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ABSTRACT

THE INFLUENCE OF OPPORTUNITY TO LEARN TO TEACH MATEMATICS ON PRE-
SERVICE TEACHERS' KNOWLEDGE AND BELIEFS: A COMPARAYE STUDY

By
Rachel A. Ayieko
This study used the Teacher Education and Develop8tedy in Mathematics (TEDS-
M) to examine the differences in opportunitiesdarh to teach elementary school mathematics
and the learning outcomes of final year pre-sergleenentary teachers in seventeen countries.
The study also examined the influence of the pegiagbapproaches used in the preparation of
final year elementary pre-service teachers’ knogéefbr teaching and beliefs about learning
mathematics in three countries: Poland, Russiattentinited States using a multi-level
modeling approach. The study found that there \sigaificant differences in pre-service
teachers’ knowledge for teaching, beliefs aboutlieg mathematics and opportunities to learn
to teach mathematics.
Most of the pre-service teachers from the partiangaEuropean countries and Chinese
Taipei experienced lecture presentations oftenlewhost of the pre-service teachers from the
American geographical region and Singapore expegigigroup work often during their
mathematics methods courses. The analysis of tegelnid learning mathematics through video
analysis, readings and live classrooms was notraramn practice across most of the
participating countries. Nonetheless, pre-sengeeliers in Botswana, Russia, Thailand, and the
United States experienced this pedagogical practicasionally. The opportunities to learn how
to plan mathematics instruction for conceptual wsi@dading that include the analysis of learning
goals, introductions to standards-based curricuamd, learning meaningful learning experiences

were often experienced by the pre-service teadhdhe Philippines, Singapore, Russia, and the



United States. The opportunities to learn mathewatstruction for conceptual
understanding were mostly experienced by couniniéise American region and those countries
whose elementary teachers are prepared as mathsrspéicialists (e.g. Thailand and Malaysia).

The opportunities to learn to teach mathematicsrttale a difference in the pre-service
teachers knowledge and beliefs in the three selexientries showed similarities in the three
countries. Notably, experiencing models of refometed instruction had a positive within-
institution influence on pre-service teachers ingbeliefs about learning mathematics.
Additionally, opportunities to learn how to plan th@matics instruction for conceptual
understanding that include analysis of learningggaad introductions to standards-based
curriculum had a positive within-institution infloee on pre-service teachers’ inquiry beliefs
about learning mathematics. The opportunitiesaonlenathematic instruction for conceptual
understanding that include learning to show whyhmiatatics procedures work had a positive
within-institution influence on pre-service teactienquiry beliefs about learning mathematics
in the generalist programs in the three countries.

Some differences were found across the three deantn the East Asian countries,
opportunities to ask questions and engage in wir@ep discussion during their mathematics-
related courses had a positive within-institutiofiuence on pre-service teachers’ pedagogical
content knowledge. Also, opportunities to learteimch mathematics by teaching using methods
demonstrated by instructors had a positive withstiution influence on PSTs inquiry beliefs.
Lecture presentations had a negative within angidst-institution influence on PSTs’
knowledge for teaching mathematics in the Uniteatest

These findings suggest the need for pre-serviahtza to take more active roles in their

learning to teach mathematics during their teapheparation
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CHAPTER 1
INTRODUCTION
1.1. Purpose of the Study: Connecting Learning Outimes to Teachers’ Knowledge and
Beliefs
Reforms in the teaching and learning of mathersatidicate that teachers should teach
in ways that few of them experienced when learnaghematics. These reform methods of
teaching and learning, introduced more than twades ago, emphasize that teachers should
use an inquiry approach instead of the didactica@gughes they experienced while learning
mathematics in school. Inquiry methods for teacland learning mathematics include problem
solving, encouraging reasoning and proof, usingailisse in mathematics, connecting ideas,
using appropriate representations, applying mathiesni real life situations, solving open-
ended tasks, and group work (Boaler, 2002; Comnmue Gtandards of Mathematics, 2010;
National Council of Teachers of Mathematics, 200®}ontrast, didactic approaches for
teaching mathematics, as described by Boaler (208&)s on explaining mathematics
procedures, requiring students to solve numeroasceses to practice the procedures introduced
to them, having students working individually oeks, emphasizing the correct answers to given
exercises, providing students with methods of sghgiven tasks, and introducing topics in
mathematics as disconnected units. Despite mamg péantroducing and encouraging reform
in teaching mathematics, teachers’ conceptionstakbaahing mathematics using a didactic
approach are still prevalent (Barlow & Reddish, @00
Studies show that approaches to teaching mathesr@eatly influence students’
understanding of mathematics. For example, studantht through inquiry approaches are

more successful at performing mathematics tasksaemdble to apply or relate their



mathematics knowledge to new tasks (Boaler, 20R@np, 1976). Didactic approaches to
teaching and learning have been documented aenpetfective for teaching mathematics for
understanding (Boaler, 2002; Putnam, Heaton, Pra&vRemillard, 1992; Skemp, 1976).
“Effective mathematics teaching requires understapdhat students know and need to learn
and then challenging and supporting them to leanreil” (NCTM, 2000, p. 15) . It is therefore
imperative that teachers need to be encouragedupubrted to use more inquiry approaches
while teaching mathematics.

One of the issues that has been studied and destussnathematics education suggests
that student learning outcomes are related to ezdatowledge (Darling-Hammond, 2006;
Putnam et al., 1992). Further, scholars arguettlaahers’ knowledge and beliefs influence their
instructional practices (Thompson, 1984; Thompd®92). For example, Kuhs and Ball (1986)
pointed out that inquiry-oriented instructional giiees require teachers to have an in-depth
knowledge of mathematics content and mathematidagmgy. However, Thompson (1992)
noted through review of the literature that theteghand curriculum, among other factors, also
influence teachers’ instructional practices. Assube study of knowledge and beliefs for
teaching mathematics effectively remains a hugearefi agenda because of its connections to
the instructional practices that teachers adoptla@dearning outcomes of their students.

The knowledge for teaching mathematics has beenatkéind studied by scholars in an
effort to understand the knowledge domains neededffective teaching of mathematics.
These scholars have made many attempts to inveessagd define teacher knowledge (e.g., Ball,
Thames, & Phelps, 2008; Carpenter, 1986; Hill, RawtaBall, 2005; Shulman, 1986, 1987)

Although these studies offer insights on the conepds of teacher knowledge, it is not clear



from these studies how to support teachers to dpuelowledge for teaching mathematics using
the reform methods of instruction.

The didactic approaches to teaching mathematicighvere experienced by most
students in mathematics classrooms globally, hadeahstrong influence on the knowledge and
beliefs about teaching and learning mathematical@p2002; Putnam et al., 1992) that pre-
service teachers (PSTs) bring to their teachergoegion programs. For these reasons, many
mathematics educators believe that if the teacAmblearning of mathematics is to be improved
globally, then there is a need to challenge thenkedge and beliefs about teaching and learning
mathematics that pre-service and in-service teadieare. Proponents of this notion (e.g., Borko
& Putnam, 1996; Conference Board of Mathematics@aidnce, 2001; Feiman-Nemser, 2001)
have posited that teacher educators should desaga that can challenge the knowledge and
beliefs that pre-service teachers bring to theicher preparation programs.

Preparing teachers to teach mathematics usingmafeethods of instruction can be
influenced by opportunities to learn to teach thei teacher preparation programs or
professional development forums. For example, Schvilcox, Lanier, and Lappan (1988)
noted that after a ten-week course with an intensiguiry-oriented approach for teaching,
PSTs who initially had a transmission view of taaghwere challenged. Similarly, in-service
teachers who were introduced to studies of stutd#mniking made significant changes in their
teaching (e.g., Carpenter, Fennema, Peterson, §;l8aboef, 1989), which perhaps were
influenced by changes in their beliefs about leagmathematics. Other scholars have discussed
opportunities to learn to teach mathematics thatvgbromising learning outcomes in teacher
preparation, which include teaching mathematicsteel courses using reform-oriented

pedagogical practices (e.g., Bartell, Webel, Bowkebyson, 2012; Ma, 1999), introducing



critical reflections of teaching practices (Morg&iHiebert, 2009; Carpenter et al., 1989),
planning mathematics instruction (Hiebert, MorBgrk, & Jansen, 2007), and learning
mathematics instruction (Charalambous, Hill, & BaD11), among others. Although these
studies of the preparation of teachers to teachenadtics show promising approaches that can
influence future teachers’ knowledge and beliefsualbeaching and learning mathematics, they
are mostly small-scale interventions or interpeetase studies and are based on studies mostly
done in the United States. There is a need to exathe affordances of these practices on a
larger scale and in other countries about whichetisescant literature, as was also suggested by
Adler, Ball, Krainer, Lin, and Novotna (2005) ireihreview of research on mathematics teacher
education.

This study uses empirical evidence from a largéest@ss-national sample of PSTs’
experiences in learning to teach elementary samadhematics, who are in their final stages of
their teacher preparation, to examine the extemtich differences in reform-based pedagogical
approaches in teacher education programs areddtathfferences in learning outcomes. This
study addresses two questions. First, what arpdtierns of differences that exist in the
pedagogical approaches experienced in teacherrptepaand in learning outcomes across the
17 countries that participated in the Teacher Etlmecand Development Study in Mathematics
(TEDS-M) survey? Second, how do the patterns aticiship between the pedagogical
approaches and the learning outcomes differ witim@e countries with the largest number of
teacher education institutions that participatethe@TEDS-M survey? Specifically, the study
examined the influence of opportunities to learI({d(i) through pedagogical practices used in
teacher preparation, (ii) through studying how lempmathematics instruction, and (iii) through

learning mathematics instruction for conceptualrigay, on pre-service teachers’ Mathematics



Content Knowledge (MCK), Mathematics Pedagogicait€ont Knowledge (MPCK), and beliefs
about learning mathematics.

1.2. Significance of the Study

The technology shift of the Zentury requires that graduates be able to apply
mathematics to fields such as advanced technobogymerce, medicine, and health (National
Mathematics Advisory Panel, 2008). In order to nibese demands, students’ performance in
mathematics and mathematics-related courses neédsimproved (NCTM, 2000). For this to
happen, teachers should have a rich knowledge tifematics and beliefs about teaching and
learning mathematics in order to teach in ways dhlatv their students to graduate with
mathematical knowledge that can be applied to neghtions. In other words, they should have
adequate knowledge to teach using the reform metti@ad have been shown to be related to
learning mathematics for understanding (e.g., Boa@02; Skemp, 1976). Teacher education is
one crucial arena in which pre-service teacherscaaden their knowledge for teaching
mathematics and can begin to shift their ingraineltefs about ways that mathematics can be
taught for conceptual understanding. Thereforalysiig promising opportunities to learn to
teach mathematics using a large sample can prewgrical evidence about what teacher
educators have done cross-nationally to prepars RSdmbrace methods of reform and enrich
their knowledge for teaching mathematics. Usindfith@ings from this study, reports can be
developed about promising approaches to mathentaticker preparation, and theories about
learning to teach mathematics can be developedrthrelr explored using other research
methodologies.

This large-scale comparative study of mathemagiasher preparation across

varying contexts, both between and within the coesthat took part in the TEDS-M



survey, allows for a wider consideration of infleerg factors and a wider generalization
of findings than using only one context. Countgas adapt/adopt promising practices
and approaches that can be used in preparing elarpeeachers to teach mathematics
using information from this study. Since most of #pproaches to teaching elementary
mathematics that were examined in this study comforthe methods of reform, the
findings can be used to gauge the extent to wigabhter education programs are
introducing their elementary PSTs to the method®fairm in mathematics, and also if
the PSTs are joining the profession with beliefswlieaching mathematics that might
promote the teaching of mathematics using inquagreaches. Also, similarities and
differences in terms of factors influencing PSTisbwledge and beliefs about teaching
and learning mathematics, which are not usuallyais/when studied in a single
context, can be illuminated using such an approach.

The TEDS-M database, based on the first cross+matgiudy of mathematics teacher
education, was selected because it has varialdésdh be used as indicators of the key features
of promising approaches to learn to teach. Furthes, database complements other cross-
national databases that have been used to exatagenss’ learning outcomes in mathematics
because it uses similar mathematics content anditoagdomains for PSTs achievement.

Three countries with the largest number of teaekleication institutions that participated
in the TEDS-M survey were selected for the withinuatry analysis: Poland, the Russian
Federation, and the United States. The large nuoflastitutions allowed for similar analyses
to be conducted for each of the three countriethaithe relationships could be compared.
Further, the selected countries allow for compariahin the Wesgroup,which includes

teacher education institutions in Europe and inAimerican geographical region (Blomeke &



Kaiser, 2012). Further, the teacher educationtirtgins in Poland and the United States prepare
PSTs through two distinct program types, whichcassified as generaltsaind specialist
programs for providing specific information on thygportunities to learn to teach mathematics in
different program types. Also, the three countpesvide information about the different grade
spans that pre-service teachers are prepareddo. fElae United States PSTs are prepared to
teach grades 1-6, while the PSTs from the Russderation are prepared to teach grades1-4.
The PST generalist teachers from Poland are preéparteach grades 1-4, while the specialist
PSTs are prepared to teach from grade 4 onwards.

Another compelling difference among the selectatht@es is the governments’ control
of the number of PSTs to be enrolled in their teagiteparation programs varies. The
universities in Poland have full control of theesstlon of their PSTs (Sitek, 2013). The United
States government, on the other hand, has weakéoton the selection of PSTs, and the
number of PSTs to be enrolled in teacher educatiograms is determined by the universities.
The Russia Federation has mixed control of PSEx8eh (Tatto et al., 2012). Thus, the three
countries selected have a wide range of differetiwgsprovide rich information to teacher

educators and policy makers about the opporturtitiésarn to teach mathematics.

! These are teachers who are prepared to teachahneere subjects(Tatto et al., 2012)
2 These are teachers who are prepared to teachmratibe (Tatto et al., 2012)



CHAPTER 2

CONCEPTUAL FRAMEWORK

2.1. Literature Review

Considering that the reform movement for teachimg) learning mathematics is intended
to improve the teaching and learning of mathemaiti¢s imperative that teachers are supported
to learn to teach in these ways. Reforms in thehieg and learning of mathematics were
introduced more than a decade ago, yet the didappmaches to teaching are still prevalent
(Barlow & Reddish, 2006). Scholars have suggestatisome teachers still use these approaches
to teaching because of gaps in their mathematios/leuge (Putnam, et al., 1992) or because
their beliefs about teaching and learning mathersatre influenced by the models of teaching
they experienced while learning mathematics (Bo&ied2).

Teachers’ prior knowledge influences their knowkedgd beliefs about teaching and
learning mathematics. Grossman (1990) positedathatf the key sources of knowledge for
teaching isapprenticeships of observatiomhich are influenced by models of how the teachers
were taught in school. Further, teacher educatbamses that are focused on subject matter
knowledge influence knowledge for teaching mathé&sgGrossman, 1990). These experiences
inform teachers of students’ understandings, istsy@nd abilities (Grossman, 1990). There is
need for teacher education programs to providemetmased knowledge for teaching
mathematics, in order to expand on what pre-sete@ehers already know about teaching for
conceptual understanding, or to challenge the fisedied knowledge that they bring to their
teacher preparation programs.

Putman and colleagues (1992) argued that it isiipes® change teachers’ beliefs and

knowledge using pre-service and in-service progrdmatshelp teachers to rethink their views



about teaching. Evaluating the knowledge and lsebépre-service teachers at the end of their
teacher preparation program can inform educatiakes$iolders about (i) the opportunities that
teacher preparation programs offer their pre-serteachers to learn to teach elementary school
mathematics, and (ii) what professional developrpeograms graduating teachers need for
continued support in developing their knowledge heliefs about teaching and learning
mathematics for conceptual understanding. Thiewewf literature outlines some findings of
studies of opportunities that teacher educatore pawvided their pre-service teachers and the
outcomes of these interventions.

The question used to frame this review was “Whatle knowledge and beliefs needed
for teaching mathematics effectively, and how @athers be supported to develop these
competencies in their teacher preparation prograifts® support in the teacher preparation
programs reviewed included case study analysigractsearch, simulations, video analysis,
practical experiences, use of technology, and pmglegl practices used in the teacher
preparation programs.

To address this question, extensive analysis wadumted on studies done from 1986 to
2014, including some earlier studies from the ea8§0s, and from the 1960s, and 1970s,
because of the important frameworks proposed #dtwant studies have further developed, as
well as their significant contributions to our ungtanding of teacher knowledge and teaching. A
variety of techniques were used to search for eglearticles, including ERIC, JSTOR, Google
Scholar, Web of Science, a hand search of somenadpeer reviewed journals and
monographs, and published reviews of related tibeea A hand search was done of the
Association of Mathematics Teacher Educatamographsthe Journal of Research in

Mathematics Teacher Educatidhe Journal of Mathematics Teacher Educatiand the



Journal of Teacher Educatio@ther journals, including th&ournal of Research in Mathematics
Education, The Teacher Educattiie Review of Research in Educatitime American

Education Research Journal, Teaching Children Matatcs, The Elementary School Journal,
Mathematics Teaching in the Middle Schools, Edocati Researcher, The Work of
Mathematics Teacher Educators, Mathematics TeaElecation,andThe International

Journal on Mathematics Educatiovere accessed through the search engines indiaateel|

as other through professional websites (e.g. NCTéMsie). Key words used in the search
engines included teacher education and the follgwéase studies, video analysis, action
research, pedagogical practices, teaching for ganaeknowledge, planning lessons, modeling,
and practical experiences. These key words weoenred by literature reviews on teacher
education and approaches used in particular te@chparation programs .The searches were
done for the mathematics subject area in ordeglersinstruction specific to the learning of
mathematics. Previous reviews in handbooks, suthed$andbook of Research in Mathematics
Teaching and Learninghe Handbook of Educational Psycholo@tudying Teacher Education,
theHandbook of Educational Psychologmnd theHandbook of Research on Teachprgvided
useful syntheses of this literature. Finally, sarmorceptual pieces that discussed mathematics
teacher education, cross-national studies on mattiesteacher education, and knowledge for
teaching from other journals and books were useddmeview.

The review did not include articles on student klemlge and beliefs, or articles that
discussed teacher knowledge and beliefs or theapapn of teachers in other subject areas
because the main focus was on mathematics. Tlotearselected were grouped by themes:
knowledge for teaching mathematics, beliefs abeathing mathematics, beliefs about learning

mathematics, cross-national teacher educationegudimathematics, and opportunities to learn
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to teach mathematics in teacher preparation. tdovithe studies into four topical groups:
opportunities to learn to teach mathematics (pediagl practices, opportunities to learn how to
plan mathematics instruction, and opportunitieeson mathematics instruction), beliefs about
teaching and learning mathematics, knowledge fchimg mathematics, and relationships
between these OTL to teach mathematics and thedeaompetencies, as defined as knowledge
and beliefs.

This review is not exhaustive in terms of the imégrtions used for learning to teach
mathematics. Rather, the intention of the revieto igrovide a framework that offers some
insights on some pedagogical approaches that heeredsed in the preparation of teachers to
teach mathematics and their influence on teachmpetencies as defined as knowledge for
teaching mathematics and beliefs about the tea@mddearning of mathematics.

The review is organized by literature related ® tariables | selected to use in the study
(teacher competencies and the opportunities to keateach), followed by studies on the
relationships among these variables. Specificélly,review first discusses the conceptions and
definitions of the knowledge for teaching mathecsgtSecond, the conceptualization of beliefs
about mathematics and the teaching and learningatfiematics is analyzed. Third, the review
outlines some discussions of opportunities to l¢éateach mathematics and how different
scholars have conceptualized them. Following tkeudisions of the variables used in the study
is a discussion of the types of opportunities Hate been shown to have an influence on PSTs’
knowledge and beliefs, which include case studiexss-national data, as well as studies using

the TEDS-M data.
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2.1.1. Knowledge for Teaching Mathematics

Teacher knowledge has been of particular intecetgacher educators, policy makers,
and mathematics education researchers. Scholagsgnaposed and re-examined the categories
of the knowledge needed for teaching as one ohtipertant factors for improving the teaching
and learning of mathematics. For example, Shulr88&, 1987) described the domains of
knowledge that constitute the knowledge base fachimg. Theknowledge baseccording to
Shulman, is composed of three domains: content ledne, pedagogical content knowledge,
and curricular knowledge. In addition, the knowledi@ase includes knowledge of the learners
and their characteristics, knowledge of the edoaaticontext, and knowledge of educational
foundations (Shulman, 1987). These categories ofvledge, have been re-examined by other
scholars (e.g., Ball, 1993; Ball, Thames, & Phefi¥)8; Fan & Cheong, 2002; Grossman,
1990; Hill et al., 2005; Ma, 1999), and subcateg®and redefinitions of teacher knowledge
have been proposed. A look at the categories fowladge of teaching mathematics as defined
by some scholars is briefly outlined below.

Content knowledge.

Content knowledge (CK) is “the amount and orgamzradf knowledge per se in the
mind of the teacher” (Shulman, 1986, p. 9). Thiknewledge that is gained by anyone who has
gone through formal learning of subject matterngsschwab's (1978) definition of knowledge,
Shulman described this knowledge as comprised @ivkig the substantive and syntactic
structures of a subject. The substantive structareshe one hand, are the “basic concepts and
principles organized to incorporate facts” (ShulmE®87, p. 9). Syntactic structures, on the
other hand, are the rules in the discipline (Shalni®86, 1987). The syntactic structures include

the language, symbols, and axioms used and orghtozescertain truisms and validity in the
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discipline. Similarlyprocedural knowledgegferred to by Grossman (1990) and Carpenter
(1986) as knowing how to perform procedures oofelhg pre-determined steps to solve a
problem, would fall within the CK domain as defingyg Shulman.

Pedagogical content knowledge

Pedagogical content knowledge (PCK) is the “amalgépoontent and pedagogy”
(Shulman, 1986, p.9). The PCK domain of knowledgguides the representation of ideas and
the use of metaphors, analogies, and strategietetiezhers draw on to make learning accessible
to students (Shulman, 1986, 1987). It is the walyregfresenting and formulating the subject
matter to make it comprehensible to others” (Shalnid®86, p. 9). In addition, having PCK is
being able to anticipate the errors, conceptiond,maisconceptions that students could have in
the learning process (Shulman, 1986). In other gjatds the knowledge needed to transform
the subject matter in a way that is familiar angdesging to students, instead of requiring learners
to learn the hard facts of the discipline on tlogwn (Dewey, 1902). Dewey (1902) used the term
“psychologizing” the curriculum for transformingtd suit the child’s level.

Curricular knowledge

This knowledge includes both knowledge of thedspo be taught and knowledge of the
different curricula available (Shulman, 1986, 1984$0, knowledge of the lateral as well as the
vertical curriculum is included in this knowledgendain. Knowledge of the lateral curriculum is
the knowledge needed to connect topics in one tegsthose “lessons or topics or issues being
discussed simultaneously in other classes” (Shuli@86, p.10). Vertical curriculum
knowledge is having the knowledge of what is tdeheght in the future and what has already
been taught (Shulman, 1986). Further, curriculaniedge includes teachers’ flexibility in

learning ever-changing curriculum materials (Shulpi87). This knowledge domain is
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important for its use in decision-making aboutitistructional practices to be used and the
content to be taught (Ball, et al., 2008).

More conceptualizations for knowledge for teachingathematics

Other scholars have built on the knowledge domaé&fmed by Shulman to provide
alternative, similar and/or a finer categorizatafrknowledge needed for teaching mathematics.
Ma (1999) conceptualized knowledge for teachinghmaiatics as profound understanding of
fundamental mathematics (PUFM). According to Mantfamental” refers to foundations, and
“profound” is the understanding of mathematics thdteep, broad, and thorough” (p. 120). In
this definition for knowledge for teaching matherositMa provides an expanded definition of
the content knowledge domain proposed by Shulmaichas the understanding of mathematics
that is connected and includes the knowledge ofipdelperspectives for solving mathematical
tasks. In addition, Ma includes longitudinal cadrere of the curriculum in her definition for
knowledge for teaching mathematics, which is sintibethe definition of curricular knowledge
as defined by Shulman.

Others scholars have argued that Shulman’s knowlddgains are not well understood
and need more development (e.g. Ball, Thames &i3h2D08). In studies that focused on the
skills needed for teaching, Ball and colleague®& @roposed that the content knowledge
domain proposed by Shulman be further divided acstmmon content knowledgadspecialized
content knowledgeCommon content knowledge is the “mathematicaladge and skills used
in settings other than teaching” (Ball et al., 2008399). Specialized content knowledge, on the
other hand, is the unique knowledge and skill ndedeeach mathematics effectively (Ball et
al., 2008). Additionally, Ball and colleagues (2D@8oposed that the pedagogical content

knowledge introduced by Shulman be divided into demains: knowledge of content and
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students and knowledge of content and teachingddheain referred to as “knowing about
students and knowing about mathematics” (p.4019lres knowing students’ thought processes
when learning mathematics, and also anticipatindesits’ errors, misconceptions, and
difficulties with particular mathematical concefBall et al., 2008). The knowledge of content
and teaching includes knowing how to select exampihat representations to use, and which
ideas students have that can be expanded (Ball, @008). These additional domains of PCK
give explicit attention to the distinct knowledgaegories that underlie PCK.

Fan and Cheong (2002) suggested other subcategbpeslagogical knowledge,
including pedagogical curricular knowledge, knovgeaf ways of instruction, and PCK (as
cited in Tatto et al., 2009). The pedagogical cuta knowledge and PCK domains are similar to
those proposed by Shulman. However, the pedagagstalictional knowledge domain is added
to the pedagogical knowledge categories and idaita the specialized content knowledge
domain proposed by Ball and colleagues. The knoydetbmains proposed by Ball and her
colleagues (2008), Shulman (1986), Ma (1999), Feh@heong (2002) were aligned to the
knowledge domains tested in the TEDS-M achievertestt The PUFM proposed by Ma (1999)
is more particular about the affordances of thidarstanding to teaching mathematics
effectively’ and gives a relationship between knowledge artd.iction that is examined in this
study.

Cross national studies of knowledge for teaching ttimematics

The proposed domains of the knowledge for teactmathematics have been examined

in cross-national studies of teacher preparatianathematics. The cross-national studies

* Effective teaching of mathematics here means tlhematics is taught for conceptual understandingther
words the students are not only taught procedbrgshey are taught why procedures work and thew laadeep
understanding of mathematics because of the tegeimployed.
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include the Mathematics Teaching in thé'2&ntury (MT21) and previous studies done with the
Teacher Education and Development Study of Mathiesat

The cross-national study, Mathematics Teachingen2tf' century (MT21), which
examined teacher preparation in mathematics ic@ixtries, analyzed knowledge for teaching
mathematics using two main categories: content kenbye and pedagogical content knowledge.
The pedagogical content knowledge construct comgrismstructional planning knowledge,
knowledge about student learning, and curriculanwkedge” (Schmidt et al., 2011, p. 61). The
PCK used by Schmidt and his colleagues (2011) deduhe knowledge about students’ learning
(similar to Shulman’s categorization), but includies curricular knowledge that is a separate
dimension in Shulman’s proposal of the knowledgeelfar teachers. Different from Shulman’s
PCK dimension, the instructional planning categemncluded as part of PCK. Similar to the
MT21 conceptualization of knowledge for teachingmeanatics, the TEDS-M conceptualization
comprises mathematics content knowledge and pedag@gntent knowledge. The pedagogical
content domain as defined in the TEDS-M databadades “curricular knowledge, knowledge
about the planning for teaching, and knowledgeedl#o enacting teaching” (Tatto, 2012,
p.131). As such, the knowledge domains in TEDS-Mdw from and modify Shulman’s
proposed knowledge domains and Fan and Cheongiestegl categories of PCK, and they
build on the MT21 study. The domains of knowledgediin the TEDS-M study focused on the
domains of knowledge that can be studied crossmaity and are general knowledge domains
that are common to all countries.

A view of the findings from cross-national dategluding the TEDS-M data, on
knowledge for teaching mathematics shows signifid#ferences within programs, within

countries, and between countries. Schmidt andaglies (2011), for example, showed
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significant differences in knowledge for teachingthematics among middle school pre-service
teachers within and between the six countriesghgtcipated MT21 study. (It should be noted
that the PSTs samples in the MT21 study were mmtaly sampled, and therefore caution
should be taken when generalizing to the whole tgySchmidt et al., 2011).) Similarly,
Blomeke & Kaiser (2014b) noted that there were ificant differences in PSTs’ scores for the
domains of teacher knowledge within and betweercthmtries that participated in the TEDS-M
survey. Specifically, within Russia and Poland PBad higher MCK scores as compared to
their MPCK scores, while within the United Stat&TB had higher MPCK scores as compared
to their MCK scores (Blémeke & Kaiser, 2014b). Sankl colleagues (2014) showed that more
than half of the PSTs sampled in Russian institgtidhat participated in the TEDS-M study had
an MCK score above anchor pdi@t Further, more than 90% of PSTs in Chinese Taiyith
teaching specialization in the 1-6 grade spanthadhighest mean score; they were classified at
an anchor point of 2 as compared to the other ggpdr teaching specializations. Between the
countries, Senk and colleagues (2014) also notd™8Ts from countries that had programs in
which more math classes were offered, or in wheathers were prepared in specialist
programs, showed higher MCK scores. Finally, withi@ programs, the MCK scores varied
between “100-200 score points: that is betweentotwo standard deviations of the full
population”(Senk et al., 2014, p.76). This finde@nfirms that there is great variation in PSTs’

performance within programs cross-nationally.

* The anchor points were used to describe the P&farmances using specific points on the MCK andd¥P
scales. For MCK, anchor point 1, representing aeldavel, corresponds to a scale score of 432qTdthl., 2012,
p.136). PSTs classified at this anchor point wiedyt to be successful at answering questions oaisgd on the
knowing cognitive domain. These include the liketld of answering questions on basic understandtrajght
forward arithmetic, and simples computations (Tattal., 2012). For MCK anchor point 2, a scalere®f 516
(Tatto et al., 2012, p.136), PSTs were successiritaacting the mathematics from story problemtaaniliar
contexts, had knowledge of algebra to be succeasfidrrectly answering questions on linear expoass but not
enough knowledge to be successful in connectirggkimdwledge to more complex algebra questionstharo
words, anchor point 2 had knowledge in the cogaitemains of knowing, applying, but still showedakeesses
on questions on reasoning (Tatto et al., 2012).
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For the MPCK, in which the primatanchor point was defined, there was a significant
variation across the countries. PSTs’ score whielewelassified with an anchor point of one
were able to analyze teaching strategies, as welhalyze some students’ work on given single-
step story problems of primary level content (Tattal., 2012). Senk and colleagues (2012,
2014) noted large differences between the lowesthaghest scores of PSTs MPCK within each
of the participating countries. Further, PSTs i $pecialist programs had higher MPCK scores
than those from the generalist programs withincthentries. In short, Senk and colleagues
identified large variations in MPCK scores acrossrtries, within a country, and within
programs.

