attéutward Split-half reliability
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Scales (FSMAS; Fenne- success in Mathematics scale (12), confidenceaimiag
ma & Sherman, 1976) Mathematics scale (12), effectance motivation irthdenat-

(for the subscales):
.86-.93

ics scale (12), father scale (12), mother scalg (H#athe- (N=1,600)
matics as a male domain (12), teacher scale ($8julness
of Mathematics scale (12).

Instrument measuring A set of four subscales: enjoyment of word probléi)s EFA

certain attitudes toward
mathematics (Michaels
& Forsyth, 1977)

enjoyment of pictorial problems (1), appreciatidrnhz
utility of mathematics (10), security with matheiat(10),

Spearman-Brown
reliability (for the
subscales): .51-.78
(N=299)

Mathematics Attitude
Inventory (MAI; Sand-

A set of six subscales, resulting in a total oftééns: per-
ception of Mathematics teachers, value of Mathersati

EFA
Reliability (for the

man, 1980) self-concept in Mathematics, math anxiety, enjoyhuén subscales): .69-.89
Mathematics, motivation in Mathematics. (N=5,034)
Escala de actitud de A 22-item scale with three underlying factors: tiggi use- EFA

caracter verbal (Gairin,
1990)

fulness, and confidence-anxiety.

Test-retest reliability
(for the dimensions):
77-.93

(N=3,637)

Escala de Actitudes haciaA 25-item scale with five underlying factors: udetss (5),
las Matematicas (EAM; confidence (5), anxiety (5), liking (5), motivati¢h).
Auzmendi, 1992)

EFA (PCA and VR)
Cronbach’s alpha
(for the dimensions):
.50-.91

Cronbach’s alpha for
the full scale: .93
(N=1,221)

Escala de Actitudes haciaA 31-item scale with four underlying factors: affigiy (8),
la Matematica- applicability (8), ability (8) and anxiety (7).

Universidad (EAHM-U;

Bazan, 1997)

EFA

Cronbach’s alpha
(for the dimensions):
71-91

Attitudes toward Mathe- A 29-item scale comprising three subscales: likorgnath-
matics and Mathematics ematics (11), liking for mathematics taught withrgauter
Taught with Computer  (11), self-confidence (7).

(AMMEC; Ursini,

Sanchez, & Orendain,

2004)

EFA

(PCA and VR)
Cronbach’s alpha
(for the subscales):
.68-.81

Cronbach’s alpha for
the full scale: .80
Split-half reliability
for the full scale: .71

(N=439)
Attitudes toward Mathe- A 40-item scale with four underlying dimensiondfse EFA (ML and VR)
matics Inventory (ATMI; confidence (15), value (10), enjoyment (10), mdioa(5) and CFA

Tapia & Marsh, 2004)

Cronbach’s alpha
(for the dimensions):
.88-.95

Cronbach’s alpha for
the full scale: .97
Test-retest reliability
(for the dimensions):
.70-.80

Test-retest reliability
for the full scale: .89
(N=545)

Cuestionario para medir A 19-item scale with two underlying factors: likiagd
las actitudes hacia las  usefulness (9), teacher’s attitude toward mathexmaeer-
matematicas en alumnos ceived by the student (10)

EFA (PCA and VR)
Cronbach’s alpha for
the full scale: .97
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de ESO (Muioz & Mato, (N=1,220)
2006)
Scale for measuring A 35-item scale with seven underlying factors: hédwaral EFA and CFA

attitudes toward mathe-
matics in compulsory
secondary education
(Alemany-Arrebola &

component (13), affective component (7), negatalée s
concept (5), positive self-concept (3), cognitieenponent
(3), demotivation towards mathematics (2), expestdB)

Cronbach’s alpha
(for the dimensions):
.43-.89

Cronbach’s alpha for

Lara, 2010) the full scale: .92
(N=236)
Shortened version of the A 19-item shortened ATMI version with four subscale EFA and CFA

Attitudes toward Mathe- enjoyment (5), motivation (4), self-confidence (Bgr-
matics Inventory (short ceived value (5).

