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Instrument adaptation in cross-cultural studies of students' mathematics-related beliefs: Learning
from healthcare research

Abstract

Much comparative education-related beliefs research has exploited questionnaires developed in one
culture for use in another. This has been particularly the case in mathematics education, the focus of
this  paper.  In  so doing,  researchers  have  tended to  assume that  translation alone is  sufficient  to
warrant a reliable and valid instrument for cross-cultural research, prompting concerns that a number
of necessary equivalences are unlikely to have been addressed. In this paper we consider the nature of
these  equivalences  before  examining  the  literature  of  a  different  field,  healthcare  research,  to
synthesise  an  approach  to  instrument  adaptation  that  is  pragmatic  but  rigorous.  Finally,  we
demonstrate how this pragmatic approach, incorporating extensive cognitive interviews, enabled us
to adapt and refine a mathematics-related beliefs questionnaire, developed in Flanders, for use with
students, aged 14/15, in England and Spain. Analyses indicate that the instrument so developed is
multidimensional, reliable and cross-culturally valid. Some implications are discussed.

Keywords students'  mathematics-related  beliefs;  survey  research;  instrument  adaptation;  cross-
cultural research; Spain; England

Introduction

In recent years research has shown that students’ mathematics-related beliefs play a significant role in
determining their engagement with and subsequent learning of the subject (Ma and Kishor 1997;
DeBellis and Goldin 2006; Hannula 2006). Moreover, learner beliefs, or affect, is influenced by a
variety of factors, including the contexts in which learners operate, the role of teachers, parents and
friends,  and  day-to-day  classroom  interactions  (Op  ’t  Eynde,  De  Corte  and  Verschaffel 2002),
implying that the wider culture in which a school is located would have its own influence. This
conjecture finds support in evidence that despite similarity of content the classroom manifestation of
curricula varies considerably from one cultural context to another (Andrews and Sayers 2013; Clarke
2013) as do teachers’ beliefs about the nature of mathematics, its teaching and learning (Andrews,
2007;  Cai  and Wang 2010).  In other  words,  if  teachers’ mathematics-related beliefs differ cross-
culturally,  then  it  would  be  reasonable  to  assume  that  students’ beliefs  would  vary  similarly
(Schommer-Aikins  2004).  However,  despite  growing  interest  in  cross-cultural  examinations  of
students’ mathematics-related beliefs, whether small scale (Berry and Sahlberg 1996; Mason 2003) or
large scale (OECD 2004), relatively little attention has been paid to two key issues. The first concerns
the extent to which researchers have considered whether mathematics-related belief structures exist in
ways  that  allow  for  cross-cultural  analysis.  Indeed,  Alexander  (2000)  argues  that  all  matters
educational are so deeply embedded in the cultural contexts in which they occur as to be beyond the
simple  survey-operationalised  structures  typically  exploited  in  cross-cultural  belief  studies.  That
being said, studies of this criticised form have shown conceptual consistency in cross-cultural belief-
related research (Chan and Elliott 2004; Schommer-Aikins 2004) and highlighted both general and
culture-specific belief manifestations (Chen and Zimmerman 2007; Whang and Hancock 1994). The
second  concerns  whether  those  undertaking  such  studies  have  considered  the  extent  to  which
translation, as the means by which an instrument developed in one cultural context is adapted for use
in another, is an appropriate strategy. This is a not insignificant problem in mathematics education
research. Even well-known studies such as PISA (OECD, 2005), which undertook a cross-cultural
examination  of  student  mathematics  affect  as  part  of  its  major  focus  on  mathematics  in  2003,
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effectively  exploited  an  adaptation  of  translation  as  the  means  by  which  it  made  operational
internationally an instrument developed first in English and then in French. In this paper we attempt
to  address  both  questions  and,  in  so  doing,  contribute  to  the  methodologies  and  methods  of
comparative education research.

A first revision of the mathematics-related beliefs questionnaire

Our awareness of these problems emerged when, some years ago (Diego-Mantecon, Andrews and Op
’t Eynde 2007), we undertook a revision of the Mathematics-Related Beliefs Questionnaire (MRBQ)
(Op ’t  Eynde  De Corte and Verschaffel 2006).  Developed for use with students  in Flanders,  the
MRBQ was a research-derived multi-dimensional scale shown to be reliable in measuring Flemish 14
years-old students' beliefs about mathematics and its learning. The MRBQ yielded four broad factors
concerning students' beliefs about the role of their own teacher, beliefs about the significance of and
their own competence in mathematics, beliefs about mathematics as a social activity and, finally,
beliefs about mathematics as a domain of excellence, the latter two were found to be less reliable
than originally expected.

Our engagement with the MRBQ was prompted by three objectives. The first was to examine the
extent to which such belief systems transcend cultural boundaries; we adapted the instrument for use
in England and Spain. The second was to explore potential sub-factors, as the spread of items in each
of the four broad factors offered strong indications of their existence. The third was to improve the
robustness of the latter two factors. Our first attempt at addressing these objectives (Diego-Mantecón,
Andrews, and Op ‘t Eynde 2007) was based on the untested assumption that translation alone was
sufficient  to  guarantee  a  valid  tool  for  cross-cultural  research.  However,  while  we succeeded in
clarifying sub-factors in the original structures, we became increasingly aware that our assumptions
concerning  translation  had  led  to  a  less  effective  instrument  adaptation  than  we  had  initially
imagined.  Moreover,  further  examination  of  specialist  literature  led  us  to  the  understanding that
mathematics-related belief structures embraced many more dimensions than were addressed in the
MRBQ. Thus, we found ourselves in need of a better warranted and more systematic approach to
instrument adaptation. 