Scholars have argued that knowledge for teachinenaatics is closely related to
beliefs about mathematics, and about teachingeardihg mathematics. Thompson (1992)
explained that knowledge and beliefs have a clos@ection that has created difficulty in
distinguishing between the two. Thompson (1992hfrsuggested that studies of teacher
knowledge are only complete if teachers’ belietsiacluded. The next section gives a
description of beliefs about mathematics and ma#tiesiteaching, and of studies of beliefs
about teaching and learning mathematics.

2.1.2. Beliefs about Teaching and Learning Mathematts

Teacher beliefs is becoming a popular area of studgucation because of its
connectedness to knowledge for teaching (Thom@s@82). Thompson (1992) pointed out in

his review that there was a paradigm shift towatddying teachers’ thought processes and their

®> PSTs who scored above the MPCK primary anchortpoiuld interpret given conventional students’ wirdm
the primary grades, were able to recognize a coreeching strategy when given a concrete exaropldd identify
arithmetic elements from single step problems (Ssrat., 2014). However, at the primary anchor ptiie PSTs
were not likely to (i) “ use concrete representadito support student learning or recognize hotu@esits thinking
is related to a particular algebraic representaijpr817), (ii) understand measurement and probglmibncepts to
“reword or design a task”, (iii) “ know why a pantilar teaching strategy made sense”, (iv) be aafeommon
misconceptions “ devise” useful representationsurherical concepts” (Senk et al., 2014, p. 317)
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decision-making, moving away from the previous ss@f the relationships between teaching
skills and student. Similarly, Shavelson (1988)gasged in his American Educational Research
Association presidential address the need for euidi focus on thmind framesof practitioners,
in order to influence teachers’ conceptions. TheefThompson’s extensive review of research
on teaching and Shavelson’s address that focusédwmesearch can contribute to education
policy and practice show that studying teachers\vidiedge and beliefs gives a more holistic
view of what influences teachers’ actions, which ttgen lead to positive learning outcomes.
Beliefs, unlike knowledge, can be categorized anftrm of systems (Thompson, 1992).
Some unique features of beliefs, as outlined innfjpgon’s review, include that beliefs “can be
held with varying degrees of conviction,” are “moinsensual,” and “can be organized as belief
systems” (p. 129). With a particular focus on t&ching and learning of mathematics, Ernest
(1989a, 1989b) categorized the belief systemsttaghers have into three categories: (i) views
about the nature of mathematics; (ii) views abbatriature of teaching mathematics; and (iii)
views about the process of learning mathematicthdrcategories of views about the nature of
mathematics, Ernest discussed lttrumentalistthe Platonist and theProblem Solvingiews.
In the instrumentalist view, mathematics is beltet@be an accumulation of facts, rules, and
skills that are unrelated. The Platonist views reathtics as a unified body of knowledge that is
discovered and not created. Finally, the probleivirsg view considers mathematics to be
dynamic and learning mathematics to involve a s inquiry, with the results open to
critique (Ernest, 1989a, 1989b). Put hierarchicallierms of the cognitive levels,
instrumentalism is the lowest level, followed b tRlatonist view, and finally problem solving

as the highest view.
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In the system of beliefs about the nature of teagmathematics, Ernest considered the
role of the teacher, the teacher’s actions, argsob@m activities. He categorized beliefs about
the teacher’s role into (i) the instructor, who érapizes mastery of skills and corrects
performance; (ii) the explainer, who emphasizeseptual understanding with unified
knowledge; and (iii) the facilitator, who is corgidgtt in problem posing and solving. Focusing on
the teacher’s views about the learning of mathessakrnest dichotomized this belief system as
(i) active construction of knowledge versus passageption of knowledge, and (i)
development of autonomy in the child’s interestsusrthe learner as submissive and compliant
(Ernest, 1989b). Views about teaching and learmaghematics are related to views about the
nature of mathematics (Ernest, 1989a). A teachér avPlatonist view about the nature of
mathematics may likely have the view that teacimmaghematics involves explaining, and that
learning is receiving the knowledge provided bytdecher. On the other hand, teachers with a
view of mathematics as problem solving view thelerin the teaching process as a facilitator
and that learning is then an active constructioknaiwledge. Cooney, Shealy, and Arvold
(1998) conceptualized the belief structures ofgerrce teachers as thergive idealist view
(i) isolationist view (iii) naive connectionist vievand the (ivyeflective connectionistiew. The
PST with ansolationist viewjoins their teacher preparation program with tiewthat they
know the right way to teach and are resistant emgk because their views and the views in their
teacher education programs are separated. Sudtetsare not willing to accommodate new
views about teaching and learning mathematics.rnBiee idealisPST is one who takes in other
views without critically analyzing the perspectivedtered. In contrast to theaive idealist
perspective, thaaive connectioni®®STreflects on previously held views when \ encountgri

new views but do not resolve the conflicts of the wiews, while theeflective connectionist
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reflects on the conflicts between previous views tnose of others and is able to adapt to new
ideas. Cooney (1999) suggested that the prograi@sedfin teacher preparation should seek
ways that can enable their PSTs to develop a teféestance that then allows them to adapt to
new perspectives for the teaching and learningathematics.

Studies of the beliefs about teaching and learmathematics show that beliefs
influence teachers’ actions. Ernest (1989a) argliatthe belief systems that teachers hold about
mathematics, mathematics teaching, and the leaafingathematics influences their interaction
with texts, their role in the classroom, and tmeadel of what teaching should be. Similarly,
Prawat (1992) suggested that the teachers’ viewstdbe discipline influence their instruction.
Further, some teachers’ beliefs about teachingnéiteenced by their views about whom their
students are and views about the subject (Pra®8f)1Ernest (1989a), however, cautioned that
the context and the opportunities available indbwietext might influence the relationship
between the teachers’ belief systems and actianthét, the belief structures of PSTs have a
strong influence on whether they adapt to new ideastain the ideas that they have from
previous experiences.

Cross-national studies of teacher beliefs

Cross-national studies about teacher beliefs shawthere are universal patterns of
beliefs about the nature of mathematics, whiledtaso exist differences in teachers’ beliefs
across countries. The MT21 study of the beliefaudbmathematics explored four views about
mathematics, mathematics as: (i) a creative scjéinra useful science; (iii) a formal and
logical science with an axiomatic basis, and (iva&yorithmic science consisting of a collection
of terms, formula, and rules (Schmidt et al., 2q1168). The study found that there is widely

held patterns of PSTs’ beliefs about the teachimhlaearning of mathematics. The study found
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that the pre-service teachers in all six countég®rted having a dynanfigiew of mathematics.
The study also found some variation across coumntridne PSTs from South Korea and Taiwan
had similar views about mathematics and the natiteaching and learning mathematics, but
these views differed from those held by teachether countries in the study (Schmidt et al.,
2011). Further, Taiwanese PSTs showed a strongofiemathematics as formal and algorithmic
(Schmidt et al., 2011). In sum, though the PSTefsethow some similar patterns, there was a
strong indication that beliefs about teaching aaining mathematics varied by country.

In the TEDS-M survey, the pre-service teachersaeded to questions that aimed to
examine their belief systems about the nature dhemaatics as rule bound versus a unified body
of knowledge and their views about the nature afrleng mathematics as teacher directed versus
problem solving, using the dichotomies from thadislabout mathematics and beliefs about
learning mathematics given by Ernest. The TEDS-Meyiused the terms active learning and
teacher-directed to describe beliefs about teaclnuglearning mathematics.

Scholars who have used the TEDS-M data found éiffegs in views about the nature of
mathematics within and between countries. FelbKaiser, and Schmotz (2012) reported that
PSTs’ beliefs about the nature of mathematics daingly within and between categories of
countries, namely collectivist or individualistia. collectivism culture, “people from birth
onwards are integrated into strong cohesive grqtjmdstede, 2001, p.225). Learning is to fulfill
the duty that is expected by the teacher, familgamiety, who in turn should support the learner.
Failure from the learner is attributed to lack tibe of those supporting the learner (Felbrich et
al., 2012). Inindividualistic cultures, “ the tietween individuals is loose. Everyone is
expected to look after himself” (Hofstede, 200225). Knowledge is acquired by oneself and

failure is caused, therefore, by a mismatch ofctraditions for learning and the individual

® A dynamic view of mathematics is a belief that heamatics is useful and a creative science (Schenialt, 2011)
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(Felbrich et al., 2012). Felbrich and team noted #STs from highly collectivist countries
(Malaysia, Russia, Thailand, and the Philippineés)maore inclined to have a static view than a
dynamic view of mathematics. However, PSTs fromhigéaly individualistic countries

(Norway, Switzerland, and Germany) have a dynanawawf mathematics, while PSTs from
Spain, Chinese Taipei, and Singapore PSTs showdv/iews about mathematics (Felbrich et
al., 2012). The static view of mathematics consdleat mathematics is based on axioms, is a
collection of terms, formulas and rules. Thesefammalist and schematic views of mathematics,
respectively (Felbrich et al., 2012). The dynamewof mathematics is related to the problem
solving process (process-related) and to usefuloetb® society (application-related) (Felbrich
et al., 2012). These differences across the caantiniat participated in the TEDS-M showed that
the beliefs about mathematics are indeed influebgecllture.

Tang and Hsieh (2014) used a categorization aéfisedbout the nature of mathematics,
comparing the open and creative nature of mathemaérsus the conservative and rigorous
nature of the mathematics beliefs of lower secondethematics teachers across categories of
countries (see categories proposed by Blomekd&ars®r (2012)) that participated in the
TEDS-M survey. Their study showed that PSTs’ bsliefall the countries, except those
categorized adeveloping Asiashowed a consistent pattern of beliefs aboun#tere of
mathematics (Tang & Hsieh, 2014). The consistetiepaacross the countries showed the open
and creative nature of mathematics and that mattiesma best learned through the
consideration of student initiatives as the streh@STs’ belief about the nature of mathematics
and the nature of learning mathematics, and utditégsm in teaching in their beliefs about
teaching mathematics as the weakest. Further, R&Tisthe categories of countries in

developed Europ&€onfucian Asiaand theAmerican grougshowed negative views for teacher
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instruction and explanation to students, whiéxeloping AsiandEast Europeshowed positive
views (Tang & Hsieh, 2014). In addition, Tang ansléh (2014) found that PSTs from the
United States, Poland, and Taiwan showed negaigveswof teacher instruction and explanation
to students.

Other studies (e.g., Wang & Hsieh, 2014) showetlttteabelief profiles of teacher
educators showed similarities to those of the PSirsilar to MT21 study findings, belief about
the inquiry view and the active learning view wasoanmon belief among the PSTs and teacher
educators in all the participating countries (W&ngsieh, 2014). These findings show that the
beliefs about mathematics and about teaching arditegy mathematics across all the countries
that related to reform-oriented instruction aresied becoming a global feature.

It still remains apparent from these cross-natichadies that there are differences
between countries, and the features of groupswitces need further investigation to
understand what factors might be influencing trd#ferences in their belief systems.

2.1.3. Opportunity to Learn

The term opportunity to learn (OTL) in educatioredearch was initially used by Carroll
(1963), as one of the five variables that can leel is explain differences in students’ learning.
According to Carroll, three of the five elementattmfluence learning are individual factors,
while two are external factors. The individual fastproposed are (i) aptitude and the time
needed to learn a task; (ii) ability to understdrallearning task; and (iii) perseverance or the
time students spend on a task (Carroll, 1963; 198%) external conditions that influence
learning are (iv) the opportunity to learn, suchhastime allowed for learning; and (v) the
quality of instruction. Opportunity for learningy particular, can also refer to the “school

schedule ... the time allowed for learning” (p. 26arroll (1963) argued that influencing or
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changing a student’s aptitude can prove a challdngehat it is possible to introduce
interventions to modify students’ perseveranceshiees’ quality of instruction, and the
opportunity for learning. Carroll noted that pravsoscholars had not explored the dimension of
opportunity to learn.

This model of learning, proposed by Carroll (1968)s received a lot of attention, and is
highly regarded among educational researchers.if®adly, the OTL dimension of the model of
learning been redefined in different ways, follow/ihe initial definition given by Carroll
(1963). For example, Schmidt, Cogan, and Houan@l(etamed OTL in two ways. One
definition looks at OTL as the instructional timeen to a topic. In this case, OTL is the time
intended in national curriculum guides for teachantpic, or the time teachers report they spend
teaching a topic. The second way of framing OTtheproportion of teachers in a country
covering the topic (Schmidt et al., 2001). SinylaFloden (2002), in his review, showed that
OTL measures had been defined as the time spemtamic(s), the relative emphasis of the topic
in relation to other topics, and if the topic hagkb taught or will be taught. Thus, OTL can be
compared in terms of either curricular differenoeslifferences in teachers’ instructional time
on content or subjects (Floden, 2002; Schmidt.e2@D1; Tornroos, 2005). In all these
definitions, the OTL discussed focus on the quamtttime, with no focus on the quality of
instruction, which is part of the opportunity tata initially proposed by Carroll.

Together these studies show that opportunityaml€OTL) has also become a popular
area of study in international comparisons (Flo@&92), and it has found to be positively
related to student achievement (Floden, 2002; Sdthwtial., 2001; Toérnroos, 2005). OTL,
therefore, is important in comparative studiesxangine the variations in curriculum across

countries and to represent the diversity in conpeavided by the different programs between
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and within groups, and to examine the factors erflting differences in the levels of knowledge
and, (Tatto et al., 2008). Indeed, Carroll (198Krewledged that the model proposed for
learning offered a “broader, more theoretical b&si€xplaining and interpreting school effects”
(p. 27) and seeks to achieve “equality of oppotitimather than “equality of attainment” (p.30).
Thus, this variable introduces an aspect of fagnasen studying learning outcomes.

Cross-national studies on opportunity to learn ieacher education

The previous studies examined OTL among studentswére in the K-12 classrooms.
Cross-national studies have also used opportunmigeatrn in teacher education to explain
differences in the PSTs’ competencies that existssccountries and the curricula offered to
PSTs. The study of middle school mathematics tegoieparation in six countries (MT21)
examined the opportunities to learn to teach mattiesiusing (i) the time spent in teacher
preparation; (ii) topics covered in applied matheosaspecific to middle and high school
mathematics; (iii) experiences of the PSTs thatealeted to the teaching of mathematics,
including practical experiences; (iv) instructiotiale for each of the mathematics strands; and
(v) the total number of courses covered in mathesanathematics pedagogy, and general
pedagogy (Schmidt et al., 2011). The study showatithere are variations in the number of
courses taken by PSTs across six countries, wills RSTaiwan taking four more courses in
total, during their teacher preparation, as congpéwehe PSTs in the United States. Further, the
variation in the number of courses taken in mathesaas highest in the United States, with
the majority of variation of mathematics coursangkound within institutions. Of the countries
that participated in this study, PSTs from the EdhiStates had taken fewer courses in formal

mathematics but more in general pedagogy (Schralt,2011) as compared to those in other
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countries. These findings offer the strong possyhilf opportunity to learn being a factor that
influences the differences in knowledge of teachmaihematics that is found cross-nationally.

In the TEDS—M survey, the learning experiencesST #in their teacher preparation are
considered opportunities to learn. OTL is framethascontent coverage, the extent of learning
particular topics in teacher preparation, the fexguy of activities in the content and methods
courses, and the teaching methods used (Blomekel&y, 2012; Tatto et al., 2008). As such,
the opportunity to learn in the TEDS-M survey ird#g an aspect of the quality of instruction
that was somewhat missing in the studies done dn&diong K-12 students. To examine
opportunity to learn, the survey asked teacher @&dus the frequency with which they used
particular activities and teaching strategies &ehemathematics and mathematics methods
courses in the teacher preparation program. (Sesies in the methods chapter.) Thus,
information about opportunity to learn obtainedfirthe teacher educators gives information
about the planned and/or the enatmdriculum. The survey also asked the pre-senéaehers
the extent to which they engaged in a number a¥iies and experienced learning strategies
during their teacher preparation mathematics reéleveirses. In this case the OTL examined is
the experienced curriculiim

OTL to teach mathematics from the TEDS-M data slibvaiation across countries and

programs, and was related to the cultural cont@atintries in which PSTs were prepared in

’ The planned curriculum is the teacher educatosgagse that gives an account of formulating “whay/twill

do”. The enacted curriculum is the response abdiat they actually did (Gehrke, Knapp, & SirotniR92, p.55).
Note that not all the teacher educators in the ahmgd taught the pre-service teachers mathenaticgthematics
methods. For this reason, the responses of the@eaducators could be either the planned or theted
curriculum.

8 This response relates to what the PSTs repdrtedtiey got from their courses and aligns to #finiion of the
experienced curriculum defined by Gehrke and cglliea (1992),
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mathematics specialist programs had the highesti®Tte coverage of tertiatynathematics
topics (Tatto et al., 2012; Blomeke & Kaiser, 281L4A profile of the OTL across the countries
showed that the category of topics classifielamberwas most studied by the PSTs, while
Calculusseemed tde the least studied topical area of mathematioshé&r, the OTL basic
university mathematics was reported common acrbssuantries, while the OTL tertiary and
school mathematics varied across the countrier{Bk& & Kaiser, 2012). Similarly, the OTL
mathematics pedagogy varied across the countnestha only OTL that was common across
the countries was learning about teaching methBldsneke & Kaiser, 2014a). Blémeke and
Kaiser (2014a) found that PSTs from the “East”undahg Taiwan, Singapore, Poland and parts
of Russia, had OTL basic mathematics and functior@hematics (p. 323). These results show
only particular dimensions of opportunities to lesw teach mathematics that focus on the topics
covered that are related to mathematics and matiesnpeedagogy and their variations across
the countries. However, there are other opporemitnat include the aspects of the quality of
instruction for learning to teach mathematics thate not explored in these cross-national
studies, but have been documented as promisingtnitees to learn to teach mathematics.

To understand further the link between teacher atemzies and OTL to teach
mathematics, the next section reviews studiesréiaite more components of opportunities to
learn to teach mathematics to PSTs’ knowledge ahdfb about teaching and learning

mathematics.

® The tertiary level mathematics areas were: gegmeéiscrete structures and logic, continuity anactions, and
probability and statistics (Tatto et al., 2012).
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2.1.4. Relating OTL to Knowledge and Beliefs aboukeaching and Learning

Mathematics

In discussing ways of supporting teachers to dgvelathematics knowledge for
teaching and beliefs about teaching and learnintpenaatics that are related to reform-oriented
instruction, it is important to consider what seslhave shown to be the important sources of the
knowledge that teachers need to have for teacBiagh insights are important in informing
teacher preparation programs of the practices atindtees that will benefit teachers’
development of their knowledge and beliefs for k&g mathematics effectively.

One of the key sources of knowledge for teachinprisugh theapprenticeshipf
observationNGrossman, 1990; Lortie, 1975). Knowledge is acgliirom images of how people
are taught in school and the models of teachinghta observed during teacher preparation.
Teachers use these apprenticeship experiencemtmithemselves of students’ understandings,
interests, and abilities (Grossman, 1990). SonteeMmodels of teaching that teachers are
familiar with follow the transmission model of téwag and the use of memorization and
procedures to solve tasks, which have been showo me effective for teaching and learning
mathematics for understanding (Putnam et al., 1982mp, 1976). The images of instruction
that teachers bring to their teacher preparatiognams are influential in determining the
classroom practices they adopt. Teacher preparptagrams, therefore, need to design ways to
challenge and influence the knowledge and belietgaiamathematics teaching and learning that
pre-service teachers bring to their teacher préjpararograms (Borko & Putnam, 1996; CBMS,
2001). Putnam and colleagues (1992) posited timpivssible to change teachers’ beliefs and
knowledge using pre-service programs that helphiacto rethink their views of teaching. In

the same vein, Feiman-Nemser (2001) emphasizedethetier education programs should
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provide a curriculum in which the teachers’ beliafe critically examined and should be
developed to challenge or amend these beliefs. @ftdy the beliefs are challenged can teachers
embrace the new visions of teaching (Feiman-Nen2€€x]).

Pre-service teachers require models of teachirtglles can refer to as exemplary for
teaching mathematics. Borko and Putnam (1996), iekveontended that disciplinary courses
for pre-service teachers do not stress teachingrfderstanding, and are instead taught using
high levels of abstraction. In addition, pre-seevieachers get inconsistent messages when
exposed to different models of teaching (Borko &fam, 1996); the courses that are taught in
different departments, by different faculty, sonregs are disconnected and do not form a
coherent whole (Feiman-Nemser, 2001). Moreoverwég the faculty suggested teaching is
different from what they actually do in their teaclpreparation classrooms (Feiman-Nemser,
2001). Cranton (2002) argued that there is a neepré-service teachers to see models of
instruction that they can emulate in their own teag.

One of the ways teacher preparation programs nmfllaence pre-service teachers’
knowledge and beliefs about teaching and learniathematics is through the pedagogical
practices used to teach the content and pedagopwibiematics. These pedagogical practices
provide important images of effective teaching pcas that pre-service teachers can learn from.
Some studies suggest that the approaches usetptBB€s learn to teach mathematics can
influence them to embrace the methods of reformeaifirm their existing beliefs about teaching
and learning mathematics. Other studies suggesapipgoaches used to learn how to plan
mathematics instruction for conceptual understamdimd to learn mathematics instruction for
conceptual understanding influence teachers’ kndgdeand beliefs about teaching and learning

mathematics.
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Following is a brief summary of some of the apphwmscthat have been used in pre-
service teacher preparation for teaching mathematid the outcomes from those approaches.
The review outlines (i) pedagogical practices usg@acher preparation programs; (ii)
approaches to learning how to plan mathematicsucisbn for conceptual understanding
instruction; and (iif) approaches to learning math#cs instruction for conceptual
understanding.

Pedagogical practices used in teacher preparation

Teacher education programs often aim to encouregfegsional collegiality. Feiman-
Nemser (2001) stated that during pre-service tegoteparation, teachers can be encouraged to
form “habits and skills that are necessary for gitugi teaching while in the company of
colleagues” (p.1019). Pre-service teachers miglmrepared to work in teams by giving them
collaborative assignments, and by encouragingitieswdeveloped by pre-service teachers
(Grossman, 1990). These collaborative activitiesbat novice teachers to gain a clearer
understanding of certain mathematics conceptseaxhing practices (Charalambous et al.,
2011; Ma, 1999). Feiman-Nemser (2001) gave exangblesllaborative activities: analysis of
student work, critical analysis of curriculum maaés, interviewing students to uncover their
thinking, and studying how other teachers work talsadhe same goals. Darling-Hammond
(2006) posited that sharing ideas is of benefihangrowth of knowledge for teaching.

Models of reform-oriented pedagogical practices

Based on the literature that is available, somenming pedagogical practices that have
been used in teacher education are group work,endrolup discussion, and the analysis of
teaching and learning. Group work, for exampleyimch PSTs work collaboratively on

assignments and assess their peers’ responsesll @s wngage in whole group discussion (e.qg.,
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Bartell et al., 2012; Coffey, 2004; Lloyd 2006; M#&99; Tarr & Papick, 2004), are pedagogical
practices that have been found to allow PSTs tagétarer understanding of mathematics
concepts and teaching practices. Studies of indalidourses in which data was collected from
PSTs’ reports, responses to interviews, and jowentrles showed that they appreciated that
learning mathematics is different from what thegy ased to.

Models of non-reform oriented pedagogical practices

However, there are pedagogical practices that ragg An unintended influence on pre-
service teachers beliefs about teaching and legrfior example, if teachers are introduced to
learning to teach mathematics using a didacticagagr, this may reinforce their transmission
views about teaching and learning. Using lectues@ntations and demonstrations during
teacher preparation was associated with PSTs dawuglprocedural images of learning
(Eisenhart Borko, Underhill, Brown Jones, & Agat@93). The step-by-step process and the
single method of instruction that the pre-servegchers experienced during their learning of
mathematics content encouraged them to memorizeg@uoes instead of using the sessions to
understand the explanations given (Eisenhart €1293). Though the pedagogical practices
encouraged the pre-service teachers to work inpg,dhe focus was on memorizing what had
been demonstrated. Therefore, in this pedagogreatipe, the work done in groups did not
encourage creative ideas but instead focused omngahrough didactic approaches.

Analysis of teaching and learning

The analysis of teaching is another pedagogicaitjme used in teacher preparation that
is related to positive outcomes in teacher preparatVhen pre-service teachers have
opportunities that allow for reflection to improtreeir practice, it influences their knowledge for

teaching and their beliefs about teaching and iegmmathematics (Cooney et al., 1998). The
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analysis of teaching and learning through audidyarsaof mathematics lessons, case study
analysis, reading research on teaching and legraivajysis of lesson plans, or any appropriate
situation that provides a supportive environmeisedaon the set principles and standards of
teaching and learning, have been suggested as esofsupportive contexts for reflection of
practice and learning to teach (Hiebert et al.,Z200orris & Hiebert, 2009). Specifically, audio
analysis has been documented for its power adextige tool (Taylor & O’'Donnell, 2004), as
have case study analysis of teaching (Schifter &&ae, 2008; Silver, Clark, Gosen, & Mills,
2008; Henningsen, 2008) and readings about researtdaching and learning (Carpenter et al.,
1989; Van Zoest, Stockero, & Edson, 2010). Anotugportive practice that have been used in
teacher preparation is the introductiorchaldren’s mathematical teaching experiefGMTE)

in which a mathematics course was integrated witldien’s mathematics thinking. This
practice was found to have helped PSTs to develme sophisticated beliefs (Philipp,
Thanheiser, & Clement, 2002), as compared to th&@logroup who were learning mathematics
without an introduction to children’s mathematitahking. Such contexts allow for PSTs to
reflect on the conflicts between their previousdieland improved in their content knowledge
for teaching and learning mathematics and theieggpces of alternative teaching methods
introduced in various ways during their teacheppration (Cooney et al., 1998). In these
studies, the PSTs’ beliefs about learning and iegciere noted to have shifted to thinking
more about problem solving practices that helpdcan improve in their learning. Also, the
PSTs’ responses to interviews and researchershadigens of their discussions in mathematics
education courses showed that they focused mostudents’ thinking. More importantly, they

developed a rich understanding of mathematics @neaching.
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The learning outcomes of the PSTs reported fronstihéies on the pedagogical practices
used in teacher preparation suggest that if PSperence practices that are similar to the
teaching practices recommended by the reformg, khewledge and beliefs about teaching and
learning mathematics may improve. The literaturgcdbed cases in which these different
pedagogical practices used for teaching the PSTes setated to the improvement of the PSTs’
beliefs about teaching and learning, and consetyuenair views at the end of the courses
favored the inquiry approach for teaching and legymathematics.

These studies of the practices used in teacheaptpn programs are based on the
findings of small-scale interventions conductedalithors of the studies or by instructors in a
given mathematics course in the PSTs’ teacher prgpa. Also, the PSTs’ competencies that
are reported are mostly action research and irgBvprin nature and thus limit the development
of a theory about a method of instruction. Althotlgé studies indicate the data they used in
their interpretations, the methods of analysisus@ear in most cases. Missing from the
literature are large-scale analyses of these pescticross different teacher preparation programs
in which a clear and appropriate method of analgst®nducted. Such analyses would provide
evidence about the generalizability of these s@dle studies of pedagogical practices in
mathematics teacher preparation.

Opportunity to learn how to plan mathematics insttion for conceptual
understanding

In planning instruction, teachers’ beliefs and Wtexlge about teaching and learning
influence the decisions they make. For exampleséhection and critique of curriculum
materials are influenced by the teachers’ knowletiggbeliefs (Putnam et al., 1992). A teacher

must carefully think through what resources aretrappropriate for the learning process of their
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students, rather than just using the textbook werb@utnam et al., 1992). In teacher education,
therefore, it is imperative that PSTs are suppatetkvelop the knowledge and beliefs for
planning mathematics instruction for conceptualarathnding if we intend to graduate teachers
with the needed competencies.

In the literature on mathematics teacher preparatiovee different approaches to helping
pre-service teachers learn about planning have pegosed: the development and analysis of
learning goals (e.g., Morris & Hiebert, 2009), eductions to standards-based curriculum
materials (e.g., Lloyd, 2006; Tarr & Papick, 200)d introductions to meaningful learning
experiences that include engaging with rich mathealaasks, and selecting models for
teaching mathematics topics (e.g. Flowers and Ratbam 2006; Steele, 2006).

The development and analysis of learning goals

Key to successful teaching is the identificatiéhe@ learning goals of a lesson or a unit.
Emphasis on learning goals is important for plagraa well as for the revision and
improvement of teaching (Morris & Hiebert, 2009ndwing the sub-concepts of mathematical
ideas, according to Morris and Hiebert (2009), begachers identify and think about the
mathematical concepts that should fit togetherdeofor a learning goal to be met. In their
study of 30 K-8 pre-service teachers who had oppdrés to learn to (i) explain and represent
mathematical ideas in relation to their embeddddcancepts, (i) unpack mathematical
concepts into their constituent sub-concepts, anguitify algorithms that work, the pre-service
teachers were able to identify sub-concepts ofrgtasks when the environment was supportive,
as suggested from the analysis of their resposesitten tasks (Morris & Hiebert, 2009).

Some examples of supportive environments were ta@&ed to evaluating student responses

that contained errors.
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Teachers who develop focused learning goals jarfidid with a specialized knowledge
of mathematics for teaching. They can use the ifileation of sub-concepts to evaluate student
learning and to identify errors in students’ waatkd thus improve their instruction based on the
evaluations they do while teaching (Hiebert et2007; Morris & Hiebert, 2009). Providing
opportunities for PSTs to analyze and reflect otheraatical ideas and student learning
improves their knowledge for teaching. Furtheal$io shows that such opportunities can be used
to influence the beliefs that future teachers btmtheir teacher preparation programs.