ATMI; Lim & Chapman,

2013)

Cronbach’s alpha
(for the subscales):
.85-.90

Cronbach’s alpha for
the full scale:.93
Test-retest reliability
for the full scale: .75

(N=1,601)
Short form of Mathemat- A 19-item scale with four underlying dimensionsjosn EFA (BCA) and
ics Attitude Scale (Yasar, ment (6), fear, anxiety and boredom (5), place aframat- CFA

2014) ics in life (4), perceived mathematics success (4).

Cronbach’s alpha
(for the dimensions):
.82-.89

Cronbach’s alpha for
the full scale: .96

(N=1,801)
Escala de Actitudes haciaA 32-item scale underlying four dimensions: periepof EFA (PAF, ML and
las Matematicas (EAM; mathematical incompetence (12), liking (12), peticepof  PR) and CFA

Palacios, Arias, & Arias, usefulness (4), mathematical self-concept (4)
2014)

Cronbach’s alpha
(for the dimen-
sions):.68-.93
Cronbach’s alpha for
the full scale: .95
(N=4,807)

Note BCA=Basic Component Analysis, CFA=Confirmatoryctea Analysis, EFA=Exploratory Factor Analy-
sis, ML=Maximum Likelihood, PCA=Principal Componehmalysis, PR=Promax Rotation, VR=Varimax Rota-
tion.

Using this categorization as a basis for the ptestenly, the theoretical model proposed
to be tested is tri-dimensional and non-hierarahizeith the following definitions for the

three related first-order latent factors:

Student’s math self-conce@ncompasses a broad range of student’s respabses
her or his ability to learn and do mathematics.(é¢lgam unable to solve math problems”). A
student who scores high this dimension believes that she or he has thiéyab understand
and solve math-related tasks. On the other hastyjdent scoring low in this dimension does

not believe that she or he has the ability to ustded and do mathematics.

- 564 - Electronic Journal of Research in Educational Psyolgy, 143), 557-5811SSN: 1696-2095. 2016. no. 40

http://dx.doi.org/10.14204/ejrep.40.15163




Attitudes towards mathematics at secondary leveldlbbpment and structural validation of the ScateAissessing Attitudes
towards Mathematics in Secondary Education (SATMAS)

Perceived usefulness of mathematimgasures the students’ extrinsic utility value of
mathematics. This dimension, as defined by Ecahes\Wdigfield (2002), measures students’
beliefs about the applicability of mathematics ttogir current and future goals and in relation
to school, career and everyday life (e.g., “Leagmmath will increase my future job opportu-
nities”). Therefore, a student who scores higtia timension finds mathematics very useful
for both their current and future goals; whereasualent scoring low finds it useless for both

their current and future goals.

Interest for mathematicsefers to the amount of interest students haveaming and
doing mathematics (e.g., “Time just flies by wheanh solving math problems”). A student
who scores high in this dimension has high interekarning and doing mathematics. On the
other hand, a student scoring low dislikes math@siafinds it boring and does not take

pleasure from learning and doing mathematics.

Method

Participants

The sample consisted of 792 secondary studentshwiere selected via a cluster-
sampling method from 36 classes from the provirfdgiscay (Basque Country Autonomous
Region, Spain). This sample was then divided into $ubgroups according to the language

in which they learn mathematics (see Table 2).

Table 2.Sociodemographic profile of the sample

2nd grade 4th grade
Total
Females Males Females Males
Subsample 1 45 72 88 138 343
Subsample 2 137 138 88 86 449
Total 182 210 176 224 792

Instruments

Scale for assessing attitudes towards mathematisegondary education (SATMAS)

A pool of items was collected from all the examinestruments (see Table 1) and re-
distributed in the aforementioned three dimensidiiter removing redundant items, reword-

ing some others and adding a few newly written pad#al pool of 36 items was obtained
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and sorted as follows: student’'s math self-con€&p}, perceived usefulness of mathematics
(12) and interest for mathematics (12).