In  this  paper,  therefore,  we  do  not  revisit  our  understanding  of  the  literature  on  students’
mathematics-related beliefs, as that is, essentially, unrelated to our objectives. Instead we explore the
methodological implications related to the ways in which  instrument adaptation is undertaken - in
this  paper  instrument  adaptation refers  to  any  act  of  cross-cultural  instrument  development  or
adaptation of an instrument developed in one cultural context for use in another. To achieve these
objectives  we undertake  several  tasks.  Firstly,  we consider  what  advice the educational  research
literature has to offer on instrument adaptation. Secondly, we consider how instrument adaptation has
been managed by researchers in the field of mathematics education. Thirdly, we review an education-
unrelated field, medicine, for further instrument adaptation insights and, fourthly, we show how those
insights facilitated the development of a cross-culturally valid multi-dimensional instrument for the
measurement of middle grade students’ mathematics-related beliefs.

As indicated above, a recurrent problem in instrument adaptation is a reliance on literal translations
that research has shown may result “in phrases that do not make sense, sentences that are poorly
constructed, or even the loss of the original meaning of the item” (Van Widenfeld et al. 2005, 140).
They cite, by way of  example, an expression from a mental health survey instrument, whereby the
expression,  your  mind going  blank,  became,  in  Dutch,  een gevoel  van  leegte,  which  was  back-
translated as an empty feeling (Van Widenfeld et al. 2005, 136). Such expressions such, despite their
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transparency of meaning to a native speaker, are colloquial and unlikely to be rendered sensible by
any literal translation. Thus, while translation may be procedurally simple, too often it lacks quality
control as, typically, no assessment is made directly of the adequacy, or fitness for purpose, of the
original language items (Peña 2007), with the consequence that poorly worded or conceptually weak
items, even when subjected to successful back-translation, may go undetected (Smith 2004).

Principles for instrument adaptation in educational research

So, what principles exist for ensuring effective instrument adaptation? It would seem evident that an
adapted instrument should be as close to the original as possible, even if we are as yet unsure as to
what is meant by closeness. It is also increasingly clear that understanding something of the cultures
under scrutiny is crucial in effecting instrument adaptation. In this respect, Osborn (2004), drawing
extensively on the earlier work of Warwick and Osherson (1973), presents four principles. The first,
conceptual  equivalence,  concerns  the  question,  do the  concepts  under  scrutiny  have  equivalent
meanings in the examined cultures? For example,  notions  of teaching style may be familiar  to
English  teachers  but  are  largely  unknown  in  other  countries  (Osborn  2004).  The  second,
measurement equivalence, acknowledges that concepts may differ in their salience from one culture
to another or that some topics may evoke higher degrees of sensitivity than elsewhere. For example,
religion is a compulsory element of English children’s education but French schools are secular by
design. The third, linguistic equivalence, reminds us that equivalent words do not always guarantee
equivalent meaning, not least because language as translated is not necessarily language as lived.
For example, several European languages have only a single verb for the English verbs teach and
learn,  not  only  proving  linguistically  problematic  but  also  highlighting  cultural  differences  in
classroom relationships. Lastly, Osborn discusses the need to ensure that samples are as comparable
as far as cultural differences will allow, and have they been selected according to methodologically
similar procedures?

In relation to instrument translation, Peña (2007) also presents four principles. Firstly, she writes of
the importance of linguistic equivalence as translation, even if accurate, may not be sufficient. For
example,  languages  differ  in  the  use  of  and  importance  attributed  to  articles  –  in  English  it  is
frequently unimportant but in Spanish it is. Secondly, she writes of functional equivalence, or an
awareness that translation can lead to ambiguity or incongruity of meaning; the aim should be to
ensure that “the instrument and elicitation method allow examination of the same construct” (1257).
Thirdly, she discusses cultural equivalence, which entails an understanding not only of the salience of
the issues under scrutiny to the target audiences but also the ways in which different cultural and
linguistic groups interpret the underlying meaning of an item. Lastly, she writes of metric equivalence
and the need to consider item or question difficulty.

In sum, a survey adaptation should “keep the content of the questions semantically similar; within the
bounds  of  the  target  language,  keep the  question  format  similar;  retain  measurement  properties,
including the range of response options offered; and maintain the same stimulus” (Harkness et al.
2010, p117). Thus, instrument adaptation, when addressed appropriately, should ensure an adapted
instrument  that  is  not  only  "as  similar  as  possible  to  the  source  language  version”  but  also  “a
conceptually equivalent version that measures the same constructs and in which constructs retain the
same meaning” (Van Widenfeld et al. 2005, 136).

Instrument adaptation in mathematics-related belief practice

Despite such clear advice, many mathematics-related beliefs studies have tacitly assumed that survey
instruments  are  unproblematically  adapted  for  cross-cultural  use.  For  example,  with  respect  to
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students, a number of researchers have taken an instrument developed in one culture and translated it
for use in others (Pehkonen 1994; Pehkonen and Tompa 1994; Berry and Sahlberg 1996). In all cases,
assumptions were made that translation was an unproblematic and valid process. Interestingly, Mason
(2003)  evaluated  Italian  students’  mathematics-related  beliefs  by  means  of  author-translated
instruments  developed  in  the  US and  although  her  translated  instrument  yielded  “a  substantial
replication”  (Mason  2003,  82)  of  the  US  results,  a  scale  relating  to  word  problems  proved
inconsistent. She comments that, “the literal translation from English to Italian of the term “word
problem” is not meaningful, so only the term “problem” was used in formulating the questionnaire
items for this study”. In so doing, even if she had succeeded in constructing a robust scale for use in
the Italian context, her instrument would necessarily have examined a different construct from the
one underpinning the original scale.