The use of mathematics standards and standardsitmaseculum

In planning mathematics instruction, the PSTs khba familiar with the tasks and
standards needed for conceptual understandinginffiementation of standards-based
curriculum that follows the reform movement in n&tiatics is new and unfamiliar to beginning
teachers. Studies show that practicing teachers tiaallenges implementing these curriculum
materials (Remillard, 2005). Therefore, professia®velopment that focuses on curriculum is
important in helping teachers know how to use aehourriculum that is effective for learning
(Hill et al., 2008; Putnam et al., 1992). Pre-seg\teachers should also have some experience in
using these curricula and be familiar with the deds-based curriculum that is novel to many
teachers, if teacher educators expect to improwb@iknowledge and beliefs that pre-service
teachers come with to their teacher preparatiogrpro.

Introducing PSTs to standards-based curricula, witlth many of them are not familiar,
can expand their knowledge and beliefs about tegcnd learning. The use of standards-based
curriculum, in teaching content and pedagogy cauirsevhich PSTs worked collaboratively on
open-ended tasks, was found to reveal PSTs’ kn@gldeéficiencies, to build on these

knowledge deficiencies, and to challenge theirdiglabout mathematics learning (e.g. Lloyd,
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2006; Ma, 1999; Tarr & Papick, 2004). In particuléwe use of the standards-based curriculum
tasks revealed the deficiencies in knowledge tleesprvice teachers had (Tarr & Papick, 2004),
built on their knowledge for teaching mathematars] helped them appreciate the investigations
and discussions that the standards-based mateffiatded (LIoyd, 2006). These studies show
that when pre-service teachers have experienceshatstandards-based curriculum when
learning to teach, their knowledge gaps in mathmsate foregrounded. Further, the
investigative nature of the questions in stand&aised curricula provides rich experiences that
might influence their beliefs about learning matla¢ios. These studies, however, are just single
cases studied by instructors in their own courses.

Creating meaningful learning experiences for alidgints

In preparing teachers to develop knowledge foriegcmathematics, the selection of
tasks to be solved in class is central when planpfoninstruction. High-level cognitively-
demanding tasks have been documented to be usefatommodating diverse learning needs in
the classroom (e.g.,Kabiri & Smith, 2003; Robe@02; Wilkins, Wilkins, & Oliver, 2006).
Cognitively demanding tasks allow students to eegagneaningful learning that focuses on the
central mathematical concepts and the use of gnowledge (Polly & Orrill, 2012; Smith &
Stein, 1998). Therefore, for pre-service teacheisibw the richness of such tasks, they need to
have opportunities that allow them to analyzejgu#, and solve these tasks during their teacher
preparation. The process of the analysis of taléw® PSTs to learn to develop, modify, and
select tasks that are meaningful for their studesatsous understandings, experiences, and
needs.

If PSTs are introduced to rich mathematical tatkesy have opportunities to re-think

their beliefs about teaching and learning mathessatnd to develop strategies of teaching that
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show a shift to thinking in more abstract term$o\ifers & Rubenstein, 2006; Steele, 2008).
Other meaningful learning experiences that have bgeoduced to PSTs for use in K-12
classrooms that show positive teaching competemcegeanalyzing, selecting, and learning to
sequence models, manipulatives, and applets fohiteaga mathematics (Hjalmarson & Suh,
2008), which are important in planning of a math#osdesson for conceptual understanding.
These studies reveal potentially important OTL lenpnathematics instruction that deserves
investigation with a larger population to examihthe effects of these approaches to learning to
teach are generally effective. Findings currentlyhie literature are based on instructors’ reports
on what they did in individual courses. Most of Htedies were analyzed using an insider’s
perspective, which then allows room for questidmsud the circumstances under which the data
was collected and the teacher/researcher and stredationships (Grossman, 2005). There is a
need to examine further these findings, using thetcan allow analyses from an outsider’'s
perspective.

Opportunities to learn mathematics instruction f@onceptual understanding

In teaching using the methods recommended by refieachers have to negotiate,
transform, and adapt their content knowledge soitligs the reform methods of instruction.
Teachers should involve their students in probleimiisg, encourage students to use multiple
strategies to solve tasks, encourage reasoningrand, and use appropriate representations to
communicate their ideas (NCTM, 2000). The ConfeeeBoard of Mathematics Sciences (2000)
pointed out that teachers should believe that madlies is not rules and procedures, but is
instead about ideas that make sense. To preparetB®E€ able to teach effectively in the

methods of reform, opportunities to learn classragstruction that is specific to learning
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mathematics for conceptual understanding is of stnmportance during their teacher
preparation.

Some approaches that have been used by individstalictors have emphasized ways
that PSTs can identify and teach for conceptuaktstdnding, as well as reason mathematically.
Providing opportunities to develop skills for prdiig explanations (Charalambous, Hill, & Ball,
2011), providing opportunities to learn to diffetiate procedural and conceptual knowledge in
students’ work (Bartell et al., 2012), and usingra@aches that emphasize the affordances of
multiple representations and multiple strategiesalwe problems (e.g., Crespo, 2000; Grant &
Lo, 2009; Ryken, 2009). Some of the competenciatttie PSTs developed from these studies
were recognizing conceptual understanding fromesited responses, perceiving teaching and
learning mathematics as focused on reasoning abatltematics (Bartell et al., 2012),
appreciating the influence of the problem contexstudents’ reasoning (Grant & Lo, 2009),
providing mathematics explanations (Charalambowas.£2011), focusing on student thinking,
and critically analyzing different representatigRyken, 2009). At the beginning of the courses,
PSTs focused more on right and wrong and had sbaded perception of mathematics. At the
end of the courses, the PSTs were more criticahalyzing their students’ responses with a
focus that reflected some of the recommendalfanade by the Conference Board of
Mathematical Sciences.

As is the case in other studies of promising pedagbapproaches used in preparing
teachers to teach mathematics, the studies showrahe small-scale interventions that are

based in the United States. Grossman (2005) poouethat small- scale teacher education

° The recommendations from the CBMS include (i) piawg opportunities for PSTs to learn to appreciate
understand alternative strategies that students/hiea solving problems, (ii) developing flexibledwledge that is
important for teaching and understanding studehisking, (iii) using various modes of represertas (iv)
working with manipulatives that help to create imag@nd better understanding of mathematics (CBORIQR

39



studies do not have a standard way of assessiageieaompetencies. Further, there is scant
literature on large-scale studies of the promisipgroaches mentioned. Adler and colleagues
(2005), in their review of mathematics teacher etioa, also found that there was a lack of
large-scale studies on teacher education. Larde-stiadies in which these approaches are
examined using a similar analytical tool can prevenpirical evidence that shows if these OTL
and their relationships to PSTs’ knowledge andefeltan be generalized to a wider population.

2.1.5. Cross-National Studies on the Relationshifetween OTL in Teacher

Education and PSTs’ Competencies

Cross-national studies on teacher preparation thenaatics suggest that there may be
significant relationships between opportunitiesetarn to teach mathematics and PSTs’
competencies at the end of their teacher preparatio

Findings from MT21

Schmidt and colleagues (2011) found that the @atips between OTL and middle
school PSTs’ knowledge for teaching mathematicewegnificant in the MT21 teacher
education study. In particular, OTL calculus andaatted mathematics were significantly
related to the PSTs’ scores on algebra, functiomsiber geometry, and data, within and
between institutions (Schmidt, Blémeke, et al., 201n other words, OTL higher-level
mathematics was related to PSTs content knowletde &nd of their teacher preparation for
this sample.

Schmidt also reported that PSTs’ MPCK was relade@TL higher-level mathematics

and practical teaching experiences. The categofiBHi°?CK examined were curricular

1 Advanced mathematics topics included topics inltivariate calculus, analysis, differential equasptopology,
and differential geometry (Schmidt, Blémeke, et 2011) .
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knowledgé?, knowledge for teachirtg) and knowledge of studefitsThe findings in the MT21
study found that, for this sample, programs in \Wwtilee PSTs had more opportunities to learn
the history of mathematics had higher curriculanwledge. In addition, the study found a
significant relationship between the number of pcat experiences and PSTs’ knowledge for
teaching and knowledge of students across prograomgher, OTL mathematics pedagogy, how
students learn, and methods of solving probleme wignificantly related to PSTs’ knowledge
of student learning across programs. Finally, paotg in which PSTs had OTL instructional
interactions showed significant relationships witair knowledge for teaching mathematics
(Schmidt et al., 2011).

Schmidt and colleagues (2011) examined PSTs’ Iseineft were closely associated with
the nature of mathematicsnamely those on the nature of mathematics arsktttmt emphasize
the objective¥ needed for teaching. The study found that thefseeliefs about the nature of
mathematics referred to as the algorithmic scake significantly related to PSTs’ knowledge of
middle school mathematics and the belief of thelé of the teacher as a knowledge provider”
(p.246). Further, Schmidt and colleagues foundifferences on the beliefs about the
objectives that should be emphasized in the class®ess the participating countries The types
of learning experiences, examples which includédiy algorithms and proofs are taught, (ii)

exploring student thinking, (iii) principles of ntegmatics instruction, and (iv) a deeper

12 Curricula knowledge is the knowledge of the infatrourriculum, and the reasons why the topics a@nged in
a certain order (Schmidt, Bldmeke, et al., 201hulfan (1986; 1987) described the curricula knogéeds
knowledge of the vertical and the lateral currical(see more on Curricula knowledge)

13 Knowledge for teaching are the instructional iatgions that takes place during the process ohteg¢Schmidt,
Blomeke, et al., 2011).

% The knowledge of students includes how the stisdeairn, common errors they make and the miscoiorept
they have (Schmidt, Blomeke, et al., 2011).

!> The beliefs scales focus on the nature of mattiesian particular,(i) mathematics is useful anij (nathematics
is algorithmic , made of many definitions, procezijrules, and strategies(Schmidt, Blomeke, e2@11).

1% The beliefs on the objectives include (i) the depment of students reasoning and problem solvirty(d) have
students learn the algorithms, rules etc. (Schetidt., 2011, p.241)
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understanding of school level mathematics, howeshewed significant relationships with the
PSTs’ beliefs (Schmidt, Blomeke, et al., 2011).18ch and colleagues (2011) concluded that
these findings point to experiences that teachecadrs should emphasize when teaching pre-
service teachers.

Findings from TEDS-M

Scholars have used the TEDS-M survey to explore @1d.PSTs’ knowledge and
beliefs for teaching and learning mathematics accosintries and within countries. Blémeke
and Kaiser (2012), for example, found that PSTs tdmb experienced a functional curriculum in
mathematics pedagogy, which is a class with a tmafocus on mathematics instruction”, had
higher PCK scores when compared to PSTs who exyedea broader curriculum (p. 313).
Further, PSTs’ content knowledge and pedagogiaaiec knowledge were found to be
significantly related to the number of mathematested topics taken (Schmidt, Cogan, &
Houang, 2011). Wong, Boey, Lim-Teo, and Dindyall20found similar results when they
examined OTL measures in relation to the conteot@dge and pedagogical content
knowledge in the single teacher education instituin Singapore. They considered the number
of tertiary mathematics topics and the number aheraatics pedagogy that the PSTs reported
having studied as the OTL measure (Wong et al.2R@urther, Blomeke and Delaney (2012),
in their study analyzing teacher knowledge acrassties, found that Taiwanese and
Singaporean PSTs performed “relatively better wefpect to mathematical language, including
representing mathematical entities and handlindiematics symbols or formalisms, than with
respect to modeling and reasoning” (p.236). They etported that the ranking of countries’

performances in the TEDS-M knowledge scores wag siemilar to the TIMSS scores, and
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found that gender differences, language effectsr gnowledge, and motivation are associated
with PSTs’ professional knowledge scores in setectauntries (Blomeke & Delaney, 2012).

Most of the cross-national studies on teacher dduchave found relationships between
OTL different topics and the time spent in teagbreparation and teachers knowledge. Missing
from the cross-national studies is the nature efgtdagogical approaches used in the
mathematics or the mathematics methods coursésdionng to teach mathematics. In addition,
most of the cross-national studies do not disdusgxtent to which the pre-service teachers are
introduced to reform methods of instruction. Wong &olleagues (2012) used the OTL
variables for mathematics pedagogy in their exatiinaof direct and indirect instruction in
teacher education. Their results on the relatigpgsshetween these OTL measures and PSTs’
knowledge for teaching are not clear, because ahgyprovided results of the Pearson
correlation coefficient with the OTL mathematicsthuals, which is not specific to the
pedagogical practices experienced in teacher pagpar The cross-national study completed
here examines the relationships between the pedaj@gactices used in teacher preparation
and the extent of PSTs’ experiences with reformhiods of discussion, and their knowledge and
beliefs about teaching and learning mathematics.stiady also builds on the previous studies
that have examined promising approaches in teaureparation, by using one approach to
examine these pedagogical approaches in a largéextpand by using an outsiders’
perspective. By so doing, the study will be abledmpare the extent of the opportunities to
learn across the countries that participated infTBBS-M study. This study examines the
frequency of the activities and experiences thesR@ported as OTL to teach mathematics,
unlike the previous studies that examined the nurab®pics and curriculum offered as

measures of OTL.
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2.2. Conceptual Framework and Questions Guiding th&tudy

Based on the cited literature, | hypothesize thetd is a relationship between the extent
to which different pedagogical approaches are uséshcher preparation and i) content
knowledge, (ii) pedagogical content knowledge, @idbeliefs about learning mathematics. The
pedagogical approaches considered in this studgextagogical practices experienced in
mathematics and mathematics methods courses, appoto learning the planning of
mathematics instruction for conceptual understagjycand approaches to learning mathematics
instruction for conceptual understanding.

Specifically, | hypothesize that variation in thissts of teacher preparation practices will
predict differences in three sets of outcome messurhe three sets of teacher preparation
practices are listed in the left-hand boxes of Fegu pedagogical practices in content and
methods courses, OTL pdan mathematics instruction for conceptual understagndand OTL
mathematics instruction for conceptual understajdiBach of these three sets of teacher
preparation practices has several components, drawnthe literature reviewed in this chapter.

The three types of outcome measures, also drawmtfis literature review are
mathematics content knowledge, mathematics pedegjogpntent knowledge, and beliefs about
the nature of learning mathematics. These aresepted in the right hand boxes of Figure 1.

Based on the literature, | hypothesize that tiaelidoe a positive relationship between
most of the teacher preparation practices in thidbnd boxes and the outcomes in the right
hand boxes. The exceptions to this general patieritems in each column that are associated
with non-reform oriented practices (for teacherparation practices) and for non-inquiry
oriented beliefs (for outcome measures). For ta@sassociation in the opposite direction is

expected.
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In particular, the following indicates how the taéure supports these expected
associations. The practices that model reform nastiod instruction included pedagogical
practices that allow for PSTs to communicate tlikas, assess their peers responses, and
discuss their thoughts by asking questions, whialescoom discussions, and small group
discussions (e.g., Lloyd, 2006; Ma, 1999). Thestagegical practices were associated with
PSTs’ appreciating that learning was different fraimat they were used to and a deeper
knowledge for teaching mathematics (e.g., Coff®@4& Tarr & Pappick, 2004). This
relationship is represented in Figure 1 with arrénesn models of reform-oriented instruction to
MCK, MPCK and inquiry beliefs. The relationship Wween non-reform oriented pedagogical
practices and the unintended outcomes (e.g., Easeahal., 1993) are represented in Figure 1
with arrows from the pedagogical practices to tire¢ teacher competencies. The analysis of
teaching and learning using audio, video, casdestutisson plans, supported PSTs to focus
more on student thinking, shifted thinking to mpreblem solving practices, and deeper
understanding of mathematics (e.g., Henningserg;ZDaylor &O’Donnell, 2004) and is
represented on Figure 1 using an arrow from thagegical practices to the PSTs’
competencies which were identified as MCK, MPCK aetlefs about teaching and learning.

Learning how to plan mathematics for conceptuakusténding through analysis of
learning goals (Hiebert et al., 2007; Morris & Heet) 2009), using standards-based curriculum
(e.g., Putnam et al., 1992), creating meaningfnmg experiences such as selection
development of tasks, selection of models (e.@wEls & Rubinstein, 2006) was related to
PSTs competencies allowed PSTs to think more attistiend rethinking their beliefs about
teaching and learning mathematics. These relatipsshat define the relationships of learning

how to plan mathematics instruction and the knogdeand beliefs about teaching and learning
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mathematics shown were represented on Figure lamitiws representing these relationships
with the PSTs competencies.

Learning mathematics instruction for conceptualarathnding through developing skills
to provide explanations or learning to explain vgngcedures work (e.g., Charalambous et al.,
2011), differentiating procedural and conceptuavdedge in students’ work, and the
affordances of the introduction to multiple reprgséions (e.g., Crespo, 2000; Ryken, 2009),
were related to PSTs being able to recognize canakpnderstanding on students’ responses,
developing their reasoning in mathematics tasksyiged them opportunities to analyze multiple
representations, which all showed more thinkingudlpooblem solving strategies and expansion
of their knowledge. These relationships are reprteskeusing arrows from the interventions to
the PSTs’ competencies identified as MCK, MPCK, baliefs about teaching and learning
mathematics. A diagrammatic representation reflgdine research questions and the design of

the research is shown in Figure 1.
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PEDAGOGICAL PRACTICES IN CONTENT
AND METHODS COURSES

CONTENT KNOWLEDGE

* Experiencing models of non-reform oriented
practices

* Experiencing models of reform-oriented

¢ Introductions to the development and analysis
of teaching and learning

OTL HOW TO PLAN MATHEMATICS
INSTRUCTION FOR CONCEPTUAL PEDAGOGICAL

UNDERSTANDING CONTENT KNOWLEDGE
¢ Learning the analysis of learning goals

* Experiencing introduction to Standards-based
curriculum

* Learning what constitutes meaningful learning
experiences

BELIEFS ABOUT THE
NATURE OF LEARNING
OTL MATHEMATICS INSTRUCTION FOR MATHEMATICS

CONCEPTUAL UNDERSTANDING

* Inquiry-oriented beliefs
* Explore multiple solution strategies with * Non-inquiry oriented

students beliefs

* How to show why procedures work
* Make distinctions between procedural and

conceptual knowledge when teaching

Figure 1.A conceptual framework showing the hypothesizedti@hships between tt
opportunities to learn to teach mathematics anatiteome variable

The questions guiding the study i
1. What are the differences PSTs’ content knowledge, pedagogical conteniedge,
and nature of beliefs about learning mathematiossacdhe 17 countries that participa
in the TEDS-M survey?
2. What are the differences in the 17 countries inetLith the TED-M database in th
extent of the opportunities to learn to teach tigio(i) experiencing different pedagogi
practices in mathematics education or teacher ¢idnceourses; (ii) introducin

approaches to learning how to plan mathematicsuictsbn for conceptue

47



understanding; and (iii) introducing mathematicgtriaction for conceptual
understanding?

3. What is the relationship between OTL to teach tghoexperiencing different
pedagogical practices in PSTs’ mathematics educatideacher education courses and
their (i) content knowledge, (ii) pedagogical caritknowledge, and (iii) beliefs about
the nature of learning mathematics:

e Within and between teacher education institutionBaland?
e Within and between teacher education institutionRussia?
e Within and between teacher education institutionthe United States?

4. What is the relationship between OTL to teach tghodifferent approaches to learning
how to plan mathematics instruction for concepturalerstanding and PSTs’ (i) content
knowledge, (ii) pedagogical content knowledge, afiid) beliefs about the nature of
learning mathematics:

e Within and between teacher education institutionBoland?
e Within and between teacher education institutionRussia?
e Within and between teacher education institutionthe United States?

5. What is the relationship between the OTL to tedcbugh the introduction to learning
mathematics instruction for conceptual understamdimd PSTs’ (i) content knowledge,
(i) pedagogical content knowledge, and (iii) bidiabout the nature of learning
mathematics:

e Within and between teacher education institutionBoland?
e Within and between teacher education institutionRussia?

¢ Within and between teacher education institutionghe United States?
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CHAPTER 3
DATA AND METHODS
3.1. Description of the Data

3.1.1 Sample design

The study used data from the Teacher Educatiorbavdlopment Study in Mathematics
(TEDS-M) international survey. This survey was aactéd by the national research centers in
each of the participating countries with, suppastif the International Association for the
Evaluation of Educational Achievement (IEA). TheO%&M survey, which was conducted in
2008, had the following research goals (Tatto e28108):

1. To examine the level and depth of mathematics cokigowledge and the related
knowledge for teaching that future elementary awekl secondary teachers attained, and
how these variables varied across the countrigddb& part in this survey.

2. To examine how teacher education programs variegsacountries regarding (i) the
learning opportunities available, (ii) the struetsiavailable, (iii) the content taught, and
(iv) the organization of the programs.

3. To examine the variation across countries on rgoent, curriculum, quality assurance,
and funding for teacher education.

The TEDS-M study was designed to examine the ieleronships among the
characteristics of teacher education programsrdutacher characteristics, the characteristics of
teacher educators, and future teachers’ knowledddaliefs.

Samples of future primary teachers, future secont@chers, and their teacher

educators were obtained from each of the severmantries’ that participated in the TEDS-M

Y The countries that participated in the TEDS-M synwere “Botswana, Canada (four provinces), Chilein€se
Taipei, Georgia, Germany, Malaysia, Norway, Omamwér secondary teacher education only), the Pliilgs
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survey. The sampling design used in the TEDS-Mespprovided nationally representati¥/e
samples of the pre-service teachers in each gfahecipating countries. Sources of data used in
the TEDS-M survey included individual case studyorgs, questionnaires, and interviews to
examine polices that govern the preparation of @rjnand secondary teachers. To examine the
opportunities to learn to teach mathematics, tieesgrvice teachers were surveyed using
guestions about their experiences on the frequehdifferent pedagogical practices,
opportunities to learn to plan mathematics instamcand mathematics instruction, their beliefs
about mathematics, and their beliefs about teadlmblearning mathematics. The teacher
educators were also surveyed using similar quesabout the opportunities they provide to
their pre-service teachers. Finally, the pre-sertachers’ knowledge for teaching mathematics
was assessed just before they graduated fromtéd@@her preparation programs (Tatto, 2013).
A stratified multistage probability sampling desigas used to conduct surveys of PSTs,
teacher educators, and institutions preparing 8iEsP The participating countries were asked to
provide a sampling frame of all the routdsr teacher preparation, and to highlight the majo
routes, which then provided the target populatibattp, 2013). The target population was all the
PSTs in the routes identified in the sampling framm® were in their final year of their teacher
preparation. The PSTs were sampled after consglénantotal number of institutions, the size of

the institutions, and the sampling method fromtrget populations, using a two-stage

Poland, the Russian Federation, Singapore, Spamdypy teacher education only), Switzerland (Gerrsp@aking
cantons only), Thailand, and the United Statesl{putstitutions, concurrent and consecutive teaatkication
program routes only)”(Tatto, 2013, p. 13).

'8 pre-service teachers were sampled from all rahidead to teacher certification in the cousttieat
participated in the survey. They were identified aountry reports prepared and data produced Hoated for
comparison of the institutions across the coun{fiedto, 2013). The target population was any séaonor post-
secondary institution that offered a structuredhea preparation program that included mathemagizged units in
their curriculum (Tatto et al., 2009). Random pés were drawn to ensure that the PSTs selegiedsented the
population of PSTs in the teacher education instits in the country.

¥ Route is a “sequence of opportunities to learne.prescribed pathway through which the teacheragituc
programs are made available in a given countryt¢Tettal., 2009, p.23)
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sampling design. The institutions were classifigdd' subgroups defined by the level, route and
program combinations” (p.86), called teacher pratpan units (TPU) (Tatto, 2013). Systematic
random sampling using expli€iand implicit* stratification was used to select the institutions
Probability proportional to size (PPS) samplingta institutions was used if the size of the
institutions was available, and in cases of srmaliiutions or those without the institutional size
available, the institutions were sampled with equababilities. The sampling of the institutions
was the first stage of sampling (Tatto, 2013).

The second stage of sampling was of the PSTs anig#cher educators within the
institutions. Whole-sessions grodpsf PSTs and individual teachers were selected ffan
institutions. Whole-sessions were sampled for aagdional purposes and it was “desirable and
convenient “ for the sampling teams to use this@ang in large institutions instead of sampling
individual PSTs (p. 90). Since the selection of {ekgession groups is less efficient because of
clustering effects, the teams in charge of thectiele process either increased the sample sizes
or assigned PSTs to the session groups, whichtiwenerandomly selected. Examples of
countries that sampled whole-session groups arm&sr and Russia (Tatto, 2013). For the
selection of individual PSTs, the team conductedioan sampling or surveyed all the PSTs if
the institution’s teacher preparation unit (TPUYl ess than 30 PSTs (Tatto, 2013). Examples of

countries that sampled individual PSTs are Singapod Botswana.

*° Explicit stratification “involves separating thedation into strata and then drawing a separatekafrom each
one”(Tatto, 2013, p.88)

L Implicit stratification involves” ordering the saiing frame before sampling according to specifitratification
categories so as to ensure an approximately piopaftallocation of the entire sample” (Tatto, 20h388).

22 When whole groups were sometimes selected insteiadividual PSTs in some large institutions (erg
Chinese Taipei and Russia), they were referred tsession groups”.
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3.1.2 Weights and Participation Rates

The PSTs in the different countries were sampl@sudifferent sampling designs, all of
which allowed for accurate estimation of resporiseshe country as a whole. Analyses were
done in light of these differences in the samptliegigns to achieve unbiased estimates of the
population in each country (Winship & Radbill, 199weights “reflect and compensate the
different selection probabilities and the differanh-response patterns at the various sampling
stages” (Brese & Tatto, 2012, p.33). The weights/jpled with the TEDS-M data were
calculated using information from the sampling desand the non-response of institutions, pre-
service teachers, and teacher educators. As iediearlier, the sampling design was a two stage
process, in which the institutions were first samgphnd then the pre-service teachers and teacher
educators. The final institution weight, INSWGT,saealculated as a product of the institution
base weight (WGTFAC) and institution non-response factor atipent* (WGTADJ). The
final primary teacher weight, FINWGTP, was calcethas a product of final institution weight
(INSWGTP), session group weighfWGTFAGC,P), PSTs’ base weigh{ WGTFAGP, the PSTs
non-response adjustment factgiVGTADJP), and future teacher level weifHtWGTFAC,P)

(Tatto, 2013).

% The institution base weight was given as 1 ifgampling was a census of the institutions. Howefeer,
systematic random sampling of equal probabilitpraibability proportional to size it was calculatfor each
institution...and each explicit stratum” (Tatto, 20H3132).

24 For each stratum a non-response adjustment faet®calculated to compensate for the non-particigat
institutions that had been sampled (Tatto, 2013).

% Some of the teacher preparation units had segsimmps that had to be accounted in the weight tation.
However, if the PSTs were selected from a listloP&Ts in the institution, then the session graugight was set to
1 (Tatto, 2013).

% |n institutions where session groups were not samyphe individual PSTs were sampled through sesyatic
random sampling with equal probability. Howeveriristitutions with session groups, the base weigid set at 1
(Tatto, 2013).

" The adjustment factor was included to compensatadn-participating PSTs who were already samfledito,
2013).
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The participation rates for the target populati@aswet at a minimum value (85%) to
ensure that there were no biases due to non-resifdato, 2013).

Seventeen countries participated in the Teachec&iaun and Development of
Mathematics (TEDS-M) survey. The PSTs used inghigy were sampled from consecutive and
concurrent program structures. In the consecutiggrams the PSTs take an undergraduate
course in other disciplines together with the tea@ducation courses, while in concurrent
programs the PSTs take courses in teacher eduedt@rtheir undergraduate education in a
subject-matter area. A description showing the remolb institutions and individual pre-service
elementary teachers that participated in the sttidymmarized in Table 1.

Table 1:Number of Institutions and Elementary Pre-servieachers Participating in the TEDS-
M Study

Country Number of Nur_nbgr of Program Structures %
PSTs Institutions Female

Botswana 86 4 concurrent 59.3
Chile 657 31 concurrent 84.9
Chinese Taipei 923 11 concurrent 72.3
Georgia 506 9 concurrent 99.2
Germany* 1032 1 concurrent , consecutive  91.6
Malaysia 576 23 concurrent, consecutive  62.3
Philippines 592 33 concurrent , consecutive  78.5
Poland 2112 78 concurrent 94.8
Russia 2266 49 concurrent 92.2
Singapore 380 1 concurrent, consecutive  74.2
Spain 1093 45 concurrent 79.9
Switzerland 936 14 concurrent 85

Thailand 660 45 concurrent, consecutive  74.8
United States 1501 51 concurrent, consecutive  88.6
Norway (ALU) 392 12 concurrent 75.5
Norway (ALU+) 159 14 concurrent 67.3

Note: Canada is not shown in the summary becaudid itot reach the required participation rate &gt
IEA*Germany had more than one institution partidipg in the study but the institutions were de-tifead in the
international TEDS-M data base. That is, the iniitn ID provided in the data is the same for ak tinstitutions in
Germany.

% The future teacher level weight is set at 1 if®&Ts were preparing to teach for primary leveyoHowever, if
the PSTs were prepared to teach at the primargeoehdary level, then they were randomly assigneh¢ of the
two surveys and adjustments made for this samplingess (Tatto, 2013).
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Table 1 shows that Poland, Russia, and the Uniia#shad the highest number of
institutions that participated in the TEDS-M survEgmales are the majority of the elementary
PSTs surveyed in all of the countries. The maleasgntation of PSTs preparing to teach
elementary school mathematics is highest in Botaveard Malaysia. Additionally, all the
participating countries have concurrent teachepamagion programs, with a few countries also
having consecutive teacher preparation programs.skady examined teachers from the
concurrent and consecutive elementary teacher @épa programs.

Primary (elementary) PSTs differ in the grade Is\a#leducation that they are prepared
to teach. In the countries surveyed in the TEDSHMI the future teacher primary groups were
lower primary generalists (grade 4 maximum), prigmgeneralists (grade 6 maximum),
primary/lower secondary generalists (grade 10 marijrand primary mathematics specialists.
TEDS-M categorized these specializationgragle spansAcross the countries, the PSTs are
distributed as shown on Table 2.