As part of the content validity process, a reviemgl with nine experts on research and
didactics was established. They were asked toifjtasagch item within just one dimension,
and then rate its accuracy and clarity of writimgabcontinuous scale ranging from 0 to 10.
They were also prompted to send comments or suggsshor improvement if considered
necessary. Based on these criteria, a series @fialeevas made, resulting in a final version
of SATMAS with 23 items distributed as followstudent’s math self-concept (ferceived
usefulness of mathematics (9) anterest for mathematics (7).

Next, because mathematics in Basque Country caledraeed in either Spanish or
Basque, a one-way translation was carried out.fifsteauthor, who spoke both Spanish and
Basque, initially translated the items into Basqraphasizing the conceptual meaning of the
items more than the literal one. Subsequently,dwmerts whose native language was Basque
were contacted to identify inadequate expressions discrepancies between the forward
translation and the original version. After recetitheir comments and suggestions, the last
Basque adaptation of the scale was obtained. Fjradkticipants were asked to rate their de-
gree of agreement with the statements on a conistesponse scale ranging from 0 (Strong-

ly disagree) to 10 (Strongly agree).

Math achievement test

Students’ math achievement was assessed with ¢ine gbtained in a math curriculum-
based test specifically adapted to both secondamth Compulsory Secondary grades of the
educational context of the Basque Country AutonanBegion (Spain). The measure was
primarily based on the existing Diagnostic Tool$iekh measure math competence in Sec-
ondary Education. Once the items of the existirgstavere collected, these were examined
according to the criteria of subject content arelgpecific math sub-competency as measured
in the scholastic curriculum set by Basque Cou@pvernment. After deleting redundant
items, rewording some others and adding a few newrliten parts, the last version of the
tests was obtained (see Table 3).

Table 3.Distribution of items in the math achievementsest
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2" grade 4" grade

Numerical skills Arithmetic and algebra 14 7
Measurement and geometry 9 5

Math problem solving skills Functions and figures 4 20
Statistics and probability 11 3
Total 38 35

Additionally, it was obtained evidence for the eribn-related validity of the tests by
showing moderate correlation scores between acgw@res obtained on these tests and the
scores obtained in the subject both in secornd.f35,p < .001) and fourth grade € .398,p
< .001). The internal consistency for the toolpasasured by Cronbach’s alpha, veas .80

anda =.87 for second and fourth grade, respectively.

As seen in Table 3, each test consisted of two segtions. The first, targeted to meas-
ure numerical skills, included arithmetic calcuatithat students had to solve without calcu-
lator in a time limit of 5 minutes. The secondgeted to assess student’'s math problem solv-
ing skills, included a series of math situation$ormat of multiple choice exercises with four
alternatives and only one correct answer. In sterng error correction formula for guessing
was applied. The time limit to complete this paasvB0 minutes and students were allowed to

use a calculator.

Sociodemographic questionnaire
Survey items were also included to gather partidgapersonal background infor-

mation (age, sex and language in which the studams mathematics).

Procedure

Once the research was approved by the Ethics Caearof the University, the princi-
pals from the selected schools were contactedmileand informed of the nature of the re-
search. They, in turn, presented it for approvah ataff meeting. After written permission
was granted by the schools, a cover letter was teesttudents’ parents or guardians to tell
them the purpose of the study and explain thaectdt data were going to be dealt with con-
fidentially and used solely for research purpos$acipals and parents or guardians were
provided with the email address of the first autaond students were informed of the general
purpose of the study and of their rights as pgdicts, stressing that their participation was
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anonymous and voluntary. No incentives (e.g., atacleredits) were offered in exchange for

participation.