More recently, Hannula and his colleagues seem to have engaged in a game of academic  Chinese
whispers,  whereby  an  instrument  developed  in  one  cultural  context  for  use  with  a  particular
respondent group was repeatedly, and without comment, adapted for use in different cultural contexts
and with different respondent groups. For example, Hannula et al. (2006) exploited, inter alia, self-
confidence  measures  from a scale  developed in  the  US for  school  children,  to  examine Finnish
trainee teachers' beliefs about mathematics teaching and learning. Later, Hannula and Laakso (2011)
used the Hannula et al. (2006) instrument, augmented by two US-derived scales, with Finnish grade
four and grade eight students. More recently, Tuohilampi, Hannula et al. (2013) exploited a simplified
version  of  Hannula  and  Laakso's  (2011)  instrument  to  examine  the  mathematics-related  belief
structures of Finnish and Chilean third grade students. Interestingly, in both Hannula and Laakso
(2011) and Tuolihampi et al. (2013), the instruments were found to be of limited reliability, yet in
neither case did the authors acknowledge the possibility of flaws in their instrument adaptation.

Thus, it seems commonplace for mathematics education researchers to report cross-cultural surveys
alongside  very  limited  accounts  of  instruments  adaptation.  Of  course,  just  because  authors  offer
incomplete accounts does not mean that instrument adaptation is unacknowledged in the conduct of
their  research.  However,  a  failure  to  explicate  instrument  adaptation  may,  at  best,  challenge  the
provenance of a project’s outcomes or, at worst, invalidate them.

A healthcare perspective on cross-cultural instrument development

In trying to understand better how we might facilitate valid instrument adaptation, we turned to the
literature  on  cross-cultural  healthcare  research,  which  typically  examines  the  extent  to  which  a
health-related phenomenon observed in one culture is repeated in another (Costa, Duggan and Bates
2007) or facilitates the healthcare provision of one group of people,  usually a minority,  within a
larger  community  (Hanna,  Hunt  and  Bhopal  2005).  Importantly,  the  healthcare  literature  offers
insights into how instrument adaptation may be more rigorously addressed. For example, while both
Osborn (2004) and Peña (2007) present warrants for four equivalences, Corless, Nicholas and Nokes
(2001), in their review of the literature on cross-cultural adaptations of quality of life questionnaires,
identified ten. Thus, it would seem that healthcare researchers set higher benchmark standards than
those typically found in social  science or mathematics education research.  Such expectations are
exemplified in a number of research methods syntheses (Geisinger 1994; Guillemin, Bombardier and
Beaton 1993; Vallerand 1989) that have identified a six stage model of healthcare-related instrument
adaptation (table 1), which goes substantially beyond the translation only approach commonly found
in much educational research.
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Table 1

Preparation Project teams should review the literature to clarify the study’s aims, identify an
appropriate instrument and agree a strategy for adapation (Costa et al. 2007). 

Forward 
translation

This typically involves several bilingual persons, although some studies have used
just one (Pekmezovic et al. 2007; Lysyk et al. 2002), who tend to be located either in
the target country (Costa et al. 2007; Maillefert et al. 2009) or split between target
and original (Lau et al. 2002).

Translation 
review

Initial translations are compared and reconciled. Typically this is group, including
translators  and  project  managers,  activity  (Geisinger  1994;  Lysyk  et  al.  2002),
although it may involve a single translator independent of the original translators
(Lau et al. 2002). At this stage, significant attention is paid to both linguistic and
conceptual equivalence.

Back-
translation

As  with  forward  translation,  different  projects  exploit  different  numbers  of
personnel. Back translators tend to be native speakers of the language in which the
original instrument had been prepared and fluent in the target language.

Back-
translation 
review

Various back-translations are compared. The agreed version is compared with the
original questionnaire and discrepancies resolved, which is typically managed by a
group comprising bilinguals and project managers (Costa et al. 2007; Gallasch et al.
2007; Lau et al. 2002; Maillefert et al. 2009; Pekmezovic et al. 2007), who should
attend particularly to conceptual equivalence.

Pre-test This conventionally involves piloting or pre-testing of the instrument with small 
samples of the target groups (Gallasch et al. 2007; Lau et al. 2002; Lysyk et al. 
2002; Pekmezovic et al. 2007). 

The six stages of healthcare instrument adaption

A second revision of the MRBQ

When undertaking our first adaptation of the MRBQ we were unaware of the role of decentring in
instrument  adaptation.  That  is,  we did  not  consciously  adopt  phrases  or  expressions  that  would
increase conceptual equivalence at the expense of translations that may be meaningful in one culture
but meaningless in another. This was partly due, we know retrospectively, to a widely held perception
that the vocabulary and concepts of mathematics and mathematics education enjoy the same meaning
and salience in another. This proved not to be the case. 

In our second iteration of our adaptation of the MRBQ (Andrews et al. 2011), focused this time on
students in England, Slovakia and Spain, attempts at decentring were undertaken alongside attempts
to  address  several  elements  of  the  healthcare  model.  The  preparation  stage,  involving  the  lead
colleague from each country, led to the agreement that the 40 items of the original MRBQ would be
augmented  by  a  further  33,  drawn  from  various  sources,  that  we  believed  would  improve  the
reliability of the original instrument. These sources included, inter alia, scales used by Kloosterman
and  Stage  (1992)  and  Pintrich  and  De  Groot  (1990).  The  translation  stage,  also  involving  lead
colleagues, saw the translation of the English version into Slovak and Spanish. A second colleague in
each country then back-translated these versions. In so doing, no attempt was made to undertake a
translation review, as funds did not allow for two persons to make the initial translations in each
country. The back-translated versions were then discussed at full team meetings and changes made to
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ensure, as far as was practicable in such circumstances, that the conceptual and linguistic intentions
of the original instrument were met in the reconciled translations. Following this, small pilots were
undertaken before  minor  changes  were  made to  the  final  versions  for  each  country.  These  new
versions were given to 220 students from a typical English secondary school, 250 students from a
typical  Slovak  secondary  school  and  405  from  three  typical  Spanish  secondary  schools.  In  all
countries  the  samples  comprised  equal  numbers  of  students  at  ages  11/12 and 14/15,  chosen as
representing transitional points of a child's schooling irrespective of location. Principal components
analyses  and  correlations  calculated  on  factor  scores  indicated  similar  factor  structures  in  each
country, although there remained inconsistencies and unresolved conceptual issues concerning the
use of items like, We do a lot of group work in this mathematics class, which appeared to have greater
salience in England than either Slovakia or Spain (Andrews et al., 2011). In sum, while the second
iteration yielded an improvement on the first, there remained concerns as to the cross-cultural validity
of the instrument.