Table 2 shows that PSTs who are prepared to wracles 1 to grade 4 were mostly from
the European countries, except Spain and Norwag .EEst Asian countries and the United
States prepare their elementary teachers to teadeg1 to grade 6. Thailand and Malaysia
prepare their elementary teachers as mathematcsasipts only. Poland, Singapore, and the
United States, however, prepare teachers for spegéde levels and also have programs that

prepare mathematics specialists.
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Table 2:Number of PSTs Sampled according to their TeacBiragle Level Specialization
(Grade Spap

Country Grades 1- 4 Grades 1- 6 Grades 1-10 Specialists

Botswana 86

Chile 654

Chinese Taipei 923

Georgia 506

Germany 907 97
Malaysia 574
Philippines 594

Poland 1812 - - 300
Russia 2260 - -
Singapore 262 117
Spain 1093

Switzerland 936

Thailand 660
United States - 1310 - 191
Norway (ALU) 392

Norway (ALU+) 159

3.1.3. Units of Analysis

This study examined the relationships between gp@unities to learn to teach
elementary school mathematics and the knowledgdalnefs about teaching and learning
mathematics of the PSTs within and between ingtitgtwithin the participating countries. The
design of the study therefore examined these oglships at the PSTs’ level and the institutional
level. For this reason, there were two levels lher inits of analysis, the pre-service teacher level
and the institution level. The PSTs were clustevetin the institutions, and thus the PSTs were
the level 1 unit of analysis, and the institutioveye the level 2 unit of analysis.
3.2. Dependent Variables: Learning Outcomes

The learning outcomes considered in this study \eosvledge for teaching

mathematics and beliefs about learning mathemaitos knowledge for teaching mathematics
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included content knowledge and pedagogical coienitvledge. The beliefs about learning
mathematics were inquiry beliefs and non-inquirldie.

3.2.1. Content Knowledge

The PSTs’ depth and level of their mathematicsamrknowledge was measured using a
content knowledge achievement test (Tatto, eR8l2). Content knowledge domain of teacher
knowledge was informed by Shulman’s (1986; 198 teot knowledge dimension that includes
the substantive and syntactic structures of mathiesad he content knowledge domains were
selected from the content subdomains of “numberomedation¥, geometry and
measuremefft algebra and functiofls and data and chan¢e(p. 32), and they spanned the
cognitive subdomains of knowiftg applying®, and reasonirig This achievement test had
guestions that ranged from curricular-levels catiegd as "novice, intermediate, and advanced”
(Tatto, 2013, p.32). Novice mathematics is scheetl mathematics of the PSTs’ specialization,

while the intermediate level is content that is onéwo grades levels above the PSTs’

** Numbers and operations include the content aredmte numbers, fractions and decimals, number seate
patterns and relationships, integers, ratios, ptapts and percentages, irrational numbers, andoeutheory”
(Tatto, 2013p.33).

% Geometry and measurement include the content &geametric shapes, geometric measurements, aatidac
and movement(Tatto, 2013, p.33).

31 Algebra and functions include the content aredpatterns, algebraic expressions, equations/faamahd
functions” (Tatto, 2013, p.33).

%2 pata and chance include the content areas ofodgémization and representation, data reading rtedpiretation,
and chance"Tatto, 2013, p.33).

% The cognitive subdomain of knowing includes beahde to (i) “recall definitions, terminology, noi@,
mathematical conventions, number properties, gedeaioperties”; (i) “recognize entities that ar@athematically
equivalent”; (iii) compute or “carry out algorithmprocedures”; and (iv) “retrieve information fragraphs, tables,
or other sources” (Garden et al., 2006, p.19).

34 The cognitive subdomain of applying includes beibte to (i) “select an efficient / appropriate hed of
strategy for solving a problem; (ii)"generate afigive equivalent representations for a given nmatiial entity,
relationship, or set of information”; (iii) geneeadn appropriate model such as an equation orattafpr solving a
routine problem; and (iv) solving routine problérGarden et al., 2006, p.20)

* The reasoning domain includes being able to analygieen problem and “select the mathematical facts
necessary to solve a particular problem...make vafierences from given information;(ii) generalize‘@state
results in more general and widely applicable terms”; aflgynthesize or "make connections between défer
elements of knowledge and related representatioasd. related mathematical ideas” (Garden et al.62022).
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specialization. The advanced level content is tbramore grade levels higher than the PSTs’
specialization (Tatto, 2013). These subdomains wedopted from the Trends in International
Mathematics and Science Study (TIMSS) in 2007.

3.2.2. Mathematics Pedagogical Content Knowledge

The PSTs’ pedagogical content knowledge was measisiag an achievement test that
spanned three main subdomains. These subdomaiasnadrematics curricular knowledge,
knowledge for planning mathematics teaching andieg, andknowledge foenacting
mathematics for teaching and learni(ifatto et al., 2012)Mathematics curricular knowledge
includes knowing the (i) mathematics curriculun), ey ideas in the learning programs,” (iii)
“connections within the curriculum,” (iv) differeassessment formats, and (v) “appropriate
learning goals” (Tatto, 2013, p.35). Tkeowledge for planning mathematics teaching and
learning comprises (i) the “planning or selection” of adies, (ii) “choosing assessment
formats,” (iii) a repertoire of students’ responsassconceptions, and ideas, (iv) planning
teaching methods for representing mathematicakid@g linking the “methods and
instructional designs,” (v) identifying multiple lstion strategies, and (vi) “planning
mathematics lessons” (Tatto et al., 2012, p. 13ito] 2013, p. 35Enacting mathematics
covers (i) understanding the multiple solutionteigges used by students, (ii) analyzing the
guestions students pose, (iii) recognizing resppstelents make and their common
misconceptions, (iv) “explaining or representingtineanatical concepts and procedures,” (V)
posing questions, (vi) “responding to unexpectetheraatical issues,” and (vii) providing
feedback (Tatto et al., 2012, p. 131; Tatto, 2@L35). These mathematics pedagogical content
knowledge domains were developed from previousiesuaf teacher competency. Examples

include Shulman’s PCK domain, Ball and colleag&&98) dimensions of PCK, MT21 pilot
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study, the COACTIV German study, as well as the Learning Mathem#ticEeaching study
(Tatto, 2013).

3.2.3. Beliefs about Learning Mathematics

The pre-service teachers were asked to respongestigns about their beliefs about
learning mathematics. Table 3 gives a summaryeftrestions related to inquiry and non-
inquiry beliefs to which the PSTs responded, asgmized by the TEDS-M team. The response
options were given on an ordinal scale of “strgrdjsagree, disagree, slightly disagree, slightly
agree, and strongly agree.” These responses wagmnad numerical values from one through
six, respectively. A composite variable consistifigll the responses that were inquiry beliefs or
active learning was used as the outcome variahtpifry beliefs about learning mathematics.”
Likewise, a composite of the non-inquiry or teaetiieected beliefs was used as the outcome
variable “non-inquiry beliefs about learning mattagivs.” These belief dichotomies were
informed by Ernest’s (1989a) dichotomy of the viea®ut the process of learning mathematics.
The belief outcomes from the studies cited incladift in the PSTs beliefs about learning, an
appreciation that learning mathematics is diffefemh what they were used to, views about
learning focused more on developing conceptual kedge (e.g., Carpenter et al., 1989; Lloyd,
2006). These beliefs can only be adaptable to @drnlge programs help their PSTs to develop
a desirable belief structure that is adaptabldhtmge (Cooney et al., 1998). The correspondence
between questions asked in the TEDS-M instrumetho@fiefs described in the literature are

shown in Table 3.

** The German COACTIV study examined teacher compeatsmeeded for effective mathematics instructidre T
study’s goals were to investigate ways in whiclthes competencies can be identified using empigealence,
how the teachers’ competencies are related torolassinstruction and student learning outcomes,raadons why
teachers’ competencies differ (https://www.mpiblipempg.de/coactiv/en/studyy/).
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Table 3:Beliefs about Learning Mathematics

Main Variables

Variables

Description

Beliefs about

Inquiry beliefs /

Pre-service teachers were asked whether they agfteéhese

learning Active learning statements, representing inquiry beliefs: (i) idididn to
mathematics (MFDO002G, getting a right answer in mathematics, it is impottto
MFDOO2H, understand why the answer is correct; (ii) teachbosild
MFDOO02K, encourage students to figure their own ways toesolv
MFDOO2L, mathematics problems even if the solutions ardiaiefit;
MFDO002M, (i) the time spent on investigating why a solutim a
MFDOO2N) mathematics problem works is time well spent; fiupils can
figure out how to solve mathematics without teashieelp;
(v) it is helpful for pupils to discuss differentays to solve
problems; and (vi) teachers should allow studenfigtire
out their own ways to solve mathematical problems.
Non-inquiry Pre-service teachers were asked whether they agte¢hese
beliefs/Teacher statements, representing non-inquiry beliefs:e@rhing
directed mathematics involves the memorization of formu(ak;
(MFDOO2A students should be taught exact procedures;t(dipés not
MFDO002B, really matter if you understand the problem, if yaun get the
MFDO002C, answer right; (iv) learning mathematics involvel/sm
MFDO002D, equations quickly; (v) students learn best by alitegnto
MFDOO2E, teachers explanations; (vi) emphasis should bestting the
MFDOO2F, correct answer; (vii) non-standard procedures fiaterwith
MFDO002I) learning correct procedure; and (viii) hands-orcpdures are

not worth the time and expense.

Adapted from the TEDS-M user guide supplement k@

3.3. Independent Variables

3.3.1 Primary Independent Variables

The pre-service teachers responded to questiong Hiwr opportunities to learn to teach
mathematics. These opportunities included what the¥/ in their mathematics learning,
mathematics methods, and teaching courses, thatiastthey engaged in, and what they learned
to do. The PSTs’ rated all these opportunitiegé&osn on an ordinal scale in which they were
required to select from “never, rarely, occasignalid often.” These responses were
numerically assigned numbers from one to four,eespely. The opportunities to learn to teach

were categorized into one of three categoriesh@)pedagogical practices experienc@d

37 PSTs reported what they did which is also refetoegls what they experienced in other parts ofépert because
their responses are rated on the frequency thathihe the given OTL.
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learning how to plan mathematics instruction fonceptual understandin@nd (iii) learning
mathematics instruction for conceptual understagdin

Pedagogical practices
The pedagogical practices selected for this stuehg divided into three categories. These
categories were OTL in which the PSTs experiencedets of reform-oriented practices and
non-reform oriented practices, and the analysisraadings of teaching and learning
mathematic¥.

These variables were selected because they cone$aidy well to those interventions
for learning to teach mathematics in the literatited. The variables “work together in groups
during class” and “participate in whole class d&stan” and “ask questions during class time”,
in which PSTs work collaboratively on assignmemtd have opportunities to assess their peers
responses are pedagogical practices that prioiestsdggest will allow PSTs to get a clearer
understanding of mathematics concepts and teaghaugices (e.g., Bartell et al., 2012; Coffey,
2004; Lloyd, 2006; Ma, 1999; Tarr & Papick, 2004Qther studies indicated that using lecture
presentations and demonstrations during teachpa@ion was associated with PSTs
developing procedural images of learning (e.g. ihaet et al., 1993). The variables from the
TEDS-M database that closely correspond to thesablas are “listen to lectures” and “ teach a
class session using the methods demonstrated lystinector”. The analysis of teaching and
learning through audio analysis of mathematicsoles¢Taylor & O’Donnell, 2004), case study
analysis (Shifter & Bastable, 2008; Silver et 2008; Henningsen, 2008), reading and research
on teaching and learning (Carpenter et al., 19881 Xoest et al., 2010), or any appropriate
situation that provides a supportive environmesedaon set principles and standards of

teaching and learning, have been suggested as eesofsupportive contexts for learning to

¥ The analysis and reading of teaching and learcindd be consistent or inconsistent with reforncfices.
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teach (e.g., Hiebert et al., 2007; Morris & Hieb2@09). In the TEDS-M database the variables

that are closely related to these documented iatgions are “read about research on

mathematics education,” “read about research arhieg and learning,” and “analyze examples

of teaching (film, video, transcript of lesson gtcA summary of the pedagogical practices

variables selected from the TEDS-M database is slfmwTable 4.

Table 4:Pedagogical Practices Experienced in PSTs’ Mathasatlated Courses

Main Variables

Variables

Description

Opportunities to
learn to teach
mathematics

Reform-oriented
pedagogical practices
(MFB005B, MFB0O5C,
MFB0O05G)

Non-reform oriented
pedagogical practices
(MFBOO5A, MFBOO5F)

Analysis and reading
about teaching and
learning (MFBOO5I,
MFB005J, MFBO0O5K
MFBOO5H)

Pre-service teachers reported how frequently they (
ask questions during class time; (ii) participatei
whole class discussion; and (iii) work together in
groups during class.

PSTs reported how frequently they (i) listen tduees
and (ii) teach a class session using the methods
demonstrated by the instructor.

PSTs reported how frequently they (i) read about
research on mathematics education; (ii) read about
research on teaching and learning; and (iii) aralyz
examples of teaching (film, video, transcript cfden
etc.).

Adapted from TEDS-M User Guide supplement 1 page 74

Planning mathematics instruction

The opportunities to learn how to plan mathematisguction for conceptual

understanding were selected from the questionterkta the activities the PSTs reported they

engaged in during their teacher preparation. Theseities examined the extent to which the

pre-service teachers engaged in learning in-deptinpg of an effective and meaningful

mathematics lesson. These activities were cladsifssthe composite measures “analysis of

learning goals,” “meaningful learning experiencemd “introduction to standards and

standards-based curriculum.”
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“Analysis of learning goals” is a construct createxin the composite of the variables
listed asassess higher and low level ggalse students misconceptions to plan instrugtion
create meaningful learning experiencaadset appropriately challenging learning
expectations for pupil§his selection and grouping of these variable8realysis of learning goalis
informed by literature from Morris and Hiebert (B)0which stated that “to be clear about learning
goals means to identify the learning required tuee the goals... Clarity about learning goals resgui
unpacking learning goals into constituent parts*sab-concepts (p.493).” Thus, to think about the
learning goals during the planning of the lessauires that the teacher analyzes teaching by plgnni
activities that align with the sub-concepts ideetlf anticipating students’ responses that inchaté
ideal and those with errors, and thinking throughkgible evidence that show students understanding o
the sub-concepts (Morris & Hiebert, 2009). Smitld &tein (1998), in outlining the five practices
necessary for teaching, also emphasize that whestifiging learning goals teachers should think @abou
how to make the learning intended meaningful bgkimg through how to organize the instruction based
on the responses made by students on the selastesd The information from these studies justifies
selection and grouping of these variables fromMBBS-M as shown above.

“Introduction to standards-based materials” is astauct created from the composite of
the variables listed in the TEDS-M dataaamlyze and use national or state standards of
framework for school mathematidscate suitable curriculum materials and teaching
resourcesandlocate instructional materials that builds on statk experience, interest, and
abilities. These variables correspond fairly well with tise of curriculum materials and
studying materials intensively that were relategdsitive outcomes in the literature cited (e.g.,
Lloyd, 2006; Ma, 1999; Tarr &Papick, 2004). Furthitve open-ended nature of cognitively
demanding tasks which allow for multiple approacdiwesolving them are suitable for students

with varying ability levels, interests, and priordwledge (Smith & Stein, 1998). For this
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reason the variablecate instructional materials that builds on state experience, interest,
and abilitieswas selected from the TEDS-M database as closklted to the definition of
cognitively demanding tasks found in suitable auda materials. These variables were the best
match to this feature of teacher preparation, gihabthe TEDS-M data does not have a
guestion that directly asks the PSTs about theusgroduction to cognitively demanding
tasks.

Finally, “meaningful learning experiences” is a stvact created from a composite of the
variables listed aslentify appropriate resources needed for teachingld on students’
existing mathematical knowledge and thinking skalleate projects that motivate all students
to participate accommodate a wide range of abilities in each lesegplore how to apply
mathematics to real-world problefasndexplore the use of manipulative or concrete objaxts
solve mathematics problerfBrese & Tatto, 2012, p.76). The opportunities lEnpnstruction
using models, manipulatives, or applets, as shovthe available literature (e,gdjalmarson &
Suh, 2008), corresponds reasonably well to thealbbas that were used to develop this measure
in the mathematics classroom, because these @agiv@iquire that the teacher identify what is
appropriate, allow the students to be creativepmeoodate the wide range of students abilities,
and relate to real life situations.

Learning mathematics instruction for conceptual uedstanding

The “opportunities to learn mathematics instructior conceptual understanding” were
also selected from the activities that PSTs repdhiey engaged in. This category of
opportunities to learn to teach mathematics incalutie variabletearn how to explore multiple
solution strategiedearn how to show a mathematics procedure waaksimake distinctions

between procedural and conceptual knowledge wrarhieg mathematics concepts and
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operations to pupil¢Brese & Tatto, 2012, p.76). The OLT mathematisiruction identified in
the literature as promising are learning: (i) towtwhy a procedure works, (ii) to use multiple
solution strategies, and (iii) to make distinctidresween procedural and conceptual knowledge
in the literature (e.qg., Bartell et al., 20T2gespo, 2000; Grant and Lo, 2009; Ryken, 2009).
These features of teacher preparation instructiattimreasonably well with the variables from
the TEDS-M database.

3.3.2 Control Variables

The study used gender and socio-economic statiS)(as the control variables. The
gender variables were recoded into binary codds feihales coded as a 1 and males coded as 0.
This coding was needed for the model analysis iichvthe gender variable was introduced in
the model as a dummy variable.

Socio-economic status has been measured usimglex of economic, social, and
cultural background (OECD, 2008; Thomson, De Bartdicholas, Hillman, & Buckley, 2010).
Recently, Cowan and colleagues (2012) recommenda&SES be defined as “one’s access to
financial, social, cultural, and human capital reses” (p.14). This index includes the highest
level of parents’ education, the wealth the farhidg, and the education and other resources
present in the home (OECD, 2010). Similarly, oteholars have emphasized that the
educational level of the parents and an index afdpossessions influence student achievement
(e.g., Marks, McMillan, Jones, & Ainley, 2000). Th&DS-M socio-economic indicators are
similar to those that have been used in the Prodpammternational Student Assessment (PISA).
These variables include parental level of educatiamber of books in the home, and resources

in the parents’ or guardians’ home.
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Highest level of education in the household
This SES variable was the highest level of the ateeducation in the household. Using the
UNESCO Institute of Statistics (UIS) mapping, tleeisehold income was recoded so that it
gave the cumulative years of schooling of the paneth the highest level of education. This is
based on the 1997 International Standard Classdicaf Education (ISCED), because at the
time the data was collected the new 2011 ISCEDnuadbeen released

Resources in the home

The number of books in the home was selectedai@sent this measure. This variable
was recoded into a dummy variable, such that lesgmted “having more than one hundred
books in the home” and 0 represented having lessdhe hundred books in the home. In many
countries, the variable showed some variation uirsgcategorization. Other resources, such as
a calculator, a desk, a DVD, and a computer, didzagy within the countries, and therefore
were not used in the study. As stated by Cowarcalidagues (2012), family possessions may
not be an accurate measure of SES. In sum, thg gl the household level of education and
the number of books in the home as the SES measure.
3.4. Analytical Approaches

The TEDS-M data set involved disproportionate samgpland therefore the analysis
took into consideration this complex sampling mdthbhe International Association of
Evaluation of Educational Achievement InternatioDatabase (IEA IDB) analyzer, which has
an SPSS plugin, was used to merge data from the’Ri&E with data from the institutional files
in all the 17 countries that took part in the syrvene IDB analyzer selects the appropriate
sampling weights for the analysis, and correctséonpling error by using a “balanced repeated

replication algorithm” (Brese & Tatto, 2012).

65



A preliminary analysis was conducted to examindienst univariate distributions of
each variable, correlations among variables, raiiplof the composite variables, and to check
whether the data supported the methodological magimptions. Using the findings from the
descriptive analysis, decisions were made aboutdhables to be used for the composite
measures. The measures created were tested usamfjranatory factor analysis to check for
suitable relationships (Raykov & Marcoulides, 20@&)pposed composites of variables that
gave an internal consistencywf0.7 were left as single variables. Multiple indara were used
in the study, because if a single indicator wasliseepresent a construct or measure, it would
give limited information about the construct todtedied. Further, a single variable can be prone
to error because of the possibility of assessimgetbing else or not measuring precisely what it
is supposed to measure (Raykov & Marcoulides, 2(H@) example, the measure “analysis of
learning goals” was created from variables inforrhgdhe literature (e.g., Hiebert 2009) that
defines what PSTs do when analyzing a learning. Jdaé measure was not explicitly listed in
the TEDS-M database, but a composite measure beutdeated from the available variables.

For the first research question, which examinedlifferences in pre-service teacher
competencies, a descriptive analysis is shown usigplots to compare the distributions of
each variable across nations.

For the second research question which examinediffieeences in the opportunities to
learn to teach mathematics, descriptive analyses eanducted using percentages, means of
individual PSTs responses, and means of PSTs respdny institutions. These descriptive
analyses were presented in the form of bar graptigables with means, standard deviations,

and standard errors. These graphs and tables weezajed using the IDB analyzer. The
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countries with the highest and lowest median scaere identified and the median scores of the
three focal countries highlighted in comparisoth® other countries.

For the within-country analyses associated withthivel, fourth, and fifth research
guestions, which examined the relationships betvleempportunities to learn to teach
mathematics and the outcome variables within amad®n the three focal countries, a multilevel
regression was used for each focal country. Thiysisavas such that the relationships were
examined within the institutions with individualgeservice teachers, in which the variables were
introduced at level 1, or the pre-service teackeellof analysis. A simultaneous analysis was
conducted that examined these relationships bettheeimstitutions within the three focal
countries and it was referred to as the level twmstitutional level analysis. This is a suitable
model because it took clustering of the PSTs withgtitutions into consideration, and computed
the correct standard errors. In other words, iktih@ context into consideration when the
regression analysis was applied. The multileveleggjon was analyzed with the hierarchical
linear modeling software.

The equation of the model is shown below (adaptaa L.ee and Bryk, 1989).
Pre-service teacher level (within the institution):

Yij = By + ByXy -+ BpyjXp 1y + &

The equation is for the pre-service teacher mgtiiution j, assuming p predictors, and Y
is the outcome, with separate analyses for eatediour outcome variables: content
knowledge, pedagogical content knowledge, inquéatyelfs, and non-inquiry beliefs.

At the institution level:

Bpj = ypo + yplwlj .t yquqj + l9p]
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The level 1 coefficient was modeled at level 2 (wgtinstitutional level predictors). This
analysis approach was used for the relationshipgusiree sets of predictor variables: (i)
pedagogical practices experienced in the teaclegapation, (ii) approaches to learning how to
plan mathematics instruction for conceptual unéeiding, and (iii) approaches to learning
mathematics instruction for conceptual understamdiith the knowledge and beliefs for
teaching and learning mathematics. The analysesrsiv@re conducted in stages, and they were
based on the previous results. Summaries of the¢ leand level 2 descriptions of variables for

the three countries are shown in Table 5 and Téble
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Table 5:Mean scores of the OTL and Learning Outcomes ftarteh Russia, and the United States (LEVEL 1

RUSSIA POLAND (GEN) POLAND (SPEC) USA (GEN)
VARIABLE NAME N MEAN  SD N MEAN  SD N  MEAN SD N MEAN SD
MCK 2260 536.37 96.4 1487 45489 592 281 613.46 94.4683 515.44 69.53
MPCK 2260 511.53 87.84 1487 450.76 834 281 57124 76.4B83 543.07 67.53
Non-inquiry beliefs 2143 24.86 6.25 1396 24.68 26.3272 20.4 541 1139 20.75 5.43
Inquiry beliefs 2160 24.3 3.1 1434 24.2 3.72 273 525 295 1134 2424 3.32
More than 100 bks in the home 2246 0.54 0.5 1494 41 0. 049 281 0.48 0.5 1185 0.59 0.49
Years parents spent in school 2105 14.6 1.92 1268.451 1.72 281 27.76 31.62 1451 1598 242
Gender 2260 0.92 0.26 1496 0.98 0.14 280 0.76 0.43 149989 0. 0.32
Listening to lecture presentation 2254 3.92 0.33 9114 3.68 0.62 281 3.46 0.83 1167 3.3 0.81
Asking questions during class time 2245 3.08 0.684911 2.63 0.9 281 2.6 0.9 1167 3.29 0.76
Participate in whole class discussion 2222 3.01 90.71487 2.76 0.85 281 2.89 0.81 1165 3.47 0.69
Teach a session using methods demonstrate@230 2.01 0.98 1476 2.1 0.99 280 2.09 0.92 1162 6 2.40.97
by instructor
Work together in groups during class time 2246 3.270.81 1484 3.33 0.83 279 2.82 0.88 1162 3.58 0.67
Analysis and reading teaching and learning 2188 9m0. 2.79 1462 7.31 259 281 9.34 13.53 681 10.62 8 3.0
Analysis of learning goals 2177 9.32 1.94 1417 6.762.02 268 7.06 2.07 1147 9.66 1.78
Introduction to Standards-based curriculum 2210 9.9191 1465 8.43 221 277 8.09 2.2 1160 9.91 1.79
Meaningful learning experiences 2230 12.86 2.32 6714 10.25 2.87 280 9.88 271 1161 13.64 2.1
Learning how to explore multiple solution 2243 2.86 0.85 1476 2.63 0.93 277 2.76 0.9 1160 7 3.10.81
strategies with pupils
Learning how to show why a mathematics 2226 2.72 0.98 1475 2.34 0.97 277 2.66 0.92 116105 3. 0.84
procedure works
Learning to make distinctions between 2208 2.66 0.9 1469 241 0.97 276 2.53 0.92 1159 7 2.80.89
procedural and conceptual knowledge
FINWGTP 2266 3.78 3.01 1497 2.78 236 281 4.46 3.24501 175 11.21
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Table 6:Mean scores of the OTL and Learning Outcomes ftarfelh) Russia, and the United States (LEVEL 2)

RUSSIA POLAND (GEN) POLAND (SPEC) USA (GEN)
VARIABLE NAME N MEAN  SD N  MEAN SD N MEAN SD N MEAN SD
Lecture 49 3.56 0.16 43 3.61 0.18 24 3.53 0.18 51 3 3 0.25
Asking questions 49 2.96 0.16 43 2.87 0.23 24 279 0.33 51 3.29 0.24
Whole class discussion 49 3.03 0.15 43 2.95 0.19 24 3 0.3 51 3.46 0.24
Teaching using methods demonstrated 49 2.25 0.23 43 2.21 0.24 24 2.26 0.31 51 2.46 0.34
by instructor
Group work 49 3.34 0.15 43 3.33 0.2 24 3.15 0.34 513.56 0.32
Analysis of teaching and learning 49 9.64 0.68 43 .928 1.2 24 8.97 1.39 51 10.75 1.55
Analysis of learning goals 49 8.48 0.5 43 8.03 0.8724 8.11 0.83 51 9.63 0.63
Introduction to standards based 49 9 0.53 43 8.85 0.68 24 8.87 0.67 51 9.88 0.7
curriculum
Meaningful learning experiences 49 11.97 0.61 43 531 1.03 24 11.42 1.08 51 13.63 0.73
Learn why a procedure works 49 2.69 0.16 43 26 50224 2.82 0.33 51 3.03 0.31
Make distinctions between procedural 49 2.61 0.18 43 2.58 0.27 24 2.63 0.28 51 2.83 0.39
and conceptual knowledge
Exploring multiple solutions 49 2.88 0.26 43 265 310 24 2.78 0.39 51 3.16 0.29
INSWGTP 49 3.28 3.83 43 1.19 0.01 24 1.12 0 51 7.55 7.81
More than 100 bks in the home 49 0.51 0.51 43 0.470.5 24 0.5 0.51 51 0.55 0.64
Gender 49 0.96 0.2 43 0.98 0.15 24 0.79 0.41 51 0.8 04
Parents years spent in school 49 131 6.77 43 11.67.91 24 20.75 24.17 51 16.51 3.87
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CHAPTER 4
DESCRIPTIVE AND PRELIMINARY ANALYSES
Two approaches are used to present and intergrelata in this study: global and
within-country views of the knowledge for teachimgthematics and beliefs about learning
mathematics, and opportunities to learn (OTL) sxkeelementary mathematics. In the global
approach, descriptive results across all of thentt@s that participated in the TEDS-M survey
are first presented and a brief interpretatiorhefresults is given. The descriptive analyses of
the opportunities to learn to teach mathematickides(i) pedagogical practices, (ii) learning
how to plan mathematics instruction, and (iii) l@ag mathematics instruction for conceptual
understanding. These descriptive results representerview of the PSTs’ knowledge and
beliefs and their OTL to teach across the parttoagecountries, with a particular emphasis on
the three focal countries, Poland, Russia, andUthieed States in comparison to all the
participating countries. A focus on the three caestprovides a context for examining how
these countries’ teacher preparation programs veatiing OTL to teach mathematics and
outcome variables compare with all of the 17 pgoditng countries, which is useful for
interpreting the within-country analyses. The dgdiste results answer research questions (RQs)
1 and 2:
RQ1: What are the differences in PSTs’ content Kadge, pedagogical content knowledge, and
beliefs about learning mathematics among the 1tces that participated in the TEDS-M
survey?
RQ2: What are the differences among the 17 couniniéghe extent of the opportunities to learn
to teach through (i) experiencing different pedagalgoractices in mathematics education and

teacher education courses; (ii) introducing differ@pproaches to planning mathematics
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instruction for conceptual understanding; and (itfoducing mathematics instruction for
conceptual understanding?

These competencies are shown for the participatogtries, highlighting the program
types in which PSTs are prepared. The competefari¢se individual PSTs are shown to
illustrate the differences that exist amongst tB&$in the countries or the variability at the
individual level for the country as a whole. TheTlBScompetencies are also shown between the
institutions to examine if there are differencethi@ mean responses of PSTs between the
teacher preparation institutions within the cowstriThese between-program differences will be
used in later analysis that examines the effecbetfieen-program variation in teacher
preparation practices on the between-program difiggs in mean outcomes.

The within-country approach is then presented passe chapters, with the results from
the three countries: Poland, Russia, and the USitates.

4.1. Descriptive Analyses of the PSTs’ Competencies

Knowledge for teaching mathematics is related tefseabout teaching and learning
mathematics. According to Thompson (1992), distisiging between knowledge and beliefs
about teaching and learning mathematics is not leasguse these two constructs are
intertwined. For this reason, a more holistic as@lyncludes beliefs about learning mathematics

because of its possible influence on PSTs’ knowdeidg teaching mathematics.