Data were collected by the first author and a psepwained assistant from October to
November 2014. The questionnaires were administecdiéctively in the students’ usual
classrooms in the absence of the teacher. Eitleeadthor or the trained assistant was in the
classroom the entire time to explain the procedine SATMAS and the math achievement
test took 15 and 35 minutes to complete, respdgtiid student withdrew from participation

during the questionnaire administration.

Data analysis

A series of statistical analyses were carried suigithe software packages IBM SPSS
Statistics 22.0, AMOS 22.0 and EQS 6.2. Due tonthwtivariate non-normality of the data,
the parameters of the Confirmatory Factor Analysenceforth, CFA) were estimated using
the maximum likelihoodNIL) and robust estimation methods. Items were fotoeldad on
their hypothesized factors. The variances for ttet bbserved indicator of each latent varia-
ble were fixed to 1, and the variances for all eweights and the remaining parameters were
freely estimated (Ullman, 2006). The data analgsissisted of two phases. The first phase
was to conduct the CFA for the theoretical struetdrhe second phase was to improve the

last version of the scale.

To determine which structure best fits the datagisd indices were used to judge the
adequacy of the CFA. Because the Satorra-Bentiesqeare %%s.s) may be affected by the
sample size and the complexity of the model (HBliack, Babib & Anderson, 2010), addi-
tional indices were considered: a) the rati6s.s /df (degrees of freedom); b) the Bentler-
Bonett non-normed fit index (NFI); c) the comparatfit index (CFl); d) Bollen’s incremen-
tal fit index (IF1); e) the standardized root mesmuare residual (SRMR); and f) the root mean
square error of approximation (RMSEA) with a 90% fadence interval. To interpret these
indices, the following criteria were used:yajs.s / df < 2 (excellent)x %s.s / df < 3 (good)x
sp/ df < 5 (acceptable) (Bentler, 2005); b) NFI90 (good), NFE .95 (excellent) (Bentler,
2005); c) CFPk .90 (good), CFP .95 (excellent) (Hoyle & Panter, 1995); d) B-190 (good),
IFI1 > .95 (excellent) (Hoyle & Panter, 1995); e) RMRO08 (good), RMR< .05 (excellent)
(Hu & Bentler, 1998); f) RMSEA< .08 (good), RMSEA< .05 (excellent) (Hu & Bentler,
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1998). In addition, the Akaike’s information crit@n (AIC) was used to compare the factor
structures with different estimated parametersuchsa way that lower values indicated high-

er parsimony for the model.

Reliability was assessed with the composite rdligiiCR) and Cronbach’s coefficient
(a). To interpret the scores, values above .50 ferfthmer were considered adequate (For-
nell & Larcker, 1981) and values above .70 forldtter were considereacceptable (Nunnal-
ly, 1978). Finally, the validity assessments ineldctonstruct validity, discriminant validity
and criterion-related validity. Construct validityas tested via the aforementioned goodness-
of-fit indices for the model; discriminant validityas examined through the inter-factor corre-
lations, setting as the criterion that values bel8®@ indicate that the latent factors are not
statistically isomorphic (Mahoney, Thombs, & How&95); criterion-related validity was
assessed with correlate coefficients between theesobtained in the math achievement test

and the levels of attitudes towards mathematics

Results

Preliminary item analysis

Prior the psychometric analyses, the items wordaghtively were recoded, and data
inspections were conducted for the accuracy of datey, the percentage of missing data and
the assumptions of both univariate and multivarrademality. Given the low missing data
rate (< 5%), which was considered reasonable (Tabek & Fidell, 2007), the maximum
likelihood (ML) estimation method was used with listwise deletBrown, 2006). Next, the
normality assumption was examined in two phasest,Rhe univariate normality was tested
though skewness and kurtosis, assuming that valo@ge 2.3 indicate large divergence from
the normal distribution (Lei & Lomax, 2005). Thesdeptive statistical analysis showed that
the majority of items met the criteria. The two eptions was IT08 (skewnegs -1.74, kur-
tosiss; = 3.48) and IT12 (skewness= -1.60, kurtosig; = 2.51; skewnesgs = -1.59, kurtosis
= 2.35), but visual inspection of the correspondingphic distribution of scores showed that,
although initially identified as outliers, they veesuitable for being retained. Second, multi-
variate normality was tested via the Mardia’s stadized estimator, which in the current
study was 45.04p(< .001) in Subsample 1 and 27.46<.001) in Subsample 2, well above
the proposed minimum value of 3.00 (Bentler, 200Eman, 2006). Therefore, the violation
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of multivariate normality encouraged carrying olg testimations with robust methods for
standard errors, statistical errors and goodnesisiofiices (Satorra, 2003).