Unfortunately, the extensive procedures of the healthcare model are typically beyond what is possible
within the budgets of most social science researchers, prompting the question, what is it reasonable to
assume of social science researchers undertaking cross-cultural instrument adaptations? In addressing
this  question,  we  return  to  the  pre-test  stage  of  the  healthcare  model,  where  we  find  studies
incorporating some form of patient interview (Costa, Duggan and Bates 2007) or cognitive debriefing
(Maillefert  et  al.  2009) to determine the validity and accessibility of adapted instruments. In the
following  we  consider  one  particular  form,  the  cognitive  interview,  as  a  relatively  inexpensive
approach with the potential to inform instrument adaptation in the social sciences.

Cognitive interviews

Cognitive interviews typically entail the administration of draft questionnaires to a small sample of
people with the purpose of determining the extent to which questions generate the data intended by
their authors (Miller 2003; Presser et al. 2004). Their purpose is to identify and overcome potential
problems, usually  with regard to  the ways in  which particular  questions  are  posed, the meaning
informants glean from them and the processes they employ in answering them (Beatty and Willis
2007;  Frost et al. 2007). Since the 1990s cognitive interviews have been  used frequently in public
policy research like censuses (Goerman 2006) and health care research, although its use in the social
sciences is rare (Waddington and Bull 2007).

In general,  cognitive interviews typically take one of three forms. The first facilitates  participants’
articulation  of  their  thought  processes  through  the  use  of  think  aloud  protocols  involving  little
interviewer  intervention  (Beatty  and  Willis  2007;  Conrad  and  Blair,  2009).  The  second  invites
informants to rephrase an item in their own words (Baars et al 2005), while the third involves a
proactive interviewer guiding the interview by means of various forms of probes (Beatty and Willis
2007), of which our reading of the literature indicates there are at least twelve forms according to
whether they are meaning-oriented, process-oriented or recall probes (Goerman 2006); retrospective
or  concurrent  probes  (Miller  2003;  Presser  et  al.  2004)  and  based  on  scripted  or  non-scripted
protocols (Frost et al. 2007).

Cognitive  interviews  have  been  particularly  effective  in  facilitating  instrument  adaptation.  For
example, Baars et al. (2005), when developing a children’s and adolescents’ health-related quality of
life questionnaire for use in seven European countries, found that cognitive interviews, undertaken in
all participating countries, yielded such detailed feedback on the relevance, age-appropriateness and
comprehensibility  of  each  item  that  unexpectedly  high  levels  of  cross-national  consensus  were
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achieved. Quittner et al. (2000) adapted a French language quality of life measure for use with US
sufferers of cystic fibrosis. They exploited different cognitive probes to determine,  inter alia, the
extent  to  which  conceptual  and semantic  problems permeated  their  initial  translation  and  found
substantial areas of confusion. For example, the French, pleine forme, with its general implication of
wellbeing, was translated as  felt very fit, which informants interpreted as being related to physical
fitness. Thus, despite caveats that interviewers should acknowledge that informants may be culturally
conditioned to respond to interviews in unexpected or problematic ways (Goerman 2006), evidence
indicates  that  cognitive  interviews,  undertaken judiciously,  have  the  propensity  to  support  social
science researchers in their adaptation of research instruments developed in one cultural context for
use in another. In the following, we discuss how such matters played out in our third adaptation of the
MRBQ for use in England and Spain.

A third revision of the MRBQ

Our first adaptation of the MRBQ, when we inadvertently neglected the fact the English language
items presented in Op 't Eynde, De Corte and Verschaffel (2006) were themselves translations of the
original Dutch, involved the second author translating the English of the MRBQ into Spanish. It
proved moderately successful but left a number of conceptual and methodological issues hanging.
Our second adaptation, which had incorporated elements of decentring, proved more successful but
still  left  some issues unresolved. Significantly, we found ourselves complicit in various forms of
cultural  insensitivity.  For  example,  we had assumed that  all  respondents,  irrespective  of  culture,
would behave similarly (Rogler 1999).

At this stage, and knowing that resources would not permit us to address all six elements specified in
the healthcare model, we made several decisions. Firstly, we would focus attention on adapting our
second instrument for use in England and Spain only. Secondly, we would attend more thoroughly to
notions  of  decentring.  That  is,  we  would  abandon  literal  translation  in  favour  of  one  in  which
conceptual equivalence and the meaning inferred by the reader are privileged. Thirdly, we would
exploit cognitive interviews. Fourthly, we would include a wider selection of mathematics education
colleagues, both English- and Spanish-speaking, to work on agreeing, translating and refining items
through a series of collaborators' meetings. Fifthly, we would, as did the MRBQ, focus on a single
age group, that is students in the school year during which they reach age 15.