4.1.1. Knowledge for Teaching Mathematics across ¢hCountries

The knowledge for teaching mathematics includesdwmains in the TEDS-M data:
mathematics content knowledge (MCK) and mathemagckgogical content knowledge
(MPCK). Figure 2 shows the patterns of the PSTsK\MCores across the countries, while

Figure 3 shows the patterns of the PSTs’ scorem/byage PSTs scores in the institutions. These
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patterns are shown for the different teacher edutg@rogram types found within the countries,

either the generaliStor mathematics specialf&t

% Generalists pre-service teachers are “prepareshith three or more subjects”(Tatto,. et al., 2@125).
0 Specialist teachers are prepared to teach onveoosubjects, (Tatto, et al., 2012). In this study mathematics
specialists were those who were prepared to teathematics.

73



Thailand
United States
Norway (ALU)

Norway (ALU +)

00— =m——W0 O

Botswana 3 o —e==— 0
Chile g WO ———— 00
Chinese Taipei * 0 : o
s
Georgia | o0 @@ - °
S 0 I (X ]
Germany G| 90 o o@me® : 000 ™
. o———00
Malaysia 3| ©
Philippines [P ———
S (1 I om
Poland ¢ ® 0000 —————— N 00 0 [)
Russian Federation 3 ° 000 : -
: —
Singapore 2 %'
Spain & () —— T Y
Switzerland 3 »— = eum
(S; (] I 0000 0
s
G
s
G
s
G

I I I I
0 200 400 600 800
MATHEMATICS CONTENT KNOWLEDGE
Figure 2 MCK scores of individual PSTs across the

participating countries. Note that S representspezialist
programs, while G represents the generalist progiram

Botswana 3 ——
Chile 3 e |
Chinese Taipei I
Georgia P ——
Germany 3 H
Malaysia 3 — T
Philippings & — .
Poland 3 e ———— ¢
Russian Federation ¢ :
Singapore ¢
Spain 3 .
Switzerland 3 PO P r——
Thaland & '
United States & — |
Norway (ALU) 3 —
Norway (ALU +) 8 —_—

I
400 450 500 550 600 650 700
MCK BY INSTITUTION

Figure 3.Average PSTs’ MCK scores by institutions across the
participating countries. Note that S representspezialist
programs, while G represents the generalist program

74



MCK scores of individual PSTs

Figure 2 shows that the PSTs in Chinese Taipettmatighest median MCK score
across the countries, with the minimum score bd&0® (the international average) and the
maximum score at about 800 (excluding the outljevk)jle the PSTs in Georgia had the lowest
median score, below 400

A focus on the three countries of interest, Pol&wksia and the United States, shows
that their MCK scores varied and were comparabtbéacountries with the highest and lowest
MCK scores. In Poland the median MCK score forgpecialist program was about 600, a
similar median score to the MCK score for the PBTSingapore and slightly lower than
Chinese Taipeli, while the median score for the geise program was below 500 (the
international average median score), but abovendxdian score of the PSTs in Georgia, which
had the lowest MCK median scores among the paaticig countries. This distinct difference in
scores from the two programs calls for a furthexlysis within Poland to investigate factors that
could be related to these median scores, which areang the highest and the lowest in the
participating countries.

The PSTs from Russia had a median score aboverf@®median score was above the
international median and was close to the mediatiKM{the specialist programs in the United
States and Germany, and higher score than mosé gfarticipating countries. Similarly, the
MCK median scores of the PSTs in the United Statre above 500. Specifically, the MCK
scores of the PSTs from the two program typeserithited States showed that the scores of the
specialist PSTs ranged from 400 to 700, while #mge of MCK scores of the generalist PSTs

was 350 to 700 (excluding the outliers).
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Comparing the three focal countries, the MCK medieores of the PSTs in the specialist
programs in Poland and the United States were hitja@ the median scores of the PSTs in the
generalist programs. Further, the median score@PSTs in Poland generalist programs was
the lowest, while the median score of the PSThanspecialist program was the highest among
the three countries. Finally, the PSTs from Russ@generalist program, had a higher MCK
median score than the PSTs from generalist prognamhe United States, but close to those
from specialist programs in the United States. €hesults from the countries with the largest
number of teacher preparation programs includedenTEDS-M samples showed that there
were differences in median MCK scores between arogypes and also indicated that the
Russian generalist programs were comparable totited States specialist programs. These
results warrant further analysis of the factors tdoauld be influencing these differences in the
generalist and specialist programs in the threatrims.

Average MCK scores of PSTS by institutions

The variation of scores across countries whenrsigutions were compared show that
the specialist PSTs programs in Poland had theektghedian average PSTs’ MCK score.
Conversely, the institutions in Georgian and Pojjsheralist programs showed the lowest
median average PSTs’ MCK score (below 500) actmsparticipating countries. In Russia and
the United States however, the median average I$TK scores in the institutions were above
500 and showed a similar average median PSTs’ Mf@iKedo those in Chile, Malaysia,

Switzerland, Spain, and Thailand.
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Individual PSTs’ MPCK scores
In this section the MPCK scores across the ppgteig countries are presented within
and between institutions. Figure 4 shows the saoirése PSTs’ MPCK scores, while Figure 5

shows the PSTs average MPCK scores in the institsi@cross the countries.
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Figure 4 shows variations in the PSTs’ MPCK sca@®ss the countries that
participated in the TEDS-M survey. SpecificallygthSTs in Singapore and Chinese Taipei had
the highest median MPCK, with a minimum score thas$ lower than the international average
of 500, and maximum above 700, excluding the astli€he PSTs in Georgia, on the other
hand, showed the lowest median PSTs’ MPCK when epetpacross all the countries that
participated in the study but had a large rangth iminimum at about 100, while the
maximum is almost 600.

Focusing on the three countries of interest, Rhl&ussia, and the United States, the
results show differences as well as similaritiehmPSTs’ MPCK scores. For instance, the
PSTs from Polish specialist programs showed a médRRCK score that was close to the PSTs’
median scores from the higher achieving count&asgapore and Chinese Taipei) and the
specialist program in Germany, while the PSTs’ raedWIPCK score from generalist programs
in Poland had a median score of about 500 (thenat®nal average), which was similar to the
median MPCK score for the PSTs in the Philippines @hile, and only higher than the median
score for the PSTs in Georgia. Conversely, the R®ns Russia and the United States (both
programs) had a MPCK median score above 500, aththe range of scores for the PSTs in
Russia was from 300 to 700, while the range ofeéwr the PSTs from the United States was
from 400 to 700 (excluding the outliers). Furthtee median MPCK score of the PSTs in the
United States was above that for most countriessgdfor the scores of the PSTs in the East
Asian countries, and the specialist programs immbblnd Germany.

In the three countries, the findings showed thatRSTs specialist programs had the
highest median MPCK scores. The PSTs from Poliskiapst programs had the highest median

score, while the PSTs from Russia had a lower dtanethat of the PSTs in the United States
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(both programs). The PSTs in the Poland genegaigiram had the lowest MPCK median
score.

The MPCK scores in the three countries highliglttigigérences in MPCK scores between
program types and showed that the PSTs from theetl&tates had higher median MPCK
scores than PSTs from most of the other particigatountries. These results show that there is
need to investigate the factors that could beedl&d the high median scores of the PSTs in the
Poland specialist program and the similaritiedmPSTs scores across programs in the United
States. Additionally, the factors that could béuahcing the relatively low MPCK score in
Russia despite MCK scores higher than those dP8iEs in the United States, could be
investigated.

Average MPCK scores of PSTs by institution
Figure 5 shows that across the institutions, Pdsdtialist program had the highest median
MPCK score, while Norway ALU+ and the Poland gehstrarograms showed the lowest
median score. The median MPCK scores for the gksteaad specialist programs showed no
difference for PSTs in the United States. The aye@raedian MPCK score across the institutions
in Russia was higher than for Polish (general®i},was very similar to the average median
MPCK scores in the United States.

The individual PSTs scores across the countriewstiovide variations in MPCK. For
example, although the MPCK mean scores for the REThinese Taipei and Singapore were
high, the results presented showed that there seme PSTs in the United States whose scores
were close to the highest scores in the East Aiantries. Further, in the East Asian countries,

there were some PSTs MPCK scores that were lowaerttie international average (500).
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In the three focal countries, there were differsnoeghe median MPCK scores between
the program types. Specifically, the two programBoland showed distinct differences in
median MPCK scores. Further, the two program typéise United States had only slight
differences in the median MPCK scores. The mesiganes of the (generalist) programs in
Russia were lower than those for the United Stattegrams. These differences in program types
and differences in generalist programs across ttoaetries call for further analyses of the
factors that could be related to the differencethéngeneralist programs’ median MPCK as well
as the features in the specialist programs thiatdnted their higher MPCK scores.

The knowledge for teaching mathematics, as prelyaliscussed, is comprised of other
dimensions of knowledge that include but are mottéd to PSTs’ MCK and MPCK. The TEDS-
M study examined the PSTs on these two dimensibksawledge for teaching mathematics.

4.1.2. Beliefs about Learning Mathematics

The individual and average (across institutions)$8on-inquiry and inquiry beliefs
about learning mathematics within and betweennbkgtutions across the seventeen countries
are discussed. Figure 6 and Figure 7 present thenguiry beliefs of the PSTs and the average
non-inquiry beliefs about learning mathematicshia institutions across the participating
countries. A score that is close to 8 indicates it PSTs strongly disagree with non-inquiry
beliefs, while a score that tends towards 48 inds¢hat the PSTs strongly agree with the non-

inquiry beliefs.
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Individual PSTs’ non-inquiry beliefs about learningnathematics

Figure 6 shows that there were large variatior83i's’ non-inquiry beliefs about
learning mathematics in all the countries in thdB=M database. PSTs in Malaysia, Georgia,
and the Philippines had the highest median noniipdpelief scores across all the countries
shown. In contrast, the PSTs’ lowest median non+nydoelief scores were from Norway and
Switzerland. The PSTs’ non-inquiry belief medianres from the specialist programs in the
United States were similar to those of the PSTherspecialist programs in Thailand and Poland
and in the German generalist program. Howevernntadian scores of the PSTs from the
generalist program in the United States was highdrsimilar to those of the PSTs from Chinese
Taipei, Spain, and the Singapore specialist progfidma median non-inquiry belief score for the
PSTs in Russia was higher than that for most atbentries, but lower than the three countries
with the highest median score.

Focusing on the three focal countries, Poland, iRuaad the United States, there were
differences in the non-inquiry beliefs scores bemvthe generalist and specialist programs
within the countries. Specifically, the PSTs in Baish and United States specialist programs
had a median score of 20, while the PSTs’ non-nyduaglief scores in the Poland generalist
program were 25 and United States about 23, ragpBctThe PSTs median non-inquiry belief
scores in Russia was higher than the PSTs medmessm the United States (from both
programs), but still lower than the median scorenfin-inquiry beliefs of the PSTs from the
Polish generalist programs.

Non-inquiry beliefs about learning mathematics beten the institutions

The average median PSTs’ non-inquiry belief scare® less varied across the

institutions, when compared to the variations efitidividual PSTs’ non-inquiry beliefs within
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the institutions. The Polish generalist programs the highest average median non-inquiry
beliefs scores when compared to all the count@esthe other hand, the Poland specialist

program had the lowest average non-inquiry beligfsally, the average PSTs’ non-inquiry

belief scores in the institutions in Russia weghkr than the average scores in the United
States.

In sum, there were variations in the non-inquirlidde about learning mathematics
between the program types in the countries, as showigure 6 and Figure 7. Further, the
generalist programs in the three countries hadhdity different median scores, which showed
that there could be differences in the generatisgams that should be further investigated.

Individual PSTs’ inquiry beliefs about learning maematics

From the descriptive results of the non-inquiryidde, the information about the PSTs’
beliefs about learning mathematics is incompleteqtiiry beliefs are not explored. Figure 8
presents the individual PSTs’ and the average mgdpgliefs of the PSTs in the institutions
(Figure 9) across the countries in the TEDS-M syrv& score that tends towards a 6 indicates
that the PSTs strongly disagree with the inquiryelie while a score that tends towards 36
indicates that the PSTs strongly agree with theingpeliefs. Figure 8 shows that the inquiry
beliefs were quite similar across the countriehenTEDS-M. The maximum inquiry beliefs for
all the countries were 30. Georgia, however, tloginy belief scores’ median value was lower
than for all the participating countries. Furtht@e range of the PSTs inquiry beliefs score in
Georgia was the widest when compared to the othantdes that participated in the survey: The
minimum PSTSs’ inquiry beliefs for Georgia were Hile the maximum inquiry beliefs were 30.
On the other hand the countries that showed indpghgfs with a median score above 25 were

from Switzerland (generalist program), Poland (sgist program), Germany, (both programs),
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and Chile. The median inquiry belief scores of PBiTthe United States programs (both
programs) and Russia were higher than those of coosttries, and only second to those of the
PSTs in Switzerland and Polish specialist prograrhs.inquiry beliefs of the PSTs in Polish
generalist programs were among the lowest in thigcpeating countries.

Notable differences were shown for the PSTs’ ingbeliefs about learning mathematics
in Poland, Russia, and the United States. The R&ihe Poland specialist program had the
highest median inquiry belief score, while the P8ilthe Poland generalist program had the
lowest median inquiry belief score. Russia andudh&ed States had median scores that were at
about 25, with Russia score slightly lower.

Inquiry beliefs about learning mathematics betwethre institutions

An exploration of the average inquiry beliefs ie thstitutions in all the countries
showed that specialist programs in Poland had ijteebt average median scores for inquiry
beliefs (and had the widest variation when compévetie other countries), while the
institutions in Georgia, the Polish generalist pargs, and the Russian and the United Stated
generalist programs had the lowest median inquefiebscores.

The institutional-level inquiry belief scores fdretgeneralist programs in the United
States, Russia, and Poland had similar median sddmvever, the median score for the
specialist programs in the United States had attidnigher median score.

These median inquiry-belief scores showed thaetivere differences between the
program types as well as differences across thergkst programs. The three focal countries
offer a context in which the factors that couldituencing these differences could be further

explored because of the differences they showanmtuiry and non-inquiry beliefs.
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Figure 9 Inquiry beliefs across the participating courdridote
that S represents the specialist programs, whilep@sents the
generalist programs.

Figure 8.PSTs’ inquiry beliefs across the participating rtinies.
Note that S represents the specialist programdev@represents
the generalist programs.
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4.2. Opportunities to Learn to Teach Mathematics

4.2.1. Pedagogical Practices Experienced in Mathetnzs-Related Courses

The pedagogical practices used in the descriptiadyais areeform-oriented
pedagogical practiceson-reform oriented pedagogical practicesid theanalysis and reading
about the teaching and learning of mathemafidse first descriptive analysis shows the
variation across the countries from the PSTs’ rspomn the reform and non-reform oriented
practices. In particular, these descriptive resslisw PSTs’ reports on experiencing these
pedagogical practicestenin their teacher preparation. The descriptive ysesd also show the
mean of individual PSTs’ responses and the avevatiee PSTs’ responses in the institutions
across the participating countries. The secondrigis® analysis gives the mean of the
composite measuanalysis and reading about teaching and learningnathematics

Figure 10 presents a description of PSTs repodstadxperiencing often the modeling

of reform and non-reform oriented pedagogical pcast
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Figure 10.Percentage of PSTs repaatsout pedagogical practices experienced ofteneim th
mathematics-related courses across the particgpatinntries
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Lecture methods often

Figure 10 shows that in 11 countries, the highestentage of the PSTs reports was
listening to lecture presentations oftéssing the cultural lei§ proposed by Hsieh, Chu, Hsieh,
and Lin (2014) revealed interesting patterns inRBd's’ reports about experiencing lecture
methods often during their mathematics-related sesirFor example, over 60% of the PSTs
from each of the participating countries classifesdrom theConfucian AsiaandDeveloping
Asia(Malaysia and the Philippines), and fr&astern Europ@ndDeveloped Europesported
that they experienced lecture methods often. Gimtkthe United States, which are
geographically inhe AmericagHsieh et al., 2014), but of Western culture, lesd than 40% of
their PSTs reporting that they experienced listgninlecture presentations often.

The findings in the three focal countries, RusBiaand and the United States showed
that the highest percentage of PSTs in Russia alah® reported experiencing lecture methods
often but in the United States the highest percgntd PSTs reported was not on this
pedagogical practice.

Group work often

Over 50% of the PSTs in tamerican groudChile and the United States) and the
participating East Asian countries wilonfucian tradition(Singapore and Chinese Taipei) that
participated in this survey reported having experge group work often in their mathematics
methods courses. Similarly, over 50% of PSTs froaldysia and Thailanaiéveloping Asig
reported experiencing group work often. On the oki@end, less than 40% of PSTs from the

participating countries ikurope(Norway, Germany, and Georgia) reported that they

I Hsieh, Chu, Hsieh, and Lin (2014) categorizedcihentries into West and East based on culture andrgphical
regions. In the East the countries were furthessifeed as (i) Confucian Asia-Singapore and Chinksipei, (ii)
Developing Asia-Malaysia, Thailand, and the Philiigs. The group categorized as West group comp(is&gst
European —Poland, Russia, and Georgia, (ii) Deeeldpurope —Germany, Norway, Spain, and Switzerl@iid,
American group- Chile and the United States of Aoae(Hsieh, Chu, Hsieh, & Lin, 2014).
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experienced group work often in their mathematedated courses. Notably, Switzerland, a
country classified by Hsieh and team (2014) asrgphg toDeveloped Europewvas the only
European country that had over 50% of PSTs repetpdriencing group work in their
mathematics-related methods courses.

In Poland, Russia, and the United States, the igtiser results showed that group work
was a common practice experienced by PSTs. Incpéati the PSTs in the United States had the
highest percentage (about 50%) of their PSTs #padrted experiencing this practice often. In
Russia (46%) and the Poland generalist program 50 practice had the second highest
percentage of the PSTs reporting they experiertaaften.

Whole class discussion often

This pedagogical practice was the third most comiynexperienced by the PSTs in
most of the participating countries. The patterithe PSTs’ responses showed that over 40% of
PSTs from the countries classifiedRasveloping Asiaeported that they experienced whole class
discussion often. Similarly, over 40% of the PST¢hie United States and Singapore reported
having experienced whole class discussion oftenohtrast, less than 20% of the PSTs in the
four countries classified d3eveloped Europesported experiencing whole class discussion
often.

In the three focal countries, PSTs in the Uniteatedt reported experiencing this practice
often (over 40%), while in Russia and Poland leas 40% of the PSTs reported experiencing
this practice often. In fact, about 20% of the P8ilBolish generalist program reported that they

experienced this practice often.
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Asking questions often

Over 30% of the PSTs in the participatidgnerican groupedountries reported asking
guestions often, but none of the participating pesn countries showed at least 30 % of the
PSTs reported asking questions often in their nmatities methods courses. Less than 20% of
the PSTs in two of the participatiigiropeancountries (Germany and Norway) and one Asian
country (Malaysia) reported asking questions inrthmathematics-related courses.

In the three focal countries, the findings showeat fust over 25% of the PSTs in the
United States and Russia reported that they expetethis practice often. However, about 18%
of the PSTs in Polish generalist and the speciat®grams experienced this practice often.

Teaching sessions using methods demonstrated byrbieuctor often

PSTs’ reports from twelve of the participating ctyigs showed that this was the least
experienced pedagogical practice.

Summary

With specific reference to the three countries wlith largest number of teacher
preparation institutions, the descriptive resuftsveed that there was variation in the extent the
PSTS experienced the pedagogical practices. Thatioarwas related to the program type and
country. Most of the PSTs in Poland and Russiartedaxperiencing lecture presentation often,
while most of the PSTs in the United States replogtgperiencing group work often. In addition,
a higher percentage of PSTs from generalist progiarRoland reported experiencing group
work as compared to those from specialist progratosiever, the PSTs in the generalist and
specialist programs in the United States repork@emencing similar pedagogical practices.

To further analyze the degree to which pedagogicaitices were experienced by the

PSTs, the mean of the individual PSTs’ reportstarcaverage of their reports by institutions
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within each participating country were examinedbl&&/ presents a summary of the means and
standard deviations of the individual PSTs repact®ss the countries that participated in the

survey.
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Table 7:Mean of Experiencing Models of Reform-Oriented Bed&al Practices as Reported by the PSTs

PSTs By Institutions
Ask questions Whole Gr_oup Group Work Ask questions Whole Gr_oup Group Work
Discussion Discussion

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Botswana 3.03 0.81 3.39 0.58 3.43 0.64 2.86 0.08 286 0.14 3.23 0.11
Chile 3.3 0.78 2.96 0.94 3.53 0.7 2.94 0.13 3.01 0.12 3.37 0.11
Chinese Taipei 2.36 0.79 3.09 0.82 3.16 099 275 0.09 3.04 012 3.37 0.17
Georgia 2.79 0.96 2.78 1.01 2.87 1.08 2.88 0.08 296 0.14 3.3 0.14
Germany (Spec) 2.73 0.84 2.33 1.04 3.2 082 251 0 1.89 0 2.77 0
Germany (Gen) 2.26 0.96 1.73 0.88 2.56 1.16 251 0 1.89 0 2.77 0
Malaysia 2.84 0.76 3.41 0.7 3.61 0.69 2.9 0.16 3.03 0.12 3.36 0.15
Norway (ALU+) 2.79 0.84 2.83 0.79 3.19 0.75 3.02 0.1 3.07 0.12 3.4 0.09
Norway (ALU) 2.68 0.85 2.65 0.83 3.18 0.69 2.95 0.09 3 0.07 3.37 0.09
Philippines 2.97 0.74 3.29 0.68 3.42 0.66 2.9 0.12 3.08 0.11 3.4 0.14
Poland (Spec) 2.61 0.9 2.88 0.84 2.84 0.86 2.81 0.29 3 0.25 3.2 0.28
Poland (Gen) 2.63 0.89 2.78 0.84 3.31 0.83 2.87 0.21 296 0.17 3.32 0.18
Russian Federation 3.11 0.67 3.04 0.79 3.29 0.8 2.96 0.17 3.03 015 3.34 0.15
Singapore (Spec) 3 0.69 3.39 0.66 3.69 0.58 2.82 0 3.06 0 3.51 0
Singapore (Gen) 2.93 0.71 3.31 0.64 3.73 0.54 2.82 0 3.06 0 3.51 0
Spain 2.95 0.81 2.73 0.89 3.11 0.96 2.95 0.15 3.04 014 3.35 0.14
Switzerland 2.8 0.84 2.59 0.91 3.35 0.78 2.88 0.12 291 0.16 3.32 0.15
Thailand 3.13 0.71 3.34 0.65 3.68 0.58 2.93 0.15 3.03 0.15 3.36 0.14

United States (Spec) 3.18 0.76 3.49 0.75 3.55 0.7 298 0.14 3.04 014 334 0.22
United States (Gen) 3.3 0.75 3.46 0.68 3.6 0.65 932 0.17 3.05 0.15 3.36 0.14
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Experiencing models of reform-oriented pedagogigaibctices

Table 7 shows that the PSTs’ reports fromAheerican groughad the highest medfs
for experiencing models of the reform-oriented gedgcal practiceask questionsvhile the
PSTs’ reports for the same practice in the Gernesneiglist program had the lowest means.
Similarly, the PSTs from the United States reportsvhole class discussidmad the highest
means, while the PSTs’ reports from Germany shawedowest means. Additionally, PSTs in
the United States had the highest meangifoup workand the lowest means shown with the
German PSTs. In sum, PSTs in Germany showed thestaweans for reform-oriented
pedagogical practices: in other words they hardly any experience with whole group
discussion but the PSTs in the specialist progeponted occasionally engaging in both asking
guestions and group work.

Similar patterns were shown for the means of tluagegical practices across the
institutions, except fogroup work Germany had the lowest means for all three paglegb
practices, while the highest meansdsking questionandwhole class discussiongere from
the reports given by the PSTs in the United Stitesiever, the PSTs’ reports from Singapore
had the highest means for experiencing group war&ddition, Norway (ALU+) and the
Philippines were among the countries that showedithest means faisking questionand
whole group discussionggspectively.

A focus on Poland, Russia, and the United Stateweth thagroup workwas the
reform-oriented pedagogical practice that the AS®Bd three countries reported experiencing
most, as compared to the other reform-orientedguegiaal practices. In the United States PSTs

had group work often, while Polish and German Pi&dsgroup work occasionally.

“A mean value of 4 indicates that the PSTs repageriencing the practice often, while a mean imidcates
they experienced the practice occasionally. A vali@ or 1 indicates they experienced the practcely or never
respectively
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Experiencing models of non-reform oriented pedagcali practices

Table 8 shows the highest mean of non-reform tetepedagogical practices was
listening to lecture presentationghis was reported by PSTs in Russia, while tineeki mean of
the PSTs’ reports for the same pedagogical praatasefrom Chile. In all the participating
countries, the mean for listening to lecture préstgons was between 3 and 4. This indicated that
listening to lecture presentations is a practiqgeeeenced by PSTs more often than not in all of
the countries that participated in this survBgaching using methods demonstrated by the
instructor, however, was experienced less often in all thentees.

Across the institutions, the highest means fornlexcpresentation were in Singapore
(3.63), the United States specialist programs,thedPolish generalist programs (3.61). These
values indicate that lecture presentation was agagical practice that these countries
experienced often. The means for teaching usin@adstdemonstrated by the instructor across
the institutions showed that it was a pedagogicattce that was experienced rarely or never in

most countries.
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Table 8:Mean of Models of Non-reform Oriented Pedagogiaaldfces reported by the PSTs

PSTs By Institutions
Lecture Teaching using Lecture Teaching using
Presentation Methods Presentation Methods
Demonstrated by Demonstrated
Instructor by Instructor

Mean SD Mean SD Mean SD Mean SD
Botswana 364 053 258 0.94 337 009 239 0.14
Chile 244 1.19 2.82 1.01 3.43 0.13 2.32 0.15
Chinese Taipei 370 057 224 0.96 357 0.07 231 012
Georgia 324 124 270 1.08 337 012 245 013
Germany (Spec) 368 0.59  2.12 0.91 3.24 0.00 1.89  0.00
Germany (Gen) 3.04 1.25 1.68 0.93 3.24 0.00 1.89 0.00
Malaysia 368 066 274 0.86 349 0.11 232 014
Norway (ALU+) 3.88 038 1.70 0.81 347 012 230 0.18
Norway (ALU) 373 054 161 0.81 349 0.17 224 013
Philippines 353 0.62 2.89 0.79 350 0.13 2.30 0.12
Poland (Spec) 336 089 207 0.91 353 014 222 027
Poland (Gen) 3.69 0.62 2.12 1.01 361 0.16 2.20 0.21
Egj:';‘ion 391 034 208 0.99 357 016 225 0.23
Singapore (Spec) 3.60 0.57 2.71 0.75 363 000 253 0.00
Singapore (Gen) 356 0.67 273 0.79 363 000 253 0.00
Spain 342 097  2.07 1.03 353 013 231 021
Switzerland 326 090 1.87 0.93 343 010 225 0.16
Thailand 339 0.72 2.79 0.79 351 0.14 2.27 0.19
an;;fg States 347 079 262 0.91 361 012 235 0.26
k’ggre])d States 327 082 245 0.97 351 014 228  0.20

Analysis and reading of the teaching and learnim§ mathematics
The pedagogical practi@alysis and reading of teaching and learning matagcsis a
composite measure comprising the variables (i) edslit research on mathematics, (ii) read
about research on mathematics education, (iii) edaadit research on teaching and learning, and
(iv) analyze examples of teaching was examineds frteéasure is not categorized as a model of
reform-oriented or a non-reform oriented practi&lso, the TEDS-M data does not specify the

specific kinds of teaching and learning that th&@$&nalyze and read. However, it is an
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important pedagogical practice that has been dootedes a supportive context for learning to
teach (e.g., Hiebert et al., 2007). For this measaimean value of 16 indicated that PSTs
experienced this practice often, while a value thatls towards 4 indicated that the PSTs
experienced these opportunities rarely or nevesuimary of the means of this composite
measure across the countries is shown in Table 9.

Table 9 shows that PSTs in United States specaligframs experienced analysis and
reading about teaching and learning occasionallyb@), while PSTs in Germany experienced
these practices least (7.22), as compared toeatidlintries that participated in the study.

Comparing the PSTs’ reports in the three countRedand, Russia and the United States,
PSTs in Russia and the United States experienese tractices occasionally, while the PSTs in
Poland, in both programs, experienced these pesctarely or never. The average PSTs’ reports
across the institutions showed that the PSTs itJthited States experienced these practices

more often than the PSTs in the institutions ilmRdland Russia.
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Table 9:Analysis and Reading of Teaching and Learning inhdmatics across the
Participating Countries

Country PSTs Institutions
Mean SD Mean SD
Botswana 10.14 2.83 9.3 0.96
Chile 9.13 3.02 9.44 0.64
Chinese Taipei 8.53 2.87 9.21 0.31
Georgia 9.09 3.17 9.48 0.69
Germany (Spec) 7.22 2.36 6.86 0
Germany (Gen) 6.44 2.7 6.86 0
Malaysia 10.88 2.52 9.57 0.56
Norway (ALU +) 8.68 2.71 9.69 0.59
Norway (ALU) 7.61 2.38 9.08 0.27
Philippines 11.2 2.35 9.8 0.63
Poland (Spec) 7.36 2.69 9.04 1.13
Poland (Gen) 7.25 2.52 8.98 1.03
Russian Federation 11.05 2.79 9.66 0.7
Singapore (Spec) 9.18 2.95 9.35 0
Singapore (Gen) 9.23 2.55 9.35 0
Spain® - - 956 0.72
Switzerland 8.4 2.67 9.16 0.77
Thailand 10.15 2.37 9.53 0.65
United States (Spec) 11.56 2.46 10.09 0.69
United States (Gen) 10.57 3.11 9.48 0.68

4.2.2. OTL how to Plan Mathematics Instruction forConceptual Understanding

Analysis of learning goals

These opportunities to learn are a composite measduhe variables (i) assess higher
level goals, (ii) use pupils’ misconceptions torpiastruction, and (iii) set appropriately
challenging learning expectations for pupils. Fos imeasure, a score of 12 indicated that the

PSTs reported having opportunities to analyze legrgoals often, while a score of 3 indicated

“3 Results are missing for the analysis and readiogitemathematics teaching and learning in mathesiagcause
the composite measure created had missing valudgeorariable “read research in mathematics educatBy
institutions, the mean value replaced the missaiges. For this reason, analysis using this vegigbbnly at level
2.
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that these opportunities to learn were never egpedd. A summary of the means of this
composite measure across the participating cogrigishown on Table 10.