Confirmatory factor analysis
In the confirmatory phase, the theoretical modehststing of three related first-order
factors M1) was first tested for both subsamples. Table 4vshihe fit indices of the struc-

ture.

Table 4.Goodness-of-fit indices for the theoretical madél)

Model Subsample y’sg/df NNFI CFI IFI SMSR RMSEA (90% CI) AIC
M1 S1 3.56 90 91 .91 .071 .068[.062,.072] 354.52
S2 2.06 90 .91 .91.079 .068[.059,.077] 13.683

The modelM1 was further inspected through the standardizetbfdoadings, modifi-
cation covariance indices and standardized resiclmadriance scores. The factor loadings of
the model (see Table 5) and standardized residnariance coefficients suggested that it
could be significantly improved by eliminating itel® (IT10: “Only practical stuff, which we
use outside school, should be taught in math d&ssgem 11 (IT11: “Math should be
learned only by those who will use it in their jBband item 16 (IT16: “Math is useful for
understanding the rest of subjects”) because of tbe factor loadings and high residual
covariance scores. Regarding modification covagaindices, these suggested to covariate
item19 (IT19: “Time just flies by when | am studgimath”) and item 21 (IT21: “Time just
flies by when | am solving math problems / exeis®n one hand, and item 14 (IT14:
“Learning math will increase my job opportunitiesthd item 15 (IT15: “Learning math is

important for my future job”) on other hand.

Table 5.Standardized factor loadings for the theoreticaldal (M1)

Subsamplel (N=563) Subsample 2 (N=229)
Factor Iltem Standardized fac- Error Standardized fac- Error
tor loading weight tor loading weight
ITO1 .756 .655 621 .784
ITO2 .852 524 T74 .634
Student’'s math self- ITO3 .887 462 .812 .584
concept ITO4 749 .663 73 .635
ITOS .685 729 .600 .800
ITO6 .808 .589 .668 744
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ITO7 874 487 .823 .569

ITO8 .663 (48 .700 715

ITO9 .596 .803 .581 .814

IT10 370 .929 243 970

Perceived utility of IT11 490 871 420 .907
mathematics IT12 717 .697 79 .627
IT13 .651 759 (52 .659

IT14 .566 .825 .684 .730

IT15 .604 797 .605 797

IT16 482 .876 499 .867

IT17 .865 .502 .880 476

IT18 .908 418 .920 .393

Interest for mathe- IT19 .507 .862 .568 .823
matics IT20 831 .556 .865 501

IT21 .622 783 .587 .810

IT22 .864 .503 .861 .509

IT23 794 .609 672 741

In light of these results, a series of improvemevese implemented iM1 and the cor-
responding goodness-of-fit indices were recalcdtad¢ a model resulting from both eliminat-
ing item 16 (IT16), item 10 (IT10) and item 11 (MM)land forcing to covariate item 19 (IT19)
and item 21 (IT21) on one hand, and item 14 (ITda item 15 (IT15) on other hansl{a);

b) a model resulting from both eliminating item (1616), item 10 (IT10), item 11 (IT11) and
item 14 (IT14) and making no covariance relatiopstetween itemd1b); and c) a mod-
elresulting from both eliminating item 16 (IT16)em 10 (IT10), item 11 (IT11) and item 14
(IT14) and forcing to covariate item 19 (IT19) aitein 21 (IT21) M1c). Table 6 shows the
fit indices of the modified structures tested fottbsubsamples.