The  collaborators’  meetings  highlighted  a  number  of  difficulties  with  respect  to  instrument
adaptation. For example, expressions commonplace in, say, self-efficacy scales like  I am confident
that and I am certain that proved problematic with respect to Spanish equivalents, not least because
confident, sure and certain imply subtly increasing levels of certainty in English, which our meetings
confirmed cannot  be  accommodated  in  Spanish.  In  this  respect,  the  Spanish translation of  I  am
confident that is estar seguro de que. However, this back-translates as I am certain that or I am sure
that, with the loss of uncertainty implicit in the original. I am confident of doing something translates
as confío en hacer algo. However, confío alludes to an implicit sense of hope, which is lacking in the
English confident. Furthermore, I am certain that translates as estoy segur, which back-translates as I
am sure that. Such matters highlighted well the difficulty of establishing conceptual and linguistic
equivalence,  particularly  with  respect  to  expressions  typically  employed  in  self-efficacy  scales.
Finally,  therefore,  we  adopted  the  expression,  I  am  sure  that because  it  not  only  translates
straightforwardly  but  also  reflects  similar  levels  of  certainty  in  both  languages.  However,  the
ambiguity generated by such simple expressions must question the use of many self-efficacy scales in
comparative research.
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Following this,  to identify any unforeseen problems and address any lingering uncertainties with
respect to conceptual equivalence, cognitive interviews were undertaken with groups of students in
both England and Spain. Nine students were interviewed in each of two Spanish and two English
secondary schools located in the regions of Cantabria and Cambridgeshire respectively. The schools,
as  far  as  such  small  numbers  allow,  were  typical  state  schools  with  regard  to  their  students’
achievement and demographic composition.  The students,  selected by their  teachers to reflect,  in
equal  numbers,  the  range  of  mathematics  achievement  found  in  their  school,  included  similar
numbers of grade 9 boys and girls. All participants were volunteers with their right to withdraw at
any time and for no reason made clear to them at the outset. However, while we are confident that the
Cantabrian schools reflect the typical Spanish comprehensive school, the same is not the same in
Cambridgeshire, where schools in proximity to Cambridge, the home of one of the world’s leading
research universities, achieve higher than is typical nationally. Thus we acknowledge the possibility
that the English data may not be representative of the country as a whole.

Two forms of cognitive interview were undertaken in each school. The first, a group interview, was
undertaken in each school. This involved all nine students selected by their respective school and
lasted around 30 minutes. This group interview, undertaken independently of the questionnaire, was
structured around open questions focused on students’ understanding of common mathematical terms
and  expressions.  For  example,  they  were  asked,  what  do  you  understand  by  the  term  ‘maths
problem’?  Depending  on  students’ responses,  questions,  which  may  have  been  rephrased,  were
always followed by requests for students to give examples of the sorts of maths problems with which
you are familiar. The interviews, which were conducted in the students’ schools, entailed students
and the second author sitting in a circle. In all four cases students not only talked with assurance and
sensitivity to their peers but were able to sustain a discussion requiring little intervention on our part.
The second, an individual interview also lasting around 30 minutes, entailed students being invited to
respond to the draft questionnaire and to give think-aloud responses to items like,  I am sure I can
solve the most complex problems that we are given in class. Students were asked to explain what they
thought the item meant and to articulate their thoughts in relation to its completion – was its meaning
clear, if not, why not, and how did he or she think it could it be made clearer? No evidence emerged
that  students  did  not  understand  their  task  although  much  of  importance  with  respect  to  the
improvement of the questionnaire was forthcoming.

Results of the interviews

Before  presenting  the  results  of  the  two forms of  interview we reflect  briefly  on  our  interview
processes.  Kvale  (2006),  acknowledging his  own earlier  failure  to  address  the  issue,  writes  that
research interviews embody “a hierarchical relationship with an asymmetrical power distribution of
interviewer and interviewee”,  adding that it  “is a one-way dialogue, an instrumental and indirect
conversation, where the interviewer upholds a monopoly of interpretation” (Kvale 2006, p. 484).
Acknowledging  the  inevitability  of  such  power  imbalances,  we  believe  that  our  interviews,
particularly in the light of their intentions, minimised such one-sidedness. For example, during the
group interviews, our roles entailed, as indicated above, asking students about their understanding of
common mathematical expressions, followed by prompts to individuals;  what do you think, do you
agree with so and so, what do you think your teacher means by such words?  With respect to the
individual interviews, our approach was similar. It was essential to the success of our efforts that
students were not guided towards a predetermined answer. Indeed, drawing on Ginsburg (1997), we
would  argue  that  our  conduct  of  both  group  and  individual  interviews  encouraged  “individual
variation” (p. 2), precisely because we allowed control to pass “back and forth between interviewer
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and  child”  (p.  39).  In  short,  within  a  power-constrained  context,  students’  perspectives  were
unambiguously privileged.

In addition, the language used during the interviews, both by us and the students, was that of the
mathematics  classroom  typical  to  the  student.  Indeed,  students’ sensitivity  to  the  language  of
mathematics proved immeasurably helpful; help that could not have been obtained differently. That
we achieved such results was, we argue, due to our approaching our interviews with no preconceived
expectations concerning students’ likely mathematical competence. In short, we approached both sets
of interviews expecting students to be competent responders, irrespective of gender, ethnicity or prior
achievement,  as  such  expectations  are  known  to  facilitate  both  engagement  and  achievement
(Allexsaht-Snider and Hart 2001; Gutierréz 2008).