Table 10 shows that the PSTs from the PhilippiRessia, and the United States
reported having opportunities to learn how to ptaathematics instruction for conceptual
understanding by the analysis of learning goalasionally. The PSTs’ reports in Poland
showed that these opportunities to learn were éxped the least, as compared to the PSTs in
other countries. The average reports of thesdipesdy institution between the participating
countries showed that there was not much differesiog indicated that this practice was
experienced occasionally across most of the ppdiicig countries.

Table 10:0TL How to Plan Mathematics Instruction by Learnthg Analysis of Learning
Goals

PSTs Institutions
Country _—
Mean SD Mean SD
Botswana 8.45 1.86 842 0.3
Chile 8.77 2.07 8.41 0.33
Chinese Taipei 8.02 1.85 8.3 034
Georgia 7.67 2.38 8.45 0.29
Germany (Spec) 7.86 1.63 8.27 0
Germany (Gen) 7.89 2.23 8.27 0
Malaysia 8.36 1.82 8.43 0.32
Norway (ALU +) 7.63 1.57 8.53 0.28
Norway (ALU) 7.37 1.61 8.1 031
Philippines 9.43 1.66 8.54 0.45
Poland (Spec) 6.88 2.03 8.17 0.66
Poland (Gen) 6.72 2.03 8.01 0.8
Russian Federation 9.48 1.87 8.55 0.51
Singapore (Spec) 8.49 1.69 8.79 0
Singapore (Gen) 9.15 1.61 8.79 0
Spain 7.52 2.14 8.4 042
Switzerland 8.69 1.7 8.49 0.27
Thailand 8.5 2.04 8.38 0.36
United States (Spec) 9.47 1.94 854 0.5
United States (Gen) 9.69 1.78 8.41 0.43
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Meaningful learning experiences

These opportunities to learn how to plan mathesatstruction are a composite
measure of the variables (i) accommodate a widgerahabilities in each lesson, (ii) create
projects that motivate all students to participétg,explore how to use manipulative (concrete)
materials or physical models to solve mathemapaoalblems, and (iv) explore how to apply
mathematics to real world problems. A mean valugtofrom the PSTs’ reports indicated that
these opportunities were experienced often, whialae of 4 indicated that these opportunities
were never experienced. A summary of the OTL to kmplan mathematics instruction using
meaningful learning experiences across the padticig countries is shown on Table 11.

Table 11 shows that PSTs in the Philippines, Ruasid the United States (both
programs) had the highest scores for opporturtitiésarn meaningful learning experiences,
while PSTs in Germany (both programs) had the lowesan for this measure. In Poland,
however, the means for both programs indicatedtkieste opportunities were experienced
rarely.

The means for this measure across the institusbased the highest means in Russia
suggesting that this OTL was experienced occadionidie OTL, meaningful learning

experiences, did not show much difference acrasstiher participating countries by institution.
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Table 11:0TL how to Plan Mathematics Instruction using Meail Learning Experiences

PSTs Institutions
Country Mean SD Mean SD
Botswana 12.68 2.1 11.28 0.43
Chile 12.91 2.46 11.89 0.44
Chinese Taipei 11.81 2.47 119 0.35
Georgia 9.77 3.09 11.47 0.57
Germany(Spec) 9.64 2.18 10.04 O
Germany(Gen) 9.26 3.1 10.04 O
Malaysia 12.1 2.31 11.89 0.38
At AU 1126 2.16 11.96 0.32
Norway (ALU) 11.5 2.22 11.84 0.33
Philippines 13.3 1.85 12.03 0.38
Poland (Spec) 9.78 2.68 11.56 0.89
Poland(Gen) 10.25 2.88 11.53 0.9
Egjg';‘ion 13.04 2.26 12.06 0.62
(Ss'r;%":‘:';’ore 12.22 1.69 1222 0
Singapore(Gen) 12.57 1.61 1222 0
Spain 10.86 2.81 11.89 0.45
Switzerland 10.86 2.37 11.63 0.5
Thailand 10.96 2.71 11.86 0.42
?’S”F;fg States 13.16 2.44 1234 057
fé‘gﬁ)d States 13.7 2.04 11.91 0.48

Introduction to standards-based curriculum
This is a composite measure of the variablesn@yae and use national and state standards or
frameworks for school mathematics; (ii) develogrimstional materials that build on pupils
experiences, interests, and abilities; and (itate suitable curriculum materials and teaching
resources. A mean score of 12 from the PSTs’ repiodicated that they experienced all the
three opportunities often, while a score of 3 iatkdl that the PSTs never experienced these
opportunities. Table 12 is a summary of the meanescof the opportunities to learn how to plan

mathematics for conceptual understanding by intttdn to standards-based curricula.
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Table 12:Introduction to Standards-based Curriculum acrdss Participating Countries

B
PSTs Institu)tlions
Country
Mean SD Mean SD
Botswana 8.6 1.61 8.54 0.22
Chile 9.41 1.96 8.83 0.36
Chinese Taipei 9 1.86 8.99 0.26
Georgia 7.87 2.63 8.68 0.33
Germany(Spec) 8.28 1.82 8.37 0
Germany(Gen) 7.5 2.53 8.37 0
Malaysia 9.05 1.8 8.89 0.27
Norway (ALU +) 6.98 1.71 8.84 0.23
Norway (ALU) 7.27 1.82 855 0.31
Philippines 9.55 1.52 8.97 0.33
Poland (Spec) 7.78 2.17 8.84 0.57
Poland (Gen) 8.51 2.16 8.85 0.56
Russian Federation 10.06 1.82 9.09 0.55
Singapore (Spec) 8.93 1.67 9.13 0
Singapore (Gen) 9.28 1.69 9.13 0
Spain 7.4 2.19 8.9 0.4
Switzerland 8.2 1.86 8.69 0.29
Thailand 8.57 1.95 8.81 0.35
United States (Spec) 9.47 1.93 9.19 0.57
United States (Gen) 9.94 1.8 8.87 0.4

Table 12 shows that PSTs in Russia experienceditgghow to plan mathematics
instruction for conceptual understanding throughoithuctions to standards-based curriculum
occasionally, while the PSTs from Norway ALU+ hadge opportunities rarely or never. For
the focal countries, the mean scores for the P& Poland showed that these opportunities to
learn how to plan mathematics instruction for cqutgal understanding were experienced
occasionally, the PSTs from the United States Ipgabdunities for introductions to standards-

based curricula more often than the PSTs in Poland.
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The means of this measure across the institusba# the values of the mean scores
between 8 and 9, but the variation within eacthefgarticipating countries differed. This
suggests that the mean score of the institutiottsmihe countries varied.

4.2.3. Opportunities to Learn Mathematics Instructon for Conceptual

Understanding

Opportunities to learn mathematics instructiondonceptual understanding included
being able to (i) show why a procedure works,distinguish between procedural and
conceptual knowledge, and (iii) know how to exploreltiple solution strategies with pupils. In
this descriptive analysis, the PSTs reports abdwgther they often had opportunities to learn
mathematics instruction on the given dimensiongeagsented across the participating countries.
Figure 11 shows the percentage of PSTs who reperjeeriencing these opportunities to learn

mathematics instruction for conceptual understamnditen.
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Figure 11.Percentage of PSTs’ reports about opportunitiésaiom mathematics instruction for
conceptual understanding often in their mathematz#ed courses across the participating
countries

Figure 11 shows that in nine countries the gregiestentage of PSTs’ reports for
learning mathematics instruction for conceptualarathnding experienced often were in

learning how to explore multiple solution strategyigith pupilsin contrast, in Spain and Chile
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the highest percentage of PSTs’ reports for legrmathematics instruction often was for
learning to make distinctions between procedural aanceptual knowledge

Using the classification of countries by cultumnd by Hsieh and team (2014), the
results from the PSTs reports about learning magieminstruction for conceptual
understanding showed that less than 15% of PSDeweloped Europé.e., Germany, Spain,
and Norway) that participated in the study learhed to explore multiple solution strategies
often in their mathematics-related courses. Furflees than 15% of the PSTs in most of the
participatingEuropeancountries (i.e., Georgia, Germany, Poland, Sgaid, Norway) reported
that they learned to show how a procedure worlendft their mathematics-related courses. In
addition, less than 15% of PSTs from some of th@iean countries (Georgia, Germany,
Poland, and Norway) reported that they often ledtnanake distinctions between procedural
and conceptual knowledge. In contrast, more th&h @bthe PSTs from the American region,
Singapore, and the Philippines reported that tlindearned each of the three categories of
mathematics instruction for conceptual understajdin

A further analysis of these opportunities to learathematics instruction for conceptual
understanding showed the means of the PSTs’ regloaotst learning mathematics instruction for
conceptual understanding in the participating coesit A summary of these analyses is shown
on Table 13.

Table 13 shows that the PSTs’ reports from theddn8tates had the highest mean for
learning why procedures wagrlwhile PSTs reports from Germany had the lowestrmBSTs in
the United States experienced this OTL occasionathyle the PSTs in Germany experienced

this OTL rarely. Comparing the means across irsgtits showed similar findings.
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The opportunity to learn tmake distinctions between procedural and conceptual
knowledgeshowed the highest mean from the PSTs’ repoi@&hife, while the lowest mean for
this opportunity to learn mathematics instructicasvirom PSTs’ reports in Germany. However,
the average reports across institutions showedorg to have the highest frequency of
learning to makaelistinctions procedural and conceptual knowledge

Learning multiple solution strategiegas an opportunity to learn mathematics instructio
that was most experienced in Thailand and the dr8tates, and least experienced in Germany.
There were, however, negligible differences inrtteans of this opportunity to learn
mathematics instruction when the means across\ftiéutions were compared.

A focus on Poland, Russia, and the United Statewstt that PSTs in the United States
experienced all three OTL on average more frequéndin PSTs in Russia. The PSTs in Poland

experienced these practices less frequently thdis RSoth Russia and the United States.

106



Table 13:Mean OTL Mathematics Instruction across the Pgrdtng Countries

PSTs By Institutions

A B c A B C

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Botswana 3.07 0.79 2.83 0.88 3.05 0.89 259 0.04 2.52 0.15 2.86 0.05
Chile 2.98 0.89 3.12 0.86 2.98 0.9 2.68 0.12 2.63 0.13 285 011
Chinese Taipei 2.77 0.86 2.66 0.86 2.66 0.83 2.77 0.13 2.68 0.15 286 0.11
Georgia 2.43 1.04 2.37 1.03 2.87 111 2.67 0.11 2.63 0.16 2.88 0.08

Germany (Spec) 2.18 0.66 2.12 0.72 2.27 0.77 2.01 0 1.83 0 2.56 0
Germany (Gen) 1.78 0.87 1.6 0.81 2.38 095 201 0 1.83 0 2.56 0

Malaysia 2.98 0.82 2.79 0.8 297 0.84 2.73 0.13 2.64 0.14 2.88 0.09
Norway (ALU+) 2.3 0.79 2.22 0.82 245  0.79 2.7 0.15 2.62 0.13 2.88 0.1
Norway (ALU) 2.31 0.85 211 0.81 24 0.79 2.66 0.13 2.56 0.15 278 0.12
Philippines 3.25 0.67 3.01 0.73 329 068 278 0.13 268 0.13 2.9 0.11
Poland (Spec) 2.62 0.89 2.49 0.91 2.71 0.9 2.78 0.27 2.58 0.22 287 0.17
Poland (Gen) 2.35 0.97 242 0.98 264 094 26 0.23 257 0.23 2.79 0.2
Russian

. 2.78 0.98 2.69 0.91 2.93 0.84 2.72 0.16 2.64 0.16 2.88 0.13
Federation

Singapore (Spec) 2.85 0.82 2.84 0.75 2.94 071 2091 0 2.92 0 2.99 0
Singapore (Gen) 2.9 0.81 2.95 0.74 3.1 0.73 291 0 2.92 0 2.99 0

Spain 251 096 262 099 261 091 27 017 262 018 285 0.4
Switzerland 227 08 201 082 286 08 263 014 25 019 288 008
Thailand 303 085 269 08 328 078 271 015 261 015 287 0.2
é”;fg States 302 08l 282 08 307 075 273 011 27 016 287 0.1
t’ggr?)d States 306 086 289 091 317 084 272 017 262 01287 013

Note: A is learning to showhy a mathematics procedure warBsis learning to make
distinctionsbetween procedural and conceptual knowleage C is learningultiple solution
strategies

4.3. Summary of the Findings about the Learning Owtomes and OTL

The findings from the cross-national comparisoreasdd that there were notable differences in
the PSTs’ knowledge and beliefs about teachingeamhing mathematics across the nations. In
general the PSTs from the specialist programs Igtehknowledge for teaching mathematics

and had more inquiry beliefs about learning mathites#han the PSTs in the generalist

programs in most of the participating countried theve both programs.
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The comparison of the pedagogical practices shdhaggacross the countries, the two
pedagogical practices experienced most often Wsteming to lecture presentatioasd
participating ingroup work In particularlistening to lecture presentatiomgs the pedagogical
practice experienced most in the participating toes Of particular importance is the finding
that the PSTs from the participating American caeat(Hsieh et al., 2014) reportgtbup work
as the most common pedagogical practice used inrtaghematics-related courses. In addition,
group workwas a pedagogical practice that was not commdimeiparticipating European
countries (i.e., not more than 30% of the PSTsntedaexperiencing this practice often).
Similarly, asking questiosiduring class sessiongas found to be a common practice among
PSTs from the participating American countries @iset al., 2014)Analysis of teaching and
learning a common practice in the United States, was mohamon practice in the developed
European countries, with the exception of Russhachvis classified among the Eastern
European participating countries.

The opportunity to learn how to plan mathematissrirction for conceptual
understanding showed distinct differences betwbersbme of the European countries and the
countries in the American geographical region. fidports from the PSTs in the United States
and Chile showedheaningful learning experiencasdanalysis of learningyoalsto be
opportunities to learn how to plan mathematicsrutdion that were introduced occasionally in
mathematics-related teacher education coursesg Wiake practices were least experienced by
PSTs in Germany, Georgia, Spain, and Norway.

In most of the participating European countriegablydeveloped EuropéHsieh et al.,
2014), learning mathematics instruction for conagaptinderstanding was not as frequently

experienced as it was with the PSTs from the Amaergroup. Less than 15% of PSTs in
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Georgia, Germany, Spain, and Norway reported egpeing learning tonake distinctions
between procedural and conceptual knowledgso, less than 15% of PSTs in Germany,
Georgia, Poland, and Norway reported experien@agiingmultiple solution strategies

In sum, the opportunities to learn to teach mathmsiahowed that the PSTs from the
American region and Singapore had more opportunitidearn to teach mathematics through
experiencing models of reform-oriented practices iatroductions to ways of instruction that
promote conceptual understanding, as compare®tB3Ts from the participating European
countries.

A focus on Poland, Russia and the United Statesyeth that there were significant
differences among these three nations in PSTs’ ladgye and beliefs about teaching and
learning mathematics. Differences were further ghbetween the specialist and the generalist
programs, with the specialist programs having high€K and MPCK median scores, lower
non-inquiry belief scores, and higher inquiry befieores. The descriptive results showed that
the generalist programs in the three countriesthedian scores that were significantly different
from one another. The PSTs from the specialistgameralist programs in the United States
showed very small differences from each other @irtknowledge for teaching mathematics and
beliefs about learning mathematics. These simgrfiound between the two types of United
States teacher education programs suggest thextteemathematics courses taken by the
specialist PSTs contribute to a small differenasvben specialist and the generalist PSTs’
competencies. Related to this similarity betweenpfograms is the fact that the extent to which
PSTs experience pedagogical practices and acsivdreplanning mathematics for conceptual
understanding are not very different between tregrogram types for teacher preparation in

the United States.
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In the three countries, the most common practica®hstening to lecture presentations
andgroup work with lecture presentationsxperienced often by most of the PSTs in Rusgda an
Poland. Further, PSTs in the United States hadhitst frequent opportunities émalyze and
read about the teaching and learning of mathematarsintroductions taneaningful learning
experiencesand forthe analysis of learning goal®n the other hand, the PSTs in Russia had
the most frequent opportunities fotroduction to standards-based curriculufinally, the
PSTs in the United States had the most frequerdrtypties to learn mathematics instruction
for conceptual understanding. The PSTs in bothsRgrograms experienced these OTL less
often.

These findings suggest that different cultural gamphasize different pedagogical
practices for learning to teach mathematics. Bidi®88) argued that the approaches to
teaching mathematics are related to the cultudalegsof the countries and the institutional
norms. The PSTs’ reports from the participatingdpean countries suggest experiences that
lean more towardsontrol, while PSTs in Singapore and from the American nedjad
experiences that lead towan@®gressandrationalizationand relating mathematics to their
experiencesControl, according to Bishop (2001), includes the use t&#suprocedures, and
mastery in mathematics, whipgogressinvolves questioning, the development of knowledge
and generalizations. Bishop (1988) emphasizedhieatnathematics learned should be
meaningful and be related to the cultural valugh@society. Teacher education is one key to
the preservation of values in the different culsu{®ishop, 1988). However, the use of certain
activities such as group work, project-based lemynand classroom discussions can be used as

one way to balance the values that different ceftdmold (Bishop, 1988).
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CHAPTER 5

WITHIN-COUNTRY ANALYSES OF RELATIONSHIPS BETWEEN OP PORTUNITIES
TO LEARN TO TEACH AND PRE-SERVICE TEACHERS' KNOWLED GE FOR
TEACHING MATHEMATICS
5.1. Model specification
This chapter presents the results of the relatipsdbetween opportunities to learn to
teach and the PSTs’ knowledge for teaching mathesathis chapter and the next chapter
answer parts of the research questions 3, 4, afldésresearch questions addressed in this

chapter are:

RQ3.What is the relationship between the OTL &mhethrough experiencing different
pedagogical practices in PSTs’ mathematics edutabtarses and their (i) content knowledge

and (ii) pedagogical content knowledge:

e Within and between the teacher education instistia Poland?
e Within and between the teacher education instibsgtio Russia?

e Within andbetween the teacher education institutions in the United States?

RQ4.What is the relationship between the OTL tahdarough different approaches to learning
how to plan mathematics instruction for conceptualerstanding and PSTs’ (i) content
knowledge and (ii) pedagogical content knowledge:

e Within and between the teacher education institstio Poland?

e Within and between the teacher education institstio Russia?

e Within and between the teacher education institstio the United States?
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RQ5.What is the relationship between the OTL tahdarough the introduction to learning
mathematics instruction for conceptual understagdimd PSTs’ (i) content knowledge and (ii)
pedagogical content knowledge:

e Within and between the teacher education instistio Poland?

e Within and between the teacher education instistio Russia?

e Within and between the teacher education institistio the United States?

In particular, this chapter outlines the resultmgdels of the multi-level analyses of the
significant relationships between the three maipoofunities to learn to teach mathematics,
according to the pre-service teachers’ reports,(Brieir mathematics content knowledge and
(ii) their mathematics pedagogical content knowkedithe relationships of the pedagogical
practices experienced by the PSTs and their kn@eléar teaching mathematics are discussed
first. Second, the relationships between opporiesib learn how to plan mathematics
instruction for conceptual understanding and kndgefor teaching mathematics are shown.
Finally, the relationships between the opportusit@learn mathematics instruction for
conceptual understanding and knowledge for teaamiaipematics are discussed. These models
are discussed showing the relationships first M@K as the outcome and then with MPCK as
the outcome. All of these analyses are shown ®PBTs within and between the institutions in
each of the three countries, Poland, Russia, andttited States. The results include the control
variables in the discussions, which are shown fiefbre the models are presented and
discussed.

This study focused on examining the teacher pedjosr programs within Poland, Russia,
and the United States because they were the cesintiih the highest number of teacher

preparation institutions in the TEDS-M study. FerthPoland was important for inclusion in the
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within-country analysis because it was one of #ve ¢ountries in the TEDS-M study that
offered separate specialist programs for elemenéagher preparation, which could provide
useful information on the OTL to teach mathematicsuch programs. The large number of
institutions in these countries made it possiblade variabilityamong programso estimate the
effects of OTL on the outcome variables in thesentes.

The predictive analyses used a multi-level appraacthat the relationship between the
opportunities to learn to teach mathematics andeidaming outcomes within and between the
institutions could be examined. This approach mapriate because it takes the context and the
clustered nature of the data into consideratior rEfationships within the institutions were set
at level 1, while the relationships between théituisons were set at level 2. That is, level 1
represented the relationships between the OTL ladutcome measures for the individual pre-
service teachers, as they differ from others at thstitution (the pre-service teachers as the uni
of analysis), while level 2 represented the retegiops between the OTL and the outcome
measures between the institutions or how the utglins differed from other institutions
(institutions as the unit of analysis). Therefonethe interpretation of the findings, the resuaits
level 1 were interpreted with respect to the indiial PSTs as they differ from other PSTs within
an institution, while the results at level 2 weanterpreted with respect to differences among the
institutions in the mean values for PSTs at eastitution. For example, the relationship
between listening to lecture presentation and MCle\zl 1 that gives a significant result can be
interpreted as “the more the PSTs experience kegasentationompared to other PSTs within
the institution the higher their MCKompared to other PSTs within the institutiamen other
factors are held constant.” However, whigtening to lecture presentatios set at level 2, then

the interpretation is “the institutions with a higtean value for “experienced lecture
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presentations,tompared to the mean value at other institutjdral higher average MCK
scorescompared to other institutiong;hen other factors are held constant.”

The models shown in the results include the undimmgil** model or one-way ANOVA
model, models of the background or control variglfgeender and socio-economic status), and
models showing the opportunities to learn to teaathematics including the control variables.
The control and the OTL variables, which are atldy were group-mean centered, while the
level 2 variables, which are the OTL and contraialales between institutions, were grand-
mean centered. The analyses were random-intercagelmwith fixed and random effects. The
fixed effects were the intercépand the slopé8 (or the coefficients of the independent
variables), while the random effects were the vares estimated. Note that the parameters in the
random part of the model equation can vary (Raugsemi& Bryk, 2002).

In the creation of the multivariate data matrix (mda list-wise deletion was performed
when the level 1 variables were included in the nfidkn The list-wise deletion dropped the
cases that had missing values in at least oneeddhcified variables. This procedure was
conducted automatically while using the hierarchiocgar modeling software (HLM) because
data cannot be introduced into the HLM softwaréhwitissing values at level 1. The missing
values at level 2 were replaced with the meankeVariables, and therefore all cases were
included at this level. One of the measures creatslysis of teaching and learningad a large

percentage of missing values at level 1 and thezdfee variable was only included at level 2

** The unconditional model provides “useful prelintipinformation about how much variation in the aute lies
within and between” institutions as well as promglthe reliability of each institution’s “sample ameas an
estimate of its true population mean” (Raudenbudrgk, 2002, p. 69)

“> The intercepts give the value of the averagetirn&in mean.

“ The value of the slope provides information akihatdirection of the relationship and is a coegfittithat
provides the difference in the predicted valueafioy unit change in the predictor when other facémesheld
constant. If the variable is categorical, the vaitithe slope represents the average differentieegpredicted value
between the reference and comparison group, whrem tectors are held constant. The slope valuestaren on
the tables with the models. The slopes are higtdifjvith a dagger symbol or stars to represent lvenghe
relationship is statistically significant.
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where the missing values were replaced with thensweathe variable in the institutions. The
findings, therefore, in chapters 5 and 6 are fergre-service teachers in the three countries with
no missing values at level 1.

The significance levels that were used for therpregation of the significant
relationships werepk.10 as marginally significant*p <.05 as significant, antf*p <.001 as
highly significant. The tables presented, therefeh®w the values of the slopes (see footnote
46) and the standard errbrégiven in parenthesis), and they highlight thendigant
relationships and their levels of significance.

5.2. Results

5.2.1. Unconditional MCK model.

The unconditional models for the MCK and MPCK aresented before the other
relationships are discussed. Table 14 shows thenaittonal model for MCK. The equation that
represents the unconditional model is:

Unconditional model:

MCKjj =yoo + Uojt i

yoo IS the average MCK across the institutiamgjs the group level effect and is the

individual (PST) level effect.

*" The standard error is a measure of the varialiliiy it shows how accurately the sample paramstenates the
population parameter (McHugh, 2008).
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Table 14:Unconditionalmodels for MCK for the three Countries

Variables United States (Gen) Russia Poland (Gen) Poland (Spec)

INTERCEPT 512.74%** 525.66*** 456.55%* 614.21***
(6.45) (9.30) (4.07) (9.53)

Variance components
Intercept ¢* 837.64 2911.88 588.21 0465
Level 1r 4161.41 4400.13 4045.33 7111.11
Icc* 0.167 0.398 0.127 0.175
Reliability 0.771 0.966 0.811 0.689
coefficient

Tp<.10, **p<.05, **p <.001

Table 14 shows that the average MCK score of thesR$Sthe United States was 512.74,
with 16.7% of the variation across institutionsg &38.3% of the variation within institutions. In
Russia, the average MCK score of the PSTs was 62uith 39.8% of the MCK variation
across institutions, and 60.2% of the variatiorhimiinstitutions. The average MCK score of
the PSTs in the generalist program in Poland w8238 with 12.7% of the MCK variation
across institutions, and 87.3% of the variatiorhimiinstitutions. Finally, the average MCK
score for the PSTs across the institutions in thlarlel specialist program was 614.21, with the
proportion of variance between institutions 17.59d within institutions 82.5%. In sum,
specialist programs in Poland posted the highesKMé&bre, while the Polish generalist
programs posted the lowest average MCK score.

5.2.2. Background Variables and MCK

Background factors were included in the study s tine differences in the outcome that

are influenced by these factors are controlled. firfitings of the significant relationships

* This value in the multi-level output is the varatiof the intercept. It is the variance compondrihe intercept.
In this study it is the variation of the average Ki€core.

9 The intra class correlation (ICC) is the value tjiges the percentage of total variation thatgsseen groups. In
this case it gives the percentage of variation betwthe teacher education institutions (Rauden&uBtyk, 2002).
If the value is high that indicates that the vaoiais mostly composed of the differences thattebésween the
groups, while a small group difference indicatest thost of the variation is due to individual difaces within
groups.
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between the opportunities to learn to teach mathiesnand the knowledge for teaching showed
that there was a gender difference in MCK scoresacall the countries, with female PSTs
scoring significantly lower than the male PSTs wttihe institutions in the three countries.
Further, there were significant relationships betw8ES and MCK, but these relationships
differed across the three countries. The equabothe multi-level models of the background
variables is:

Equation of the background variables (model 1)

Level-1 Model 1
MCKjj = foj + 1j*(FEMALE;) + f2*(YEARSOFRS + f3*(MORETHAN) + rj

Level-2 Model
Boi = oo + U
B1i =710

Bai =720

B3 =730

Equation of the background variables (model 2)

Level-1 Model
MCKj = fioj + i

Level-2 Model
Soi = 00 + yor*(MORETHAN) + yo2*(FEMALE) + y03*( YEARSOF$ + Ug;

The background variables considered in the stude We PSTs’ gender and their socio-
economic status, as indicated by their reportsaoémtal level of education (given in number of
years spent in school) (YEARSOF) and the numb&ooks in the hom@MORETHAN).

Table 15 presents a summary of the relationshipsdas the background variables and MCK.
Compared to the male PSTs’ MCK scores the femalesP&/erage MCK scores were
significantly lower by 29.31 points, when otherttas were held constant in the United States.

In Russia the average MCK score for the femalesi@&s2 points lower than that for the
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males. The same patterns were found for the PSTK Mcores in Poland, in that the females
in the generalist program had a significant 45.dihts lower than the males, and females in the
specialist programs had a significant 45.87 pdoiger than the males.

For the SES proxy variables, the results showesigraficant relationships with MCK
for parental level of education in any of the thceentries. The number of books in the home,
however, showed a significant positive relationshifn MCK in Poland (both programs). In
other words, PSTs in Poland who reported havingertiwain 100 books in the home had
significantly higher MCK scores. Specifically, omesage, the PSTs in Poland’s generalist
program who reported that they had more than 1@&$m the home had MCK scores 14.27
higher than those who had less than 100 booksewl& PSTs in the specialist program who

reported the same scored on average 39.96 pogtisrhtihan their counterparts.
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Table 15:Multi-level Model for the relationship between tieckground variables and MCK

Variables United States Russia Poland (generalists) Poland (specialists)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
INTERCEPT 517.52*%** 514 35*** 526.25***  525.55%** 456.84***  451.44*** 615.31***  613.99***
(7.10) (4.38) (12.17) (9.41) (4.24) (8.70) (10.13) (8.40)
Level 1
GENDER -29.31%** -16.52** - -45.11* - -45.87** -
(7.43) (6.89) (21.66) (17.06)
MORETHAN -4.50 1.72 - 14.27*** - 39.96** -
(6.55) (4.57) (4.23) (13.77)
YEARSOF 2.12 0.94 - -0.48 - 3.76% -
(1.06) (1.21) (1.16) (2.20)
Level 2
GENDER - 36.93t - 37.27 - 27.81 - 0.49
(18.38) (38.27) (30.68) (21.70)
MORETHAN - -4.13 - - - -9.60 - 41.96**
(9.62) (10.26) (17.68)
YEARSOF - 1.70 - - - 2.54 - 0.11
(4.43) (3.16) (0.31)
Variance Components
Interceptug 861.59 813.80 2924.23 2859 633.03 647.02 1682.88 1017.91
Level 1r 4188.88 4292.72 4371 4400 3927.93 4171.33 6673.36 7112.73
ICC 0.170 0.159 0.401 0.394 0.139 0.134 0.201 0.125
Reliability 0.772 0.778 0.965 0.97 0.802 0.819 0.682 0.604
coefficient

tp<.10,*p <.05**p <.001
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Between the programs, females had higher MCK scacesss institutions, with the
United States showing that the average MCK for femacross the institutions was significantly
higher than that for the male PSTs.

5.2.3. Opportunities to Learn to Teach Mathematicand MCK

The relationship between the OTL variables and8&s’ MCK were examined; the
results showed that across the three countriesendroup discussion was positively related to
PSTs’ MCK within the institutions in some of theutdries. The experiences that modeled non-
reform practices were negatively related to the PSICK in some of the countries. The
analysis shown in the following table summarizesredationships between (i) pedagogical
practices and the MCK, (ii) opportunities to le&ow to plan mathematics instruction and
MCK, and (iii) opportunities to learn mathematiostruction and MCK, in the three countries.
These analyses were used to test hypothesis Alsaght to answer sections of research

guestions 3, 4, and 5.