As shown in Table 6M1a andM1c showed the best goodness-of-fit indices based on
the aforementioned cut-off criteria. Indeed, bdikit SMSR and RMSEA values were the
lowest among the four structures and th@irg / df ratios were either below 2.00 or border-
line. Likewise, these structures showed valuedNfgFI, CFl and IFI above .95 or borderline,
indicating excellent values for these fit indicB®garding the Akaike’s information criterion
(AIC), bothMlaandM1cobtained very similar scores, meaning that theyevparsimonious.
Finally, their standardized residuals were alsolkarad symmetrically distributed. Conse-

guently, on the basis of their almost identical dyoess-of-fit indicesM1c was proposed as
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the best structure to explain the construct atisutbward mathematics, as it showed a sim-
pler structure compared to thatMfla

Table 6.Goodness-of-fit indices for the revised structures

Model Subsample y’sgdf NNFI CFl IFl SMSR RMSEA (90% CI) AIC

M1 S1 3.56 90 .91 .91.071 .068[.062,.072] 354.52
S2 2.06 90 .91 .91.079 .068[.059,.077] 13.683
M1la S1 2.78 94 95 .95.053 .056[.050,.062] 128.803
S2 1.62 95 .96 .96 .058 .052[.040,.063] -63.335
M1b S1 3.28 93 .94 .94 .056 .064[.057,.070] 190.994
S2 1.77 94 95 .95.060 .058[.046,.069] -34.504
M1c S1 2.88 94 95 .95.053 .058[.051,.064] 130.788
S2 1.54 96 .96 .96 .057 .049[.036,.061] -68.206
Final model

In addition, all standardized factor loadings amgri-factor correlations were statistical-
ly significant < .05), with values ranging from .49 to .92 forttadoadings and from .21 to
.73 for inter-factor correlations (see Figure 1he3e results underscored the discriminant

validity of the scale between the three underlyatignt factors.

102 1T03] 1T04 ITOS IT08 102 1103 1T04 IT0S IT08
= s \® |8l oy 5] 81 wos/ o
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= ]
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Figure 1 Confirmatory factor analysis of SATMAS with subgale 1 N = 563) and subsam-
ple 2 N = 229)
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Note MSC=Math Self-Concept, PUM=Perceived Usefulndddathematics, IM=Interest for Mathematics.

Additional properties of the last 19-item SATMAS neeassessed with the composite
reliability (CR) and Cronbach’s coefficienta] of each dimension. The reliability analyses
showed good internal consistency of the studentthrself-concep{CR;; = .93, as1 = .93;
CRs2 = .89, asx = .89), perceived usefulness of mathemai(€$; = .78, as; = .78; CR, =
.80, as, = .80) and interest for mathematics (GR .90,0s; = .91; CR, = .90,05, = .91). Re-
garding the full scales, reliabilities wemg = .93 andu, = .91 for Subsample 1 and Subsam-
ple 2, respectively. The reliability scores werarfd to be good based on the Nunnally’s cri-
terion (Nunnally, 1978). Therefore, the resultsgagied that the items were internally con-
sistent in representing the corresponding factor.

Finally, criterion-related validity for the scaleaw assessed by the Pearson correlation
coefficients between attitudes towards mathematrzs the scores obtained in mathematics
achievement tests. Positive significant correlaiovere found, as expected, between stu-
dent’s math self-concept and math achievemest (23,p < .001;rs= .22,p < .001), per-
ceived usefulness of mathematics and math achievefmg= .22,p < .001;rs= .23,p <
.001) and interest for mathematics and math achewneé ¢s; = .20,p < .001;re;= .21,p <
.001). The full scale is included in Table 7.