With respect to our results, it was interesting to note that both sets of interviews highlighted problems
with a particular form of wording used in scales generally associated with epistemological beliefs.
Statements like mathematics is useful were received ambiguously. Some students, both English and
Spanish, indicated that it  referred to a generic rather than personal sense of utility.  For example,
David, a Spanish student, talked of mathematics as a tool with which scientists tried to understand the
world, while Sarah, an English student commented that “mathematics is used by everyone in their
daily lives, like when you go shopping or things like that”. Other students interpreted the statement as
meaning mathematics is useful to me and talked of how they did or could see themselves exploiting
mathematics in the future. In almost all cases this was focused on how mathematical competence
would facilitate their progression into a world beyond school. Spanish student Luis commented that
mathematics is useful because it will help him get to a good university while English student James
saw it as something that would get him a better job than someone who couldn’t do mathematics. In
such examples, the cognitive interviews exposed significant problems in the conventional wording of
items well-used in both the literature and our earlier work. In the following, we discuss in detail what
the two groups, represented by pseudonyms, had to say.

Spanish interviews

The Spanish students’ cognitive interviews indicated, across grades and achievement groups, that the
words problem and exercise were construed consistently and differently from the other. With respect
to the former, it emerged that a problem is located in text. A student is expected to read in order to
locate the question embedded within it and then devise a solution strategy. In contrast, an exercise
was construed as comprising those questions that exploit the minimum words necessary for framing a
routine calculation or operation. For example, Alvaro suggested that, “problems have a text, while
exercises do not have a text. Also exercises are ready to be done but with problems you have to think
and plan them beforehand.” Similarly, Sara commented that “… exercises are direct questions and
you  do  not  have  to  think  about  anything,  while  you  have  to  think  about  the  problems”.  More
specifically, Beatriz suggested that an exercise included problems like “solve 2x + 3 = 0 or find x if
3x/2 + 17 = x +2”, while a problem might be “If you have 50 wheels and cars and motorbikes,
calculate how many cars and motorbikes you can have”.

Occasionally  Spanish  students  appeared  to  have  construed  problem  and  exercise  similarly.  For
example, when confronted with the pilot items I do mathematics exercises even if I don’t like them
and I do mathematics problems even if I don’t like them a number of students commented that despite
differences in wording, they had responded to them similarly. When probed it emerged that these
students were not necessarily thinking about the terms problem or exercise but any general tasks
given them in class.  For  example,  Antonio,  who had earlier  distinguished between problem and
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exercise, illustrated his understanding of the two items by drawing on equations as illustrative of the
mathematics he was thinking about when he addressed them, commenting that “I was thinking of
equations,  because  what  I  don’t  like  in  maths  are  equations”.  His  example  highlights  well  how
individual construals of terms like exercise or problem can vary according to the context in which
they are located. In this case, the items were intended to examine individuals’ persistence in the face
of tasks they disliked. Thus, the Spanish cognitive interviews indicated that key expressions like  I
don’t like appear to have a stronger attraction than the words problems or exercises. More generally,
this would seem to suggest that readers are drawn more powerfully to words linked to affect than
they are to the objects of such affect. Such issues could not have been foreseen as we had taken care
to  avoid,  as  suggested  in  item  construction  guides  (see  Fowler  and  Cosenza  2008),  to  avoid
ambiguity and multiple questions within the single item.

All Spanish students agreed that a mathematics task is work they are instructed to do at home; that is,
homework. Also the majority understood the terms exercise and activity to be synonymous. Beatriz,
for example, said that “activities and exercises are the same…and maths tasks are homework”, while
Elena stated that “maths tasks are the exercises or activities you have to do at home. Activities and
exercises  are  the same to me”.  That  said,  two of  the eighteen  students  construed activities  as  a
broader term that includes exercises; a point made by Maria who commented that “activities are the
set of exercises where you revise what you have learnt”. 

In summary, the above highlights generally consistent understandings and interpretations of a number
of key mathematics-education related terms among the Spanish students. However, the evidence also
shows that conceptual consistency is insufficient to guarantee item success. Even though Spanish
students were clear in their distinctions between, say, exercise and problem, such distinctions were
made problematic by the context of the item, particularly when the context incorporated the affective
domain. In such circumstances statements such as I do mathematics even if I don’t like it should help
avoid such problems.

English interviews

The English data highlighted an inconsistent comprehension of key terms like exercise and problem.
Indeed, roughly half the group offered no distinction between the terms, with the other half clearly
thought the terms represented different ideas. Students in the former category indicated that the terms
were the same because they both required a solution. Alex, for example, suggested that “both mean
the  same  thing  because  at  the  end  you  have  to  have  a  solution  or  an  answer”,  while  Alison
commented that “because problems are to be solved and exercises or questions are to be solved as
well”. In similar vein Nick added that “all maths questions are problems that need to be solved, so
yes,  maths  exercises  are  problems  which  need  to  be  solved”.  Students  in  the  latter  group
distinguished between the terms. Hannah suggested that problem is a broader category because it
includes exercises which require lower cognitive demand. She asserted that problems are “questions
involving  critical  thinking  about  a  statement:  or  a  mathematical  puzzle,  e.g.  Sudoku”,  while
“exercises relate to operations or calculations, for example solving x-3 = x +2”. In contrast to Hanna,
both Tim and Joseph considered problems to be subcategories of exercise. Tim for example suggested
that “a maths exercise is a section of work and a problem is a particular part of a question”, while
Joseph  pointed  out  that  “exercises  are  made  up  of  many  problems,  which  can  often  be  solved
individually”. He cited homework as an example of an exercise and 29700x/7= 1 as an example of a
problem.
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Other differences were identified. Three of the 18 students indicated that the function of an exercise
is to consolidate learning while problems are intended as opportunities to apply knowledge. Sue, for
example, commented that “exercises are set to help you understand something and a maths problem
tests  this  knowledge”.  Similarly Paul  commented that  “exercises  are  just  things  we carry  out  to
consolidate; problems are made to challenge you”. Other students considered problems to be harder
than exercises.  Frank commented that “exercises are  practices of new methods but  problems are
harder and take longer”. Such findings not only highlight a lack of consensual understanding among
the English students but also make questionnaire design problematic.