Hypothesis Al: The more pre-service teachers expence opportunities to learn to teach
mathematics that model reform-oriented instructionin their mathematics-related courses,
the more likely they will have higher mathematics antent knowledge, and the more they
experience models of non-reform oriented practiceghe lower their mathematics content
knowledge.
Pedagogical practices and MCK

A summary of the models showing the significanatiehships from the multi-level analysis of
the variables within and between the countriefiesvs in Tables 16 and 17. The research
guestion related to this analysis is “What is thlationship between the OTL to teach through

experiencing different pedagogical practices in # $fathematics education courses and their

content knowledge within and between the instingiy The equations representing these
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models are similar to those used for the relatigossbf the background variables. For this
analysis, the equations were:

Model 1

Level-1

MCK;; = foj +ﬁ1j*(MORETHAN) +[)’2j*(GENDER) +[)’3j*(YEARSOF§ +[)’4j*( ASKQUES) +
ﬂ5j*( WHOLD|SG1') + Fij

Level-2

Boj =00 + Ug;
P1j =710

Baj = 720

B3 =730

Baj = yao

Bsi = ys0
Model 2
Level 1

MCK;j = foj + f1*(MORETHAN) + f2*(FEMALE;) + S3*(YEARSOF + f4*(WHOLDISG) +
P57 (GRPWK) + B6i*( TCHMEDINS) + rjj

Level-2
Boj = 700 *+ Ugj
B =710
B2j = y20
B3i =30
Baj = ya0
Psj = 750
Bsj = v60

A description of Model 2 is such that level 1 miodgpresents the relationships between
MCK with regards to the pedagogical practices, gnedPSTs background characteristics within
the institutions and a random errgr The parameters are interpreted as follows:
Poj = Mean MCK achievement of the PSTs in instituion
p1=Mean difference between the MCK score of PSTs wéeimore than 100 books in their

home and those with less than 100 books.
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B2=Mean difference between the MCK score of the mafesfemales.

B3 =The degree to which differences in parental le¥edducation is related to the PSTs MCK
scores.

Paj =The degree to which differences in OTL to teach hmumatics through whole class
discussion is related to the PSTs MCK scores.

ps=The degree to which differences in OTL to teach hmatatics through group work
experiences

Psj =The degree to which differences in OTL to teachhmatatics through teaching sessions
using methods demonstrated by the instructor

For the level 2 modelsy; represents the residu@b(- yoo).

These variables were presented using differentetsooecause of the correlations that
were found among some of the variables. By usipgusdée models it was possible to “separate
out the predictive effects of each of the variabss that the resulting models did not have
collinear variables (Ott & Longnecker, 2001, p. YO8 the variables introduced in the same
model were highly correlated, then the overall tgsuld show significance, but the individual
tests would show no significance. This positiveuliesf the overall test would show that there
exists significance somewhere but the results wadd show which of the variables were

significant (Ott & Longnecker, 2001).
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Table 16:Multi-level Models of the Relationships betweend@edical Practices and MCK within the Institutions

Variables United States Russia Poland (Gen) Poland (Spec)
Modell Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model2
INTERCEPT 513.92** 513.60*** 526.27*** 527.10*** 457.00*** 457.91%* 614.29%** 614.59***
(5.99) (6.14) (9.21) (9.15) (4.23) (4.26) (9.58) (9.52)
GENDER -28.92*  -27.50** -16.52 -16.88 -45.76** -43.44** -43.75%** -42.19%**
(9.70) (10.55) (10.33) (10.52) (21.97) (21.87) (12.60) (12.39)
YEARSOF 1.77 2.25 0.98 0.77 -0.56 -0.69 -0.15 -0.21
(1.43) (2.39) (0.96) (0.93) (1.21) (2.09) (0.16) (0.17)
MORETHAN -5.50 -6.00 1.79 2.40 14.19*** 13.21 33.89** 31.89**
(4.69) (4.30) (3.70) (3.76) (4.18) (4.04) (10.38) (9.92)
Modeling reform-oriented practices
ASKQUES 4.33 - -0.12 - 2.00 - 4.09 -
(3.56) (3.04) (2.21) 6.15)
WHOLDISC - 12.04** - 2.13 - 6.28% - 12.46
(2.45) (2.83) (3.27) (8.00)
GRPWK - -4.06 - -4.83 - -0.26 - 1.17
(4.03) (3.00) (2.96) (5.54)
Modeling non-reform oriented pedagogical practices
TCHMEDINS - -1.84 - 2.53 - 1.48 - -15.40**
(2.64) (2.28) 2.19) (6.82)
LECTURE -6.30** - 4.78 - 2.67 - 4,92 -
(2.86) (3.94) (2.22) (5.47)
Variance components
Intercept g 773.40 786.79 2926.12 2846.69 626.97 639.61 1570.12 1543.75
Level 1r 3966.16  3987.82 4354.36 4355.93 3948.62 3815 6472.70 6366.69
ICC 0.16 0.164 0.40 0.40 0.137 0.14 0.20 0.20
Reliability 0.761 0.761 0.964 0.962 0.798 0.804 0.716 0.713
coefficient

tp<.10, *p<.05, **p <.001
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Modeling reform-oriented pedagogical practices witimstitutions

The reform-oriented practices that were includethis analysis were (Bsking
questionsASKQUES), (i)whole class discussiofMHOLDISC), and (iii)group work
(GRPWK). Table 16 shows that in the United Statesmore PSTs experiencetiole class
discussiorin their mathematics-related courses, the higher MCK scores. Similar findings
are shown for reports from the PSTs in the Polategalist programs. In particular, for every
unit increase in frequency of experiencing wholeugrdiscussion, there was a corresponding
increase of 12.04 marks in PSTs MCK (p<0.05) inUiné¢ed States. For the reform-oriented
pedagogical practicgroup workandasking questions)o significant relationships were found
with MCK within the programs in all three countries

Modeling non-reform oriented instruction within frigtions

The relationship between experiencing models of-redorm oriented practices and
MCK shows thatlistening tolecture presentation®ad a significant negative relationship for
PSTs in the United States. In other words, the nR8&slistened to lecture presentatiotise
lower their MCK; or for every unit increase in tliequency of listening to lecture presentations,
there was a corresponding decrease of 6.3 pointiseilPSTs’ MCK (p<0.05). This finding is
unique to the United States PSTs; the relationsbigveen listening to lecture presentation and
MCK in the other two countries was non-significamtd positive.Teaching a session using
methods demonstrated by their instructo”CKHMEDINS), showed a significant negative
relationship with MCK for the specialist programPoland, but was a non-significant positive
relationship for the generalist program. This nsetirat the more the specialist PSTs in Poland

experienced having opportunities in which they tdwgsession using methods demonstrated by
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their instructor, the lower their MCK. In the Urit&tates the relationship was negative, while in
Russia it was positive and not significant.

A summary of the relationships between the pedagbgractices and MCK between
institutions is shown on Table 17. The equations tfee relationships of the pedagogical

practices and MCK between the programs were:

Model 1

Level-1

MCK;j = fo; + fr*(MORETHAN) + Bo*(FEMALE;) + f3*( YEARSOFRS + 1
Level-2

ﬁOj =00t yo]_*(CLAD|S$) + yoz*(GRPWK) + Up;

B1j =710

Baj = y20

B3 =30

Model 2

Level-1

MCK;j = Bo; + B (MORETHAN) + fo*(FEMALE;) + f3*( YEARSOFS + 1

Level-2

foj = y00 + 70*(ASKQS] + 702" (MTHDTCHN) + yoa*(ANATL) + o

B1j =710
Baj =720
B3 =730
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Table 17:Multi-level Models of the Relationships betweend@edical Practices and MCK between the Institutions

Variables United States Russia Poland (generalists) Poland (specialists)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
INTERCEPT  514.85*** 513.14*** 522.90***  528.96*** 456.95*+* 456.90*** 614.38***  614.06%**
(5.32) (6.50) (8.84) (7.37) (4.19) (4.04) (9.15) (9.27)
Level 1
GENDER -28.48** -28.34 -16.52 -16.51 -45.23** -45.36** -42.23** -43.19**
(10.06) (10.03) (10.32) (10.32) (21.66) (21.63) (13.33) (13.30)
YEARSOF 2.20t 2.20t 0.94 0.94 -0.47 -0.47 -0.16 -0.16
(1.32) (1.31) (0.93) (0.93) 1.15) (1.15) (0.17) (0.17)
MORETHAN -6.03 -6.01 1.72 1.72 14.24%** 14.30*** 34.25* 34.04**
(4.35) (4.34) (3.57) (3.57) (4.24) (4.25) (10.64) 10.63)
Level 2
Modeling reform oriented
ASKQUES - -6.10 - 23.70 - 46.36** - 8.63
(19.98) (59.64) (18.77) (42.91)
WHOLDISC -47.321 - 12.64 - 25.81 - 0.09 -
79.27) (21.26) (34.71)
GRPWK 43.43* - 91.65 6.61 - 25.91 -
(21.53) (70.18) (15.90) (34.78)
Modeling non-reform
TCHMEDINS - -2.27 73.96** - -28.95 - -32.30
(21.59) (31.35) (19.39) (36.37)
LECTURE -10.67 75.92 - 25.34 - -47.21 -
(15.77) (50.13) (22.97) (67.99)
ANATL - 1.02 12.32 - -4.31 - 5.08
(5.42) (16.33) (4.22) (13.16)
Variance components
Intercept g 570.48 796.691 2640.29 2408.90 596.44 545.55 1380.36 1466.50
Level 1r 4046.16 4035.93 4371.29 4371.61 3928.36 3928.23 6506.38 6504.17
ICC 0.12 0.16 0.38 0.35 0.13 0.12 0.18 0.18
Reliability 0.704 0.764 0.961 0.957 0.792 0.778 0.689 0.702

coefficient

p<.10, **p<.05, **p <.001
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Modeling reform-oriented pedagogical practices M@K between institutions

Table 17 shows that in the United Stagesup workhad a positive significant
relationship with PSTs’ MCK between the institugoilthough the results in other countries
showed positive relationships between group wortk MK, they were not significant. The
results further showed a significant negative rehesthip betweemhole group discussioand
MCK. In other words, the more institutions modelduble class discussiothe less the average
MCK for the generalist PSTs in the United Statdse flesults for the other two countries showed
a positive relationship between whole group discusand MCK. For the pedagogical practice,
ask questionghe results showed a positive significant retslop with MCK between
institutions for the generalist programs in Polakar the other countries the relationships were
non-significant and were negative in the Unitedéta

Modeling non-reform oriented pedagogical practicel dCK between the institutions

For the PSTs in Russia, the more the pedagogiaatipeteaching using methods
demonstrated by the instructmrexperienced by PSTs between institutions, itpeen the
average MCK. This positive result was seen onltlierPSTs in Russia. For the United States
and the two programs types in Poland, the reshtiw/ed a negative relationship, although not
significant.

OTL how to plan mathematics instruction for concejatl understanding and MCK

The OTL how to plan mathematics instruction for agwtual understanding includes
three composite measurdg$). the analysis of learning goals (ANA_LRG), (mfroduction to
standards-based curriculum(INTR_SD), and (iii) meaningful learning experiences
(MEAN_LRN). The relationships between these measures and ME€swanmarized in Table

18 and Table 19, for within-institution relationghi and between-institution relationships,
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respectively. The equations for these relationshipee parallel to those shown in the previous
models.

The findings shown in Table 18, about the witmatitution relationship between PSTs
reports about learning how to plan mathematicsuetbn and their MCK, showed similar
patterns in the United States, Russia, and Polgarkfalist programs). Specifically, the
relationship between the composite measatspduction to standards-based curriculuamd
MCK was significant and positive for the generaR§Ts in Russia within institutions In other
words, the more the PSTs were introduced to stasdaased curriculum, the higher their MCK.
Also, the more the PSTs in the Poland generalegnam hadneaningful learning experiences
the higher their MCK. These relationships were {pasin the United States and in the Polish
generalist programs but were not significant. kergpecialist PSTs in Poland, the relationships
between these measures about learning to plamatisin showed a negative relationship with

MCK.
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Table 18:Multilevel Models of OTL how to plan Mathematicsttnction and MCK within the Institutions

Variables United States Russia Poland (generalists) Poland (specialists)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

INTERCEPT 513.45%**  513.27*** 526.49*** 526.07*** 458.43**  458.26*** 615.18** 614.86***
(6.23) (6.20) (9.18) (9.21) (4.14) (4.23) (10.12) (9.70)

Level 1

GENDER -28.47** -28.36** -17.51t -16.27 -50.40** -49.21** -42.74%* -44.34**
(10.00) (9.94) (10.45) (10.43) (21.91) (21.71) (16.63) (16.55)

YEARSOF 217t 2.19t 0.74 0.88 -0.47 -0.27 4.53** 3.47
(1.31) (1.32) (0.92) (0.97) (1.18) (1.21) (2.12) (2.18)

MORETHAN -6.35 -6.18 0.21 1.32 14.78*** 13.69** 41.18* 43.81**
(4.38) (4.41) (3.73) (3.60) (4.27) (4.21) (12.97) (13.84)

OTL how to plan mathematics instruction

INTR_SD 1.01 - 1.73% - 0.97 - -2.55 -
(1.12) (1.06) (1.14) (2.56)

MEAN_LRN - 0.61 0.89 2.43%+* -4 59***

(1.66)- (0.69) (0.73) (1.30)

Variance components

Intercept g 817.09 798.28 2935.54 2925 595.98 627.91 1670.76 1450.14

Level 1r 4027.96 4043.13 4310.10 4304.25 3872.67 3837.92 6597.46 6595.47

ICC 0.17 0.16 0.41 0.40 0.13 0.14 0.20 0.18

Reliability 0.767 0.763 0.964 0.965 0.79 0.800 0.681 0.652

coefficient

tp<.10, *p<.05, **p <.001
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Table 19 shows the relationships between OTL hoplan mathematics instruction and
MCK between institutions. The results show that¢hwas a significant positive relationship
between average PSTs reportsaoalysis of learning goalsndintroduction to standards based
curriculum,and their MCK scores between programs in RussiatHer words, the more the
programs provide opportunities for PSTatalyze learning goaland have received
introductions to standards-based curriculutime higher their MCK. The relationships of
variables related to OTL how to plan mathematissruction and MCK showed no significant

between-institution relationships in the Unitedt&eand Poland.
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Table 19:Multilevel models of OTL how to Plan Mathematicstiaction and MCK between the Institutions

Variables United States Russia Poland (generalists) Poland (specialists)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

INTERCEPT 513.55%*  513.24%*** 527.41%%* 524.24%** 456.82***  456.87*** 615.32*%*  615.37***
(5.89) (6.01) (8.36) (8.48) (4.29) (4.23) (10.13) (9.89)

Level 1

GENDER -28.32** -28.34** -16.52 -16.52 -45.12** -45.10%* -45.89** -45.74**
(10.02) (10.03) (10.32) (10.32) (21.66) (21.67) (17.02) (15.56)

YEARSOF 2.20t 2.20% 0.94 0.94 -0.48 -0.48 3.77t 3.76%
(1.32) (1.32) (0.93) (0.93) (1.16) (1.16) (2.20) (2.20)

MORETHAN -6.01 -6.01 1.72 1.72 14.27*** 14.27*** 39.97** 39.81**
(4.35) (4.35) (3.57) (3.57) (4.24) (4.24) (13.74) (13.78)

Opportunities to learn how to plan mathematics instuction

Level 2

ANA_LRG -14.31 - 28.90% - -1.04 - 0.95 -
(9.16) (15.59) (3.62) (10.33)

INTR_SD - 4.00 - 25.30% - 2.42 - -16.92

(10.05) (13.65) (4.64) (15.56)

MEAN_LRN - - - - - - -

Variance components

Intercept g 723.33 795.74 2689.41  2705.27 632.56 627.79 1683.61 1573.04

Level 1r 4036.12 4036.11 4370.86  4370.90 3927.87 3928.40 6672.95 6667.75

ICC 0.16 0.16 0.38 0.38 0.14 0.14 0.20 0.20

Reliability coefficient  0.748 0.764 0.962 0.962 0.801 0.800 0.682 0.668

tp<.10, **p<.05 ***p <.001
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OTL mathematics instruction and MCK

Within the programs, the results showed no sigaifiaelationships between the
opportunities to learn mathematics instruction BteK. Between the programs there were some
significant relationships, which are shown in Takle The results show that across the
institutions there were significant relationshiggvibeen the average PSTs’ report$eairning to
make distinctions between procedural aoaceptual knowleddger the PSTs in the Poland
specialist program. These relationships were negiashowing that an increase in the frequency
of learning to make distinctions between procedural aonceptual knowledgeas related to a
decrease in the average PSTs’ MCK between theadst@rograms in Poland. In the United
States there was a positive and significant relatig between the average PSTs’ reports about
learning to explain multiple strategiesd the PSTs MCKSimilar findings for this relationship

were found for the Poland generalist program.
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Table 20:Multi-level Models of Relationships between Oppaities to Learn Mathematics Instruction and MCKvbetn the

Institutions
Variables United States Russia Poland (generalists) Poland (specialists)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
INTERCEPT  515.82**  512.80*** 522.13** 525,28%** 456.96***  456.80*** 614.15***  613..48***
(5.89) (5.88) (8.65) (9.09) (4.07) (4.23) (9.54) (8.33)
Level 1
GENDER -28.25** -28.30** -16.52 -16.51 -45.26** -45.09** -43.12** -43.04**
(10.04) (10.03) (10.32) (10.32) (21.63) (21.65) (13.32) (13.37)
YEARSOF 2.20+ 2.21+ 0.94 0.94 -0.47 -0.48 -0.16 -0.16
(1.32) (1.32) (0.93) (0.93) (1.16) (1.15) (0.17) (0.17)
MORETHAN -6.02 -6.00 1.72 1.72 14.27** 14.26*** 34.05* 33.61*
(4.36) (4.35) (3.57) (3.57) (4.23) (4.24) (10.62) (10.66)
Level 2
Opportunities to learn mathematics instruction for conceptual understanding
AVEREXPL 36.257 - 43.33 - 28.91** - -8.68 -
(20.01)- (30.05) (13.38) (19.31)
MKDIS - 16.53 - 49.99 - -5.64 - -85.63**
(11.92) (48.56) (11.36) (35.81)
Variance components
Intercept g 651.44 730.41 2771.32 2844.61 552.42 632.99 1552.00 1062.32
Level 1r 4038.75 4038.71 4371.21 4371.04 3928.58 3927.55 6506.21 6501.79
ICC 0.14 0.15 0.39 0.39 0.12 0.14 0.19 0.14
Reliability 0.729 0.749 0.963 0.964 0.780 0.802 0.713 0.633
coefficient

p<.10, **p<.05, **p <.001
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5.2.4. Unconditional MPCK models

The other component of the knowledge for teachiathematics was mathematics
pedagogical content knowledge. The relationshipséden the opportunities to learn to teach
mathematics and MPCK explored in this section idelthose between (i) pedagogical practices
and MPCK, (ii) opportunities to learn how to plam mathematics instruction for conceptual
understanding and MPCK, and (iii) opportunitiesearn mathematics instruction and MPCK.
The unconditional models for MPCK and the relatlops of the background variables are first
shown within and between institutions, and therheaddhe relationships with MPCK are
discussed. These models were multi-level modelghich variables were introduced at level 1
and level 2, as in the previous section. Tabler2sents results for the unconditional model of
the MPCK within the three countries.

Table 21:Unconditional Models of MPCK across the three Coesst

Variables United Russia Poland Poland
States (generalists)  (specialists)
INTERCEPT  543.65*** 507.15%** 452.69%** 573.92%**
(5.02) (6.46) (5.69) (7.35)
Variance components
Intercept g 335.51 1910.03 1159.98 855.92
Level 1r 4186.61 4205.03 7200.77 4663.56
ICC 0.0002 0.312 0.139 0.155
Reliability 0.595 0.952 0.825 0.659
coefficient

tp<.10, **p<.05 ***p <.001

Table 21 shows that the average MPCK score for RSife United States was 543.65,
with 0.02% of the proportion of variation betweastitutions and 99.98% of the variation within
institutions. In Russia the average MPCK scoréefRSTs across the institutions was 507.15,
with 31.2% of the proportion of variance betweem ithstitutions and 68.8% of the variation
within institutions. The average MPCK score of P8Tthe generalist program in Poland was
452.69, with 13.9% of the MPCK variation betweea ithstitutions and 86.4% of the variation

within the institutions. Finally, the average MPG&ore of the PSTs across the specialist
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programs in Poland was 573.93, with 15.5% of tlupertion of variance between the
institutions and 84.5% of the variation within thstitutions.

5.2.5. Background variables and MPCK.

A summary of the within-institution relationshipstiveen the background variables and
MPCK is shown in the top half of Table 22. The tesshow that there was no significant
relationship, between gender and PSTs’ MPCK adtasthree countries. For the SES factors, in
the United States and the Polish specialist progrdmere was a significant positive relationship
between the parental level of education and thesPEPCK, while in Russia, it was a negative
significant relationship. In other words, the heglthe PSTs’ parents level of education, the
higher their MPCK in the United States and the $fo$ipecialist programs. For the SES proxy
variablenumber of books in the honteywever, the results show a positive significant
relationship with MPCK in Russia and the gener&iSTs in Poland and positive non-significant

relationships in the United States and the Politialist programs.
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Table 22:Multilevel models of Relationship between BackgdoMariables and MPCK within and between Institusion

Variables United States Russia Poland (generalists) Poland (specialists)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
INTERCEPT 541.16*** 541.18*** 507.32**  507.08*** 452.76***  453.78** 575.12%**  573.95%**
(4.72) (3.34) (6.47) (7.05) (5.89) (11.43) (8.00) (7.06)
Level 1
GENDER -5.18 - 3.70 - -25.46 -18.02 -
(6.31) (10.40) (18.87) (12.80)
YEARSOF 2.59** - -1.55** - -0.63 4,061 -
(1.23) (0.78) (1.74) (2.30)
MORETHAN 3.07 - 6.86** - 11.02** 3.08 -
(3.73) (3.16) (5.60) (8.88)
Level 2
GENDER - 23.84% - - - 72.24% - 13.63
(12.09) (40.29) (15.46)
YEARSOF - 0.79 - 1.65 - 0.10 - 0.01
(2.78) (2.31) (4.14) (0.14)
MORETHAN - 2.60 - 22.83 - -4.30 - 16.84
(8.19) (13.81) (13.48) (15.09)
Variance components
Intercept y 366.10 285.88 1925.09 1615.06 1230.89 1127.04 980.52 738
Level 1r 3831.01 4309.18 4076.87 4134.82 6939.27 6940.54 4760.58 4666.50
ICC 0.08 0.06 0.32 0.29 0.15 0.14 0.17 0.14
Reliability 0.625 0.574 0.951 0.945 0.816 0.825) 0.639 0.626
coefficient

tp<.10, **p<.05 ***p <.001
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Between the institutions, the average female MPQ¥eswas significantly higher than
the average male score in the United States atietiRoland generalist program.

5.2.6. Opportunities to Learn to Teach Mathematiceand MPCK

Similar to the relationships examined for OTL an@K, this section shows the
relationships between OTL to teach mathematicsMiRG@K. The hypothesis tested for these
relationships sought to answer parts of questiods 8nd 5:
Hypothesis A2: The more pre-service teachers experce frequent opportunities to learn
to teach mathematics that focus on reform-oriente@pproaches in their mathematics-
related courses, the more likely they will have aigher mathematics pedagogical content
knowledge and the more they have opportunities teehrn to teach that focus on models of

non-reform oriented approaches the lower their matematics pedagogical content
knowledge.

Pedagogical practices and MPCK

To test the relationships between the pedagogreatipes the pre-service teachers
reported they experienced and their relationslupgdPCK, and to answer the of research
question 3, “What is the relationship between tAd @ teach through experiencing different
pedagogical practices in PSTs’ mathematics edutabtarses and their mathematics
pedagogical content knowledge,” multi-level mode&se used. The results of the within-

institution analyses are shown on Table 23
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Table 23:Multi-level Model of the Relationships betweenReelagogical Practices and MPCK within the Instibats

Variables United States Russia Poland (generalists) Poland (specialists)
Model 1  Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
INTERCEPT  541.69** 542.09*** 507.20*** 507.34%** 453.07***  A453.45*** 574.25%** 574 .52%**
(4.52) (4.62) (6.60) (6.37) (5.87) (5.88) (7.35) (7.35)
Level 1
GENDER -5.25 -3.86 3.37 3.69 -26.70 -22.69 -19.72 -21.14%
(6.18) (6.11) (10.48) (10.59) (18.09) (18.26) (12.68) (12.59)
YEARSOF 2.42%* 2.161 -1.37 -1.56%* -0.67 -1.06 -0.12 -0.13
(2.12) (1.19) (0.89) (0.73) (1.74) (1.60) (0.12) (0.13)
MORETHAN 3.51 2.78 6.061 5.41 11.067% 9.63 7.93 5.93
(3.78) (3.97) (3.28) (3.52) (5.71) (5.96) (7.53) (6.91)
Level 2
Reform oriented
ASKQUES 0.03 - 5.44** - 2.23 - 10.98** -
(3.18) (1.82) (3.56) (4.52)
WHOLDISC - -2.42 - 6.86** - 7.67** - 18.69**
(2.21) (3.64) (7.13)
GRPWK - -0.81 - -0.97 - -2.47 - -1.70
(4.79) (2.79) (3.35) (5.02)
Non-reform
TCHMEDINS - -2.33 - 4.40 - 2.78 - -5.51
(2.93) (3.32) (3.37) (5.48)
LECTURE -1.76 - 1.93 - 4.67 - 3.34 -
(4.60) (4.84) (4.97) (3.84)
ANATL - - - - - -
Variance components
Intercept y 346.94 350.53 1968.80 1872.89 1217.18 1219.30 875.84 875.51
Level1r 3807.06 3800.62 4042.77 4005.15 6934.31 6867.48 4445.79 4381.99
ICC 0.08 0.08 0.32 0.32 0.15 0.15 0.16 0.17
Reliability 0.615 0.614 0.952 0.948 0.813 0.812 0.674 0.674
coefficient

tp<.10, **p<.05 ***p <.001
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Table 23 shows thatvithin the institutions, the pedagogical practideole group
discussiorhad a positive significant relationship with th&T®’ MPCK in Russia, and in both
programs in Poland: the more the PSTs had suchriypyittes, the higher their MPCK. In
addition, the PSTs’ reports about the frequencgstiing questions their mathematics methods
courses showed a significant relationship with PMRCK in Russia. Similar findings were
shown for the specialist programs in Poland. Themdorm oriented practices, however,
showed no significant within-institution relatiomgs with the PSTs’ MPCK across the three
countries.

An analysis of the relationships between the ped@agl practices and MPCK by
institution was done using multilevel models, inie¥hthe background variables were set at level
1 and the pedagogical practices were set at levelszimmary of the models with significant
relationships is shown in Table 24.

Modeling reform-oriented pedagogical practices witthe institutions

Different relationships were significant in thedé countries. Specifically, for PSTs in
Russia, reports showed that an increase in thedrexy of asking questions corresponds to a
decrease in the PSTs’ MPCK between the institutiGosiversely, for the generalist PSTs in
Poland, the results showed that the more the P®¥e able to ask questions in their
mathematics-related courses, the higher their geeddPCK scores. In the United States the
relationships in the between-institution modelsedbrm oriented practices and MPCK were
non-significant and for whole class discussion,diga was opposite to that of the other
countries.

The pedagogical practi@nalysis of teaching and learnirsipowed that, looking at the

variability across the programs in Russia, thers avpositive significant relationship between

139



experiencing this practice and their MPCK. In otiwerds, the more the programs included
opportunities for analyzing and reading teaching l@arning mathematics, the higher the

average MPCK scores.
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Table 24:Multi-level models oRelationships between the Pedagogical PracticesMREK between the Institutions

Variables United States Russia Poland (generalists) Poland (specialists)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

INTERCEPT 540.49*** 541.33*** 508.34*** 505.53*** 452.79%** AR T4*** 573.83***  574.14***
(4.93) (4.02) (6.00) (6.83) (5.72) (5.93) (7.08) (7.35)

Level 1

GENDER -5.15 -5.27 3.71 3.71 -25.74 -25.50 -19.57 -19.70
(6.31) (6.35) (10.40) (10.40) (18.88) (18.87) (12.94) (12.97)

YEARSOF 2.59** 2.58** -1.55%* -1.55 -0.62 -0.63 -0.13 -0.13
(1.24) (1.24) (0.78) (0.78) (1.74) (1.74) (0.11) (0.11)

MORETHAN 3.08 3.09 6.87** 6.87** 11.05** 11.04** 9.27 9.52
(3.73) (3.74) (3.16) (3.16) (5.61) (5.61) (7.24) (7.24)

Level 2

Modeling reform oriented practices

ASKQUES 10.10 -74.91%* - 51.88% - -39.34 -
(12.70) (34.80) (27.51) (26.03)

WHOLDISC - -24.99 - 10.74 - 12.64 - 3.25

(16.30) (79.11) (28.24) (23.10)
GRPWK - 27.85 - 69.44 - -20.50 - 1.86
(19.28) (56.63) (18.87) (24.28)
Modeling non-reform oriented practices
TCHMEDINS 10.90 - 31.86 - -5.74 -
(23.62) (22.74) (25.24)
LECTURE - 20.67 - 4.04 - -13.58
(39.52) (29.27) (52.32)
ANATL 34.96** - -6.06 - 6.07 -
(11.78) (5.29) (8.18)

Variance components

Intercept g 351.02 217.03 1616.43  1796.97 1127.13 1220.58 805.77 863.65

Level 1r 3830.34 3848.53 4077.12  4077.44 6938.66 6938.79 454561 4547.18

ICC 0.08 0.05 0.28 0.30 0.14 0.15 0.15 0.16

Reliability 0.616 0.508 0.942 0.948 0.803 0.815 0.651 0.666

coefficient

tp<.10, **p<.05 ***p <.001
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Modeling non-reform oriented pedagogical practibesween institutions

Table 24 shows different between-institution relaships betweelistening to lecture
presentationgind MPCK in the three countries. In the United&dtafor example, the
relationship between this variable and PSTs’ MPGi§ wignificant and negative. Similar
patterns of this relationship were seen with thecsgist programs in Poland. However, in
Russia and the generalist PSTs’ programs in Potaedgsults showed that the relationships
betweerlistening to lecture presentatiand MPCK were positive (though not significantly so
across the teacher preparation programs.