Table 7.Last version of the 19-item SATMAS

ITO1 I feel more foolish than my classmates when solving
math problems and exercises

ITO2 In spite of my effort, | cannot understand math

| have difficulties with math

| was not a born math learner

ITO5 | am unable to solve math problems

ITO6 Whatever | do, | get low grades in math

ITO7 It will be always hard for me to learn math

ITO3
Student’s math self-concep‘h_O 4

ITO8 Math is very useful

ITO9 Everybody needs to learn math

IT12 Math is necessary for life

IT13 Math is important for society development
IT15 Learning math is important for my future job

Perceived usefulness of
mathematics

IT17 | like studying math
Interest for mathematics IT18 | like math
IT19 Time just flies by when | am studying math
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IT20 Studying math is fun

IT21 Time just flies by when | am solving math probleims
exercises

IT22 Math is entertaining
IT23 Math is a drag

Discussion

Over the past years, there has been a growingesitar studying the students’ attitudes
towards mathematics because of their important irolthe engagement in and mastery of
mathematics (e.g., MclLeod, 1992; Goldin, 2002; @&mwoboer & Hemmings, 2007;
Malmivouri, 2007). Nevertheless, correlational ash on attitudinal variables and mathe-
matical performance has been contingent on thehpsyetric properties of the measurements
for measuring the construct attitudes towards nma#tties. Three conclusions may be drawn
from a comprehensive literature review on the egsinstruments. Firstly, the most widely
cited instruments are the FSMAS (Fennema & Sherri8ig) and the ATMI (Tapia &
Marsh, 2004), which have also been translated seieeral languages for their use in back-
grounds with different socio-cultural charactedastiHowever, subsequent replication studies
of these instruments (e.g., O’Neal, Ernest, McL&af,empleton, 1988; Melancon, Thomp-
son, & Becnel, 1994; Mulhern & Race, 1998) haveaniatd evidence that rebuilding some of
their latent factors and shortening the scalesteef subdomains would yield a better fit to
data. Secondly, there are some instruments (i.&l, Mandman, 1980; EAM, Auzmendi,
1992; EAHM-U, Bazan, 1997; Short Form of Mathermm#dtitude Scale, Yasar, 2014) that,
although primarily set to measure attitudes towandshematics, actually mix both attitudinal
factors and mathematics anxiety. Neverthelessudés towards mathematics and mathemat-
ics anxiety are claimed to be considered as twarsép subdomains of the more general do-
main mathematical affect (Evans, 2006). This mehas attitudes towards mathematics has
its own factor structure and its assessments shmmutdsted separately from mathematics anx-
iety. Thirdly, they are other measurements thahaloinclude student’s self-confidence as an
underlying factor (i.e., in the Math Attitude Scakiken & Dreger, 1961; DAS, Dutton &
Blum, 1968; E and V Scales, Aiken, 1974; Instrumemasuring certain attitudes toward
mathematics, Michaels & Forsyth, 1977; and Cueationpara medir las actitudes hacia las
matematicas en alumnos de ESO, Mufioz & Mato, 200@)at include it in such a way that

remains ambiguous (i.e., in the scale for measuatititydes towards mathematicsGompul-
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sory SecondaryEducation, Alemany-Arrebola & Lara, 2010; and EAMyl&tios, Arias, &
Arias, 2014). As a result of this lack of consistgim defining the theoretical conceptualiza-
tion of the construct attitudes towards mathematits paper aims to develop and validate

by means of confirmatory techniquasstructural model for this construct.