Almost all the English students regarded mathematics activities as comprising elements of fun within
the more formal tasks they are asked to undertake. For example, Hannah said that “maths activities
can involve more thinking out of the box, and can be more interactive and challenging, like a game.”
In similar vein, Alex commented that “maths activities are games and generally more enjoyable to
do.” Two students indicated additional interpretations. Both Nick and Alex commented that although
the term normally indicates a fun element it is also used as a label for exercises or tasks in books as,
for example, Nick’s comment regarding  “activity 3, page 35”. Interestingly, the English students
seemed to construe the expressions mathematics exercise and mathematics tasks as synonymous,
with both seemingly related to what their teachers ask them to do. For example, Patrick stated that a
“Maths task is something a teacher has told you to do, and…maths tasks and exercises are the same”.
Similarly (Alex), stressed that “tasks and exercises are very much the same to me, they are what the
teacher sets you do so, like ‘complete page 50’”.

In summary, and acknowledging the lack of consensus among English students, particularly with
respect  to  terms  commonly  assumed  unproblematic  in  the  mathematics  education  literature,  a
comparison  of  the  English  and  Spanish  perspectives  points  to  three  significant  yet  probably
unforeseen problems with respect  to  instrument  construction.  Firstly,  the Spanish students,  while
consistent in their perspectives on key terms, highlighted the extent to which cognitive elements of an
item may  be  subordinated  to  affective.  Secondly,  terms  that  in  English  convey  subtly  different
meanings find no straightforward translation into Spanish. Thirdly, the extent of the disagreement
among  the  English  students  suggests  that  items  focused  on  eliciting  student  perspectives  on
frequently used terms like task, exercise, problem or activity may be difficult to construct with any
degree of confidence. Thus, instrument development was informed greatly by such matters, to the
extent that terms found frequently in the mathematics education literature could not be used.

The final survey instrument

We began  this  account  with  reference  to  the  mathematics-related  beliefs  questionnaire  (MRBQ)
developed at the University of Leuven, Belgium and, essentially, this is where we finish. The MRBQ
was a theory driven instrument yielding four dimensions, two of which were robust and two less so.
Over a period of several years, and drawing on a substantial review of the literature, we repeatedly
revised the MRBQ to the extent that the final version comprised twelve dimensions, several of which
were a consequence of sub-factors emerging from the original instrument, each addressed by 4 items.
Importantly, the process outlined above, which we construe as an economically pragmatic response to
the  healthcare  model,  enabled  us  to  eliminate  the  conceptual  and  linguistic  ambiguities  and
uncertainties embedded in our versions.

Of  course,  it  is  insufficient  just  to  assert  that  the  final  version  was  methodologically  sound,
particularly from the perspective of its  cross-cultural  validity,  and so we close by presenting the
results of confirmatory factor analyses (CFA) undertaken on data from students aged 14 and 15 in
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Spain and England. In Spain we obtained data from 1270 students from 23 schools near Santander
and, in England, 1357 students from 9 schools in proximity to Cambridge. The schools reflected the
range of achievement and demographic characteristics of state maintained schools in both areas.

A separate CFA was undertaken on each of the samples in order to examine not only the structural
robustness of the underlying theoretical framework, drawn initially from that of the MRBQ, but also
its cultural sensitivity. Unlike the exploratory factor analyses we exploited in our earlier iterations,
CFA allows both the number of factors and indicator-factor loadings to be specified in advance, thus
eliminating the possibility of multiple loadings (Blunch 2008). Moreover, CFA exploits a range of
goodness-of-fit tests to determine the adequacy of the proposed structural model of the data; if the
model fits the data, then the observed variables measure the proposed constructs. However, caution
should be exercised in interpreting the probabilities returned by some of the statistical software as the
null hypothesis with CFA is that the model fits the data. In other words, p-values greater than, say,
0.05 are desirable as the intention is not to reject the null hypothesis. Importantly, while each of the
goodness-of-fit measures associated with factor analytic models have particular limitations, typically
relating  to  sample  size  and  distributional  idiosyncrasy,  the  totality  offer  reasonable  levels  of
confidence as to a model’s validity (Byrne 2001; Kenny and McCoach 2003).

Table 2
 n χ2 df CFI TLI RMSEA

Spain 1170
2426.83

2
1014 952 948 0.037

England 1300
2087.75

3
1012 942 934 0.043

Goodness of fit data
The figures reported in table 2 confirm that both data sets, one English and one Spanish, fit the
hypothesised model in essentially identical ways. Moreover, the factor loadings shown in table 3,
which represent twelve hypothesised constructs each of which drew on four items, highlight several
things. Firstly, the very high loadings, particularly when compared with those of the original MRBQ,
confirm that  each  construct  is  robust  and  clearly  demarcated  by  its  associated  items.  Secondly,
although this is not visible in the table, no item loaded simultaneously on more than one factor,
further confirming the robustness of each measure. Thirdly, the Cronbach alphas for the twelve scales
ranged from 0.85 to  0.91,  indicating highly acceptable levels of reliability.  In sum, the analyses
confirm that  our  final  adaptation  of  the  MRBQ is  a  valid  and  highly  reliable  multidimensional
instrument for cross-cultural measurement of students' mathematics-related beliefs. That being said, it
is important for the reader to understand that the labels we have given the constructs are, essentially,
arbitrary and reflect our understanding of the literature and, importantly, how the sub-factors of the
original MRBQ emerged from our earlier analyses.