Drawing on the comprehensive analysis of the exgsinstruments, three latent factors
are tested as first-order constituents of theuatis towards mathematics, considering this as a
non-hierarchized structure: a) students’ math cetfeept, b) perceived usefulness of mathe-
matics, and c) interest for mathematics. The sangolesisting of 792 compulsory secondary
students, was divided into two subgroups accortiinthe language in which they learned
mathematics (Spanish or Basque). Goodness-ofefit@s were calculated for the theoretical
model and further improvements were made after @xam standardized factor loadings,
modification covariance indices and standardizetitel covariance scores. The last version,
obtained after eliminating four original items afiedcing to covariate to another two pairs of
items, yielded a better model fit. The goodnes§itofdices were found to be very similar in
both student subgroups. Internal consistency, medsby Cronbach’s coefficient, had an
average value of .92, which was referred to as lexdteaccording to Nunally’s criterion
(Nunnally, 1978). Discriminant and criterion-reldtealidities were also assessed. On the one
hand, inter-factor correlation scores were positime ranged from .21 to .73, meaning that
the latent factors were not statistically isomocpl®n the other hand, bivariate correlation
analyses yielded significant positive correlatiarores between each attitudinal dimension
and the score obtained in the mathematical achiemenest, developedd-hoc Although
statistically significant, these correlation scone=e found to be small, which was explained
by the effect that other variables, not considenethis paper, had on students’ mathematical
achievement. In fact, a literature review drawsrdton to the fact that mathematics achieve-
ment is affected not only by cognitive and attinadifactors, but also by school environment
(Creemers & Reezigt, 2006) or instructional stregegVan de Grift & Houtveen, 2006).

Despite the promising findings, there are also sorathodological limitations that war-
rant cautious considerations in generalizing tiseilts. First, data were collected solely from
Biscay (Basque Country Autonomous Region, Spaiegmng that the results are not entirely
generalizable outside of a Basque population. Negksss, there are some pieces of evidence
suggesting that it is possible to rely on the duaif the data. On the one hand, the student
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sample was selected via a cluster-sampling methudithe descriptive statistics of the result-
ing group were very similar to that of the referempopulation, according to the official en-
rolment data of the Education Department of BasGaeernment for the school year in
which the study was carried out. As a result, #ts@@Ee group was representative and large
enough for the research purposes, although not ledetp probabilistic in case of generaliz-
ing the findings outside Biscay. In this line, frteuwesearch using larger samples from differ-
ent sociodemographic contexts would be necessdyttrer assess the invariance of the fac-
tor structure. On the other hand, this study presistrong reliability and validity evidence of
the instrument (i.e., construct validity, discrimm validity, criterion-related validity and in-
ternal consistency), but it would be interestingagsess the structural stability through test-

retest reliability analyses.

Given the reliability and validity evidence gatheéna the present study, the 19-item
SATMAS proves to be a promising instrument for ass® secondary students’ attitudes
towards mathematics. On the one hand, the resutislyy supported the theoretical conceptu-
alization according to which attitudes towards reathtics is a multidimensional construct
with a non-hierarchized structure consisting of theee aforementioned first-order factors
(namely, student’'s math self-concept, perceivedulisess of mathematics and interest for
mathematics). This was found to be a great corttaobuo the research on attitudes towards
mathematics. On the other hand, the developed ssad@asy to administer and not time-
demanding, as this short form takes secondary stsidés minutes to complete. Therefore,
either school counselors or educators might ude ineasure students’ attitudes towards
mathematics and provide early attention measureasage the levels of mathematical self-
concept and motivation were low. This might be oéag interest particularly for those stu-
dents showing strong mathematical skills but stimggwith low expectations and interest,
which put them at risk of disengagement in mathersatnd mathematics-related pathways.
In fact, since attitudes towards the subject haenkshown to decline from upper elementary
school to junior high school, developing and vdiita a measurement targeting secondary
students would furnish insights within the field mhthematics education and may well be-
come a starting point to identify and prevent thdsgpout risky situations at mathematics
classrooms. On other hand, researchers might wethe starting point to identify the key
domains of attitudes towards mathematics affedtiegnathematical achievement and further

investigate the variables which affect their prewak. In fact, assessing the dimensions un-
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derlying attitudes towards mathematics is critiwagain knowledge about the plausible fac-
tors that affect mathematical achievement.
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