Table 3

 Spain England
Teacher directed  knowledge

Maths is about employing the methods in the same way as the teacher 0.757 0.710
Maths is about using the procedures in the same way as the teacher 0.842 0.775
Maths is about following the steps in the  same  way  the teacher shows us 0.798 0.816
Maths is about applying things in the same way as the teacher 0.812 0.838
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Strategy use
Maths is about applying your own strategies 0.755 0.642
Maths is about employing your own tactics 0.818 0.695
Maths is about developing your own plan of action 0.742 0.763
Maths is about planning by yourself which steps to follow 0.667 0.603

Learning through memorising
I learn maths by doing the same things repeatedly 0.817 0.728
I learn maths by repeating many times what we are taught 0.869 0.811
I learn maths by going over the same things repeatedly 0.826 0.854
I learn maths by practising many times the same things 0.787 0.783

Learning through connecting
I learn maths by linking the new topics with previous ones 0.809 0.777
I learn maths by connecting the new things to those we have already been taught 0.778 0.786
I learn maths by relating what we are taught to things that we already know 0.703 0.671
I learn maths by identifying things in the new topics that were given in previous 
topics 

0.631 0.544

Usefulness: career improvement
Maths will help me to find a job 0.819 0.820
Maths will improve my opportunities in the future 0.850 0.839
Maths will help me to earn a living 0.882 0.859
Maths will increase my employment possibilities 0.873 0.810

Usefulness: Real world functioning
Maths is useful in my daily life 0.788 0.729
Maths is necessary in my everyday life 0.877 0.837
Maths is helpful to me in real life 0.830 0.918
I need maths in different situations of my life 0.765 0.772

Goal in maths education; marks
My only interest in maths is the results of the exams 0.799 0.816
Grades are the most important thing for me in maths 0.889 0.819
In maths I only care about the marks I get in the exams 0.924 0.900
The only relevant thing for me in maths is grades 0.876 0.875

Self-efficacy
I am sure I can understand everything we are taught in maths 0.825 0.819
I am sure I can learn everything we are taught in maths 0.855 0.822
I am sure I can comprehend everything we are given in maths lessons 0.875 0.794
I am sure I can take on board everything we are given in maths lessons 0.849 0.815

Self-concept
Maths is very easy for me 0.804 0.835
I am very good at maths 0.886 0.878
I am very quick at maths 0.845 0.800
I am very skilled at maths 0.879 0.919
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Enjoyment of mathematics
I like maths 0.866 0.851
I enjoy maths 0.902 0.963
It is a pleasure for me to learn maths 0.771 0.790
I love maths  0.901 0.857

Effort
I put a lot of effort into maths 0.790 0.833
I work very hard in maths 0.850 0.883
I push myself hard in maths 0.909 0.838
I try my best in maths 0.851 0.867

Anxiety
I become nervous when I do maths 0.859 0.872
When I do maths I become tense 0.867 0.881
I get stressed easily when I do maths 0.760 0.808
Doing maths makes me uneasy 0.721 0.840

Factors and item loadings

Discussion

Developing an instrument for cross cultural research is a complex process, a complexity frequently
overlooked in comparative education studies. This study has addressed issues in both methodology
and  methods  in  comparative  studies  of  students’ mathematics-related  affect.  From  the  methods
perspective, our pragmatic adaptation of the healthcare model, which offers an economic but rigorous
approach  to  instrument  adaptation,  yielded  a  cross-culturally  valid  and  reliable  instrument  for
measuring  students'  mathematics-related  beliefs.  In  particular,  the  use  of  cognitive  interviews
confirmed how some items invoke substantially different responses from what their authors intended;
findings that resonate well with, say, Da Silva et al.'s (2006) measurement, exploiting an adaptation
of an instrument developed by the World Bank, of social capital in Peru and Vietnam. Importantly,
with  respect  to  issues  of  wider  concern,  our  cognitive  interviews  and  collaborators’ meetings
highlighted particular problems linked to the adaptation of instruments developed in English, and
especially  those  employing  the  vocabulary  of  uncertainty.  That  is,  due  to  its  wider  vocabulary
allowing  for  subtle  gradations  of  meaning,  English  presents  substantial  problems for  colleagues
working in other languages. From the methodological perspective, this study has indicated, at least as
far as two diverse European cultures are concerned, a similarity of students’ mathematics-related
belief structures. In other words, while it would be foolish to argue that all matters educational are
not deeply embedded in the cultural contexts in which they occur (Alexander 2000), our evidence
confirms the viability of cross-cultural beliefs-related survey instruments. That being said, it would
be wise to acknowledge that we adapted an earlier, theory-derived, instrument developed in Flanders.
Thus, despite the belief similarity identified above, any instrument can only evaluate those constructs
embedded in it and may miss local particularities. In other words, the efficacy of any survey is reliant
on the relevance of the constructs it incorporates.

From  the  perspective  of  mathematics  education,  this  study  has  highlighted  two  key  issues  of
importance for future work in the field of mathematics-related beliefs, whether comparative or not.
The first is that many terms common in mathematical discourse remain ambiguous, even within a
single cultural context. Words like problem, exercise, activity and task, despite a perceived common
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understanding in the mathematics education literature, have no consistent meaning in the context of
the English mathematic classroom. That said, they may have consistent meanings in the Spanish
context, which alludes to the second key issue. Just because a term is understood to mean the same
thing in one cultural context and is, therefore, distinguishable from another term with a different but
related meaning, does not mean that researchers can assume cross-cultural agreement.

In closing, we note that instrument adaptation requires attention to a number of key equivalences
which many researchers, including ourselves, have earlier failed to address. It may also mean that
researchers may have to compromise in their choice of constructs; our emergent understanding of the
problematics  of  mathematics  vocabulary  previously  assumed  unproblematic,  particularly  that  of
uncertainty, limited our ability to create a self-efficacy scale. However, despite such problems, it is
possible, as we have shown, to construct cross-culturally valid instruments that have the facility to
evaluate with accuracy and reliability fundamental constructs of mathematics education.
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