Planning mathematics instruction and MPCK

A summary of the models with the significant withinstitution relationships between the
opportunities to learn how to plan mathematicsrutsion for conceptual understanding and

MPCK are presented in Table 25.
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Table 25:Multi-level Models of Relationships between OTL howlan Mathematics Instruction and MPCK withir timstitutions

Variables United States Russia Poland (generalists) Poland (specialists)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

INTERCEPT 541.37*** 541.02%** 508.08***  507.18*** 456.06*** 454 11*** 574.86%**  574.71%*
(4.59) (4.73) (6.41) (6.64) (5.78) (5.85) (8.12) (7.95)

Level 1

GENDER -5.33 -4.69 1.53 2.96 -27.71 -28.88 -15.98 -17.43
(6.46) (6.53) (10.87) (10.83) (20.36) (19.37) (12.85) (13.00)

YEARSOF 2.78* 2.59** -1.63 -1.44% -0.71 -0.40 4.73** 5.00**
(1.21) (1.25) (0.80) (0.86) (1.74) (1.81) (2.04) (2.12)

MORETHAN 2.77 3.11 6.35t 6.72 11.57t 11.07t 4.95 3.13
(3.72) (3.70) (3.32) (3.18) (5.96) (5.85) (9.53) (9.21)

ANA_LRG 2.32 - 0.14 - -0.32 - 1.22 -
(1.25)- (1.44) (1.28) (2.21)

INTR_SD - - - - - - - -

MEAN_LRN - 0.36 - 1.57* - 3.24** - 1.41

(1.10) (0.76) (1.02) (1.73)

Variance

Components

Intercept ¥ 343.29 365.68 1909.29 1967.02 1158.15 1216.20 1004.17 958.20

Level 1r 3803.90 3833.71 3979.54 4023.35 6808.79 6734.96 4794.70 4762.17

ICC 0.08 0.09 0.32 0.33 0.15 0.15 0.17 0.18

Reliability 0.609 0.624 0.950 0.952 0.798 0.815 0.636 0.632

coefficient

tp<.10, **p<.05 ***p <.001
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Table 25 shows that the United States, the opportunity to learn hoylan
mathematics instruction composite measanalysis of learning goalshowed a significant
positive relationship with the PSTs’ MPCK withiretimstitutions. In other words, the more the
PSTs had opportunities to learn en®alysis of learning goals their mathematics methods
courses, the higher their MPCK. In Russia and tarR®l generalist programs, there was a
significant positive relationship between repotisat learningneaningful learning experiences
and the PSTs MPCK: the more the PSTs’ learned bgvein mathematics instruction for
conceptual understanding by having frequent oppdrés to learrmeaningful learning
experiencesthe higher their MPCK scores.

The relationships between the OTL how to plan nratitees instruction and MPCK
between the institutions is shown in Table 26. €88 shows thdietween the institutions in the
United States, the opportunities to learn to plath@mmatics instruction were significantly
related to the PSTs’ MPCK. In particular, the ager®STs’ reports about frequency of the
analysis of learninggoalsandmeaningful learning experiencebowed that the more often the

PSTs in the United States had such opportunitieshigher their MPCK.
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Table 26:Multi-level Relationships of OTL how to Plan Matlaits Instruction and MPCK between the institutions

Variables United States Russia Poland (generalists) Poland (specialists)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
INTERCEPT 541.29%** 541.38*** 507.93***  506.69*** 452.67** 452 75%* 575.06*** 575.03***
(4.30) (4.35) (6.64) (6.21) (5.92) (5.93) (7.89) (7.59)
Level 1
GENDER -5.10 -5.05 3.71 3.70 -25.50 -25.47 -17.91 -17.81
(6.30) (6.30) (10.40) (10.40) (18.87) (18.87) (12.80) (12.82)
YEARSOF 2.59** 2.58** -1.55%* -1.55%* -0.63 -0.63 4.05% 4.06%
(1.23) (1.24) (0.79) (0.78) (1.74) (1.74) (2.30) (2.31)
MORETHAN 3.09 3.12 6.86** 6.87** 11.03* 11.03** 2.97 2.80
(3.73) (3.73) (3.16) (3.16) (5.59) (5.60) (8.91) (8.92)
Level 2
ANA_LRG 12.44% - 16.02 - -3.83 - -6.21 -
(6.59) (11.31) (3.91) (7.94)
INTR_SD - - - - - - - -
MEAN_LRN - 9.79t - 8.71 - -0.44 - -10.82
(5.44) (8.72) (3.28) (7.49)
Variance components
Intercept g 295.30 305.95 1849.80 1895.83 1219.26 1230.89 948.83 840.47
Level 1r 3835.44  3834.68 4076.98 4076.92 6939.36 6939.24 4762.43 4761.76
ICC 0.07 0.07 0.31 0.32 0.15 0.15 0.17 0.15
Reliability 0.578 0.586 0.949 0.950 0.815 0.816 0.632 0.605
coefficient

tp<.10, **p<.05 ***p <.001
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Opportunities to learn mathematics instruction f@onceptual understanding and
MPCK

Multi-level models of the significant relationshipstween OTL mathematics instruction
for conceptual understanding and MPCK within antivieen institutions in the three countries
are shown in Tables 27 and 28. These models sdagimiswer part of research question 5, “
What is the relationship between the OTL to teackthmmatics instruction for conceptual
understanding and PSTs’ mathematics pedagogicaémbknowledge within and between the

institutions in the three countries?”
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Table 27:Multi-level Models of the Relationships between ONTathematics Instruction for Conceptual Understagdand MPCK

within the Institutions

Variables United States Russia Poland (generalists) Poland (specialists)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
INTERCEPT 513.38*** 513.21*** 507.92*** 507.76*** 454 .89***  453.58*+* 573.31**  573.71%**
(6.22) (6.19) (6.48) (6.49) (5.57) (5.82) (7.34) (7.30)
Level 1
GENDER -28.12**  -28.34** 0.37 2.17 -27.57 -30.57 -19.18 -18.97
(10.56) (10.06) (10.58) (10.38) (19.40) (19.07) (12.95) (13.31)
YEARSOF 2.28% 2.27t -1.72%* -1.64** -0.72 -0.58 -0.11 -0.14
(1.34) (1.34) (0.81) (0.79) 1.77) (1.73) (0.11) (0.12)
MORETHAN -6.18 -6.07 6.96** 6.89** 12.92** 12.45* 10.19 9.73
(4.51) (4.57) (3.32) (3.22) (5.86) (5.84) (7.24) (7.67)
MKDPROC -2.55 - -1.24 - 6.42%* - -3.36 -
(4.54) (2.52) (3.03) (4.67)
PROWRK - 1.95 - 0.81 - 6.23** - 5.38
(5.14) (1.78) (2.36) (3.74)
MSOSTR -1.64 - 0.35 - -3.41 - -4.36 -
(3.90) (2.05) (3.49) (5.57)
Variance components
Intercept y 809.16 799.71 1915.26 1924.10 1074.30 1197.23 865.06 851.41
Level 1r 4032.82  4041.19 4037.73 4025.36 6753.10 6864.03 4517.32 4548.76
ICC 0.17 0.17 0.32 0.32 0.14 0.15 0.16 0.16
Reliability 0.764 0.763 0.950 0.951 0.796 0.811 0.655 0.661
coefficient

p<.10, **p<.05, **p <.001
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Table 27 shows thathere were significant positive within-institutiorelationships
between learning mathematics instruction and MP@khe Poland generalist program for the
opportunities for (iJearning why procedures wodnd (ii)learning to make distinctions between
procedural and conceptual knowledgin particular, the more the PSTs had these expezs,
the higher their MPCK within the institutions iretiPolish generalist programs. The relationships
betweenlearning why procedures worknd MPCK were positive but non-significant, and th
relationship between the OTL tmake distinctions between procedural and conceptual
knowledgewnere negative and non-significant in the othemtones within the institutions.

The relationships between institutions are preskente Table 28 In Poland (both
programs) between the institutions, the more opindties the PSTs had for learning ritake
distinctions between procedural and conceptual Kadge the lower their MPCK Unlike In
contrast, the other countries showed positive ioelahips between this OTL and MPCK,
although they were not significant.

In the United States, the findings from the averB$Is reports between the institutions
showed that the more the PSTs had opportunitiésata toexplain multiple solution strategies,
the higher their average MPCK score. The same ipesielationships were consistent in all

three countries although the relationships weresigstificant in Russia and Poland.
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Table 28:Multi-level models of the Relationships between ®HEthematics Instruction for conceptual understaigdand MPCK

between the Institutions

Variables United States Russia Poland (generalists) Poland (specialists)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
INTERCEPT  515.82** 512 79%* 504.978**  506.97*** 452.85** 452 .56*** 574.13*** 573.55%*
(5.89) (5.88) (5.90) (6.16) (5.82) (5.81) (7.31) (6.62)
Level 1
GENDER -28.24*  -28.30** 3.71 3.71 -25.57 -25.41 -19.78 -19.52
(10.03) (10.03) (10.40) (10.40) (18.86) (18.85) (12.94) (12.99)
YEARSOF 2.20% 2.20% -1.55** -1.55%* -0.63 -0.62 -0.13 -0.13
(1.32) (1.32) (0.78) (0.78) (1.74) (1.73) (0.11) (0.11)
MORETHAN -6.02 -6.00 6.87** 6.87** 11.03** 11.02** 9.51 9.21
(4.36) (4.36) (3.16) (3.16) (5.59) (5.59) (7.23) (7.25)
Level 2
MKDPROC - 16.53 - 17.87 - -28.01t - -55.64**
(11.91) (44.56) (14.08) (26.01)
MSOSTR 36.257 - 24.70 - 23.92 - 10.10 -
(20.01) (28.31) (20.64) (10.90)
Variance
Components
Intercept g 651.44 730.40 1870.70 1914.00 1175.77 1188.62 853.22 669.72
Level 1r 4038.75  4038.71 4077.21 4076.93 6939.62 6937.10 4549.03 4542.81
ICC 0.14 0.15 0.31 0.32 0.14 0.15 0.16 0.13
Reliability 0.729 0.749 0.949 0.951 0.809 0.811 0.663 0.610
coefficient

p<.10, **p<.05, **p <.001
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5.3. Discussion

For the United States, two significant results € within institutions and one between
institutions --are consistent with the notion thlhg more PSTs experience approaches to
learning to teach that focus on reform-orientedficas through modeling and introduction to
related activities, the more likely their matherogaitontent knowledge is increased (Hypothesis
Al). For this nation, there was a positive sigmifitrelationship between whole group
discussion and MCK, and a negative relationship/éen listening to lecture presentations and
MCK within the institutions. Also, between the iistions there was a positive significant
relationship betweegroup workand MCK.

Between-institution results for some practicesh@a United States also showed support
for the notion that the more the OTL to teach mehigcs focused on reform oriented instruction
through modeling these practices and introducimgRBTs to related activities, the more likely
the PSTs mathematics pedagogical content knowledgeincreased (Hypothesis A2). There
was a negative significant relationship betwdeature presentationsand MPCK between
institutions. Further, the significant relationshipetween opportunities to learn how to plan
mathematics instruction for conceptual understamnéiyn learning the analysis of learning goals
and learning meaningful learning experiences shopasitive between-institution relationships
with MPCK between the institutions. Finally, thgmsificant results for the relationships between
learning mathematics instruction and MPCK showeaapstt for Hypothesis A2 for the variable
explainmultiple solutions strategidga the United States

In Russia, the results supporting hypothesis Aledany the program features and were
inconclusive. The pedagogical practices that mabiete-reform oriented practices between the

institutions showed evidence against HypothesisThk. significant measures used to represent
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opportunities for learning how to plan mathemainsdruction for conceptual understanding,
however, showed positive between-institution relahips with MCK, thus showing support for
Hypothesis Al.

In Russia the OTL to teach mathematics and MPCHKvsldasupport for Hypothesis A2
within the institutions, while some of the relatstips between the institutions contradicted it.
The pedagogical practicegole group discussioasking questionand learningneaningful
learning experiencem the planning of mathematics instruction witmstitutions were
positively related to MPCK. Further, the practi¢eanalysis and reading of teaching and
learning mathematicsupported Hypothesis A2, but the modeling of g#ferm-oriented
pedagogical practicasking questionwas negatively related to the average MPCK between
institutions. These findings call for further argbyof the relationships between pedagogical
practices and MPCK so as to ascertain what modééaohing the PSTs have opportunities to
read and analyze the teaching and learning of methes and the mode of asking questions in
their mathematics education courses.

In Poland the support for hypothesis Al varied thg program type and program
features. Different relationships between the pedmagl practices and MCK were found for
PSTs in the generalist and specialist programthdrgeneralist program the significant findings
showed support for Hypothesis Al, because the nragef the reform-oriented practicehole
class discussionyas positively related to MCK within the institois. Further, the significant
relationships between the measures for learning toplan mathematics instruction showed
support for Hypothesis Al between the institutiohecause the measulearning multiple
solution strategiesn the Poland generalist program was positivelgtesl to the average MCK.

In the specialist programs, the findings for maaglinon-reform oriented practices showed
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support for Hypothesis Al, because the practe&ching a session using methods demonstrated
by the instructarshowed a negative relationship with MCK. For Bedand specialist program,
however, the significant results for the opportesitto plan and learn mathematics instruction
for conceptual understanding between institutionew®d evidence against Hypothesis Al,
becauselearning to makedistinctions between procedural and conceptual Kedge and
planning mathematics for conceptual understandingughopportunities to learn meaningful
learning experienceshowed a relationship that was opposite to Hymgh@l. In both
programs, the significant findings showed some etpfor Hypothesis A2 on the pedagogical
practices modeling of the reform-oriented practiwbple class discussiothat was positively
related to MPCK within the institutions. The OTLvhao plan mathematics instruction through
meaningful learning experiencesind learning mathematics instruction for concdptua
understanding throughearning to explain why procedures womknd learning to make
distinctions between procedural and conceptual kadge showed support for Hypothesis A2
because of the significant positive relationshgp8MCK within generalist programs. Likewise,
the Polish specialist programs, the modeling of réferm-oriented practicasking questions
showed support for the hypothesis A2 within thetifnBons, while in the Poland generalist
program the relationship between asking questionis MPCK showed support for hypothesis
A2 between the institutions. However, the OTL math#&cs instruction througkearning to
make distinctions between procedural and conceplumwledgeshowed evidence against
Hypothesis A2 because of the negative relationsbipMPCK between institutions for both

programs.
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CHAPTER 6
WITHIN-COUNTRY ANALYSES OF RELATIONSHIPS BETWEEN OP PORTUNITIES
TO LEARN TO TEACH MATHEMATICS AND PRE-SERVICE TEACH ERS’ BELIEFS
ABOUT LEARNING MATHEMATICS

6.1. Model Specification

In this chapter, multi-level models of the relagbips between opportunities to learn to
teach and pre-service teachers’ beliefs aboutilggumathematics within and between
institutions within three countries are presented discussed. This chapter reports on answers to
parts of the research questions 3, 4, and 5 teasfon pre-service teachers’ beliefs about
learning mathematics. The research questions asties this chapter are:

RQ3: What is the relationship between the OTL #&xhethrough experiencing different
pedagogical practices in PSTs’ mathematics edutatiol teacher education courses and their
beliefs about the nature of learning mathematics:

e Within and between the teacher education institistio Poland?

e Within and between the teacher education instistio Russia?

e Within and between the teacher education institistio the United States?
RQ4: What is the relationship between the OTL #&xkethrough different approaches to learning
how to plan mathematics instruction for conceptualerstanding and PSTs’ beliefs about the
nature of learning mathematics:

e Within and between the teacher education instistio Poland?

e Within and between the teacher education instistio Russia?

e Within and between the teacher education instibstio the United States?
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RQ5: What is the relationship between the OTL &xkethrough the introduction to learning
mathematics instruction for conceptual understagdimd PSTs’ beliefs about the nature of
learning mathematics:

e Within and between the teacher education instistio Poland?

e Within and between the teacher education instistio Russia?

e Within and between the teacher education institistio the United States?

The opportunities to learn to teach mathemasqggrasented in the research questions
include (i) pedagogical practices experiencedjé€ayning how to plan mathematics instruction;
and (iii) learning mathematics instruction accogdia the pre-service teachers’ reports. The
nature of the pre-service teachers’ beliefs almarning mathematics, were classified as either
inquiry beliefs or non-inquiry beliefs. PSTs whdmdiefs about learning mathematics were
inquiry-oriented would indicate agreement with etaénts such as (i) it is important to
understand why the answer is correct, (ii) studehtsild be encourage and allowed to figure out
ways to solve mathematics problems even if thetieols are inefficient, (iii) time spent
investigating why a solution in mathematics worksvell spent, (iv) students can learn to solve
mathematics tasks without the teacher’s help, gnhd is helpful for students to discuss different
ways to solve problems (Brese & Tatto, 2012). Intast, PSTs whose beliefs are non-inquiry
oriented would indicate agreement with statememth s1s (i) mathematics involves
memorization of formulas, (ii) students should &aght exact procedures, (iii) it does not matter
if students do not understand the problem if theay get the right answer, (iv) students learn best
by attending to the teacher’s explanations, (v) leass should be on getting the correct answer,

(vi) non-standard procedures interfere with therlew of the correct procedure, (vii) solving
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equations quickly is important, and (viii) handsqmocedures are not worth the time and
expense (Brese & Tatto, 2012).

The models presented are the models developededterg that the OTL to teach
mathematics variables and measures that are irteddn the models are not highly correlated at
both level 1 and level 2. The models created andasi to those created in the previous chapter,
but the outcomes are the belief measures insteldosfledge for teaching mathematics. The
chapter first shows the relationships between Qilteach mathematics and non-inquiry beliefs
about learning mathematics. Second, similar retatigps are presented and discussed between
the OTL to teach mathematics and inquiry beligidodth these sections, the unconditional
models, the models between the relationships odb#o&ground variables and PSTs’ beliefs, the
hypotheses to be tested, and the models betweent@€hach mathematics and the PSTs’
beliefs measures will be discussed for the thremizees, Poland, Russia, and the United States.
In each case, results are presented for both kgoreships within institutions and between
institutions (i.e., prediction of relationshipstween individual PSTs and individual institutions,
respectively).

6.2. Results

6.2.1. Unconditional Non-inquiry Beliefs about Leaning Mathematics model.

The unconditional models are presented and disddes¢he non-inquiry beliefs and the
inquiry beliefs about learning mathematics. TallesBows the unconditional model for the non-
inquiry beliefs about learning mathematics. Therage non-inquiry beliefs about learning
mathematics were lower for the PSTs in the UniteedeS and the Poland specialist programs
compared to the average non-inquiry beliefs ab®arnling for the PSTs in Russia and the

Poland generalist programs.
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Table 29 shows that the average non-inquiry beliefe across the institutions in the
United States was 20.94, with 13.7% of the propartf variance between institutions, and
86.3% of the variance within institutions. In Rasgshe average non-inquiry belief score across
the institutions was 24.96, with 11.8% of the pntjom of variance between institutions, and
88.2% of the variance within institutions. For tfeneralist PSTs in Poland, the average non-
inquiry belief score was 24.75, with 13% of thegodion of variance between institutions, and
87% of the variance within institutions. The awgraon-inquiry belief score for the PSTs in the
Poland specialists programs was 20.17, with 10#eproportion of variance between
institutions and 90% of the variance within indittas. In sum, PSTs in the United States and in
the Polish specialist programs had much lower mop+ry beliefs than the PSTs in Russia and
in the Polish generalist programs.

Table 29:Unconditional Models for Non-inquiry beliefs abdearning mathematics in the three
countries

Variables United States Russia Poland Poland
(generalists) (generalists)  (specialists)
INTERCEPT 20.94*** 24.96%** 24, 75%** 20.17%**
(0.43) (0.34) (0.39) (0.47)
Variance components
Intercept ug 4.27 4,11 5.24 2.86
Level1r 26.90 29.87 34.06 25.65
ICC 0.1370 0.118 0.13 0.100
Reliability 0.762 0.856 0.810 0.537
coefficient

p<.10, *p<.05, ***p <.001

6.2.2. Background Variables and Non-Inquiry Beliefsabout Learning Mathematics

The background factors considered were gender@sid-seconomic status (SES). The
variables representing SES were the number of bioake home (a dummy variable in which
the 1 represents PSTs reports of having more tB@rbaoks in the home and O represents PSTs
reports that they had less than 100 books in theeh@nd parental level of education. The

models are shown on Tables 30 and 31. There wesgndicant gender differences in non-
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inquiry beliefs about learning mathematics in ahthe three countries. For the SES proxy
measures, there were no significant relationshgbwéden the parental level of education and
non-inquiry beliefs. However, in the Polish genistgbrograms, the findings showed that PSTs
who had more than 100 books in the home had sogmifiy lower non-inquiry beliefs when
compared to those who reported having fewer thé@nbbdks in the home. Similar relationships
were shown for the United States and Russia, ajtmtle differences were not significant.
Between the institutions, the significant findirgfeowed that the average non-inquiry
beliefs of female PSTs was significantly lower thlh@ male non-inquiry beliefs in the United
States and Russia. Also, between the institutiorise United States, the significant findings
showed that institutions with PSTs who had morea th@0 books in the home had significantly
higher non-inquiry beliefs when compared to insittos with PSTs who had fewer than 100

books in the home.
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Table 30:Multi-level Model of the Relationships betweenBlaekground Variables and Non-inquiry Beliefs abloe&rning
Mathematics

Variables United States Russia Poland (generalists) Poland (specialists)
(generalists)
Model 1  Model 2 Model 1  Model 2 Model 1 Model 2 Model 1  Model 2
INTERCEPT 21.02%**  20.87*** 24.96***  24,99*** 24.80*** 23.89*** 20.07%*  20.18***
(0.59) (0.40) (0.34) (0.21) (0.39) (0.82) (0.50) (0.44)
Level 1
GENDER 0.02 0.21 - 0.76 -0.09
(1.06) (0.51) (1.29) (0.81)
YEARSOF -0.07 0.01 - 0.17 -0.23
(0.16) (0.07) (0.12) (0.14)
MORETHAN -0.19 -1.30** -0.74
(0.55) (0.45) (0.60)
Level 2
GENDER - -2.38t - -5.52%** - -1.11 - -0.96
(1.30) (0.79) (2.88) (0.93)
YEARSOF - -0.11 - - - 0.27 - 0.03
(0.20) (0.30) (0.01)
MORETHAN - 2.00** - - - -1.16 - -1.32
(0.71) (0.96) (0.91)
Variance components
Intercept y 5.89 2.35 4.18 3.07 5.20 5.70 2.91 2.04
Level 1r 27.41 26.17 29.57 29.86 34.41 33.90 26.86 25.63
ICC 0.176 0.082 0.123 0.09 0.131 0.14 0.10 0.07
Reliability 0.804 0.668 0.850 0.819 0.781 0.825 0.481 0.457
coefficient

tp<.10, **p<.05 ***p <.001
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6.2.3. Opportunities to Learn to Teach Mathematicend Non-inquiry Beliefs about

Learning Mathematics

The multi-level regressions for the relationshipsaeen OTL to teach mathematics and
non-inquiry beliefs varied across the countriese @halyses show models with significant
relationships for (i) pedagogical practices and-mmuiry beliefs about learning mathematics;
(i) OTL how to plan mathematics instruction fomoeptual understanding and non-inquiry
beliefs; and (iii) OTL mathematics instruction fmnceptual understanding and non-inquiry
beliefs. These analyses were used to test hypstA&sand to answer parts of Research
Questions 3, 4, and 5.
Hypothesis A3: The more pre-service teachers expernce opportunities to learn to teach
mathematics that focus on reform-oriented instructon in their mathematics and
mathematics methods courses, the more likely theyilhave lower non-inquiry beliefs
about learning mathematics, and the more they exp@&nce models of non-reform oriented
practices, the higher their non-inquiry beliefs.

Pedagogical practices and non-inquiry beliefs alhdearning mathematics
These analyses sought to answer the researchaueMihat is the relationship between the
OTL to teach through experiencing different pedacmlgoractices in the PSTs mathematics
education courses and their beliefs about the eatilearning mathematics within and between
the institutions?” Table 31 presents summariefi®ihodels with significant relationships

between the pedagogical practices experiencedebp 8T's, as per their reports, within the

institutions in the three countries.
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Table 31:Multi-level Model of Pedagogical Practices and Naguiry Beliefs about Learning Mathematics betwteninstitutions

Variables United States Russia Poland (generalists) Poland (specialists)
Model 1  Model 2 Model 1  Model 2 Model 1 Model 2 Model 1  Model 2
INTERCEPT  20.95**  21.04*** 24.96*** 24 .95%** 24.78%*  24.78** 20.17%*  20.10***
(0.56) (0.58) (0.34) (0.35) (0.39) (0.39) (0.47) (0.48)
Level 1
GENDER 0.05 -0.06 0.32 0.45 0.71 0.71 0.01 -0.36
(1.03) (1.02) (0.52) (0.51) (1.31) (1.27) (0.78) (0.80)
YEARSOF -0.01 -0.06 0.02 0.03 0.18 0.22t 0.01 0.01t
(0.14) (1.03) (0.08) (0.08) (0.12) (0.12) 0.01) (0.01
MORETHAN  -0.22 -0.15 -0.01 -0.18 -1.30** -1.26** -1.46** -1.53
(0.53) (0.53) (0.31) (0.29) (0.45) (0.47) (0.54) (0.48)
Modeling Reform oriented Practices
ASKQUES -0.94* - -0.77** -0.33 0.29
(0.40) (0.33) (0.22) (0.28)
WHOLDISC - -1.14%* - -0.16 - -0.32 - 0.23
(0.45) (0.29) (0.24) (0.41)
GRPWK - -0.89** - -0.60** - 0.15 - 0.04
(0.45) (0.22) (0.19) (0.41)
Modeling non-reform oriented Practices
TCHMEDIN - -0.03 - 0.21 - 0.21 - 0.98**
S (0.24) (0.26) (0.21) (0.40)
LECTURE 0.51** - -0.01 - 0.02 - 0.05 -
(0.25) (0.55) (0.26) (0.30)
Variance components
Intercept g 5.38 5.84 4.20 4.28 5.07 5.15 2.95 3.10
Level 1r 26.33  26.50 29.40 29.07 34.12 33.78 25.07 24.04
ICC 0.169 0.18 0.125 0.128 0.13 0.13 0.105 0.114
Reliability 0.796  0.806 0.851 0.851 0.776 0.780 0.549 0.567
coefficient

tp<.10, **p<.05 ***p <.001
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Modeling reform oriented practices and non-inquasliefs within institutions
The findings on Table 31 show that experiencing et®df reform oriented practices
(group work, whole group discussiceamdasking questionsyere negatively related to non-
inquiry beliefs about teaching and learning math@sdor the PSTs in the United States,
looking at variability within institutions. In othevords, the more frequently the PSTs
experienced these practices in their mathematleseecourses, as compared to other PSTs in
their institution,, the less their non-inquiry le$#i, again as compared to others in their
institution. Similar findings on two of the variasl (group work and asking questions) were
found for the Russian PSTs. In the Polish spetiplisgrams, the relationships between
experiencing reform-oriented practices and non-dnycheliefs were positive though non-
significant within the institutions.
Modeling non-reform oriented practices and non-imgleliefs within institution
The within-institution relationships between expaging models of non-reform oriented
practices or transmission methods of instructiash mon-inquiry beliefs about learning
mathematics showed a positive relationship foilRBd@'s in the United States and Poland.
Specifically, the findings of the relationship beewn experiencing models of non-reform
oriented instructionliStening to lecture presentationaid non-inquiry beliefs about teaching
and learning were positive and significant. Thisanmeethat the more the PSTs had lecture
presentations, as compared to others in theitinistn, the more they had non-inquiry beliefs in
the United States. Similarly, in the specialistgyeon in Poland, the more, relative to others in
their institution, the PSTs had experiences in Whiey were required to teach sessions using
methods demonstrated by their instructors, the rii@ie non-inquiry beliefs about teaching and

learning mathematics.
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A summary of the relationships of the pedagogicattices and non-inquiry beliefs
about learning mathematics between the instituti®stiown in Table 32. Between the programs
in the United Stategiroup workwas negatively related to PSTs non-inquiry beligfother
words, the more programs had experiencegtoup workin the mathematics-related courses,
the lower the average PSTs’ non-inquiry beliefsualb@arning mathematics in the United States.

Table 32:Multi-level Models of Pedagogical Practices and Noquiry Beliefs about Learning
Mathematics between the Institutions

Variables United Russia Poland Poland
States (generalists) (specialists)
(generalists)
INTERCEPT 20.96*** 24.,98*** 24.80*** 20.17***
(0.49) (0.33) (0.40) (0.43)
Level 1
GENDER 0.03 0.21 0.76 -0.01
(1.06) (0.51) (1.28) (0.79)
YEARSOF -0.07 0.01 0.17 0.01
(0.16) (0.07) (0.12) (0.01)
MORETHAN -0.19 -0.10 -1.30** -1.44
(0.55) (0.31) (0.45) (0.52)
Level 2
Modeling Reform-oriented Practices
WHOLDISC 0.29 -1.14 -0.20 1.43
(2.39) (3.20) (1.86) (1.22)
GRPWK -3.49% -0.69 2.61 -1.34
(2.79) (3.70) (1.89) (1.59)
Modeling non-reform oriented practices
LECTURE -0.35 -0.48 1.66 4.54
(1.58) (2.97) (1.94) (3.21)
Variance components
Intercept y 413 4.09 4.99 2.34
Level 1r 27.43 29.57 34.40 25.03
ICC 0.13 0.12 0.13 0.09
Reliability 0.745 0.848 0.774 0.494
coefficient

tp<.10, **p<.05, ***p <.001

OTL how to plan mathematics instruction for concegtl understanding and non-
inquiry beliefs

The opportunities to learn how to plan mathematisguction for conceptual
understanding included three composite measudeandlysis of learning goalgii) introduction

to standards-based curriculand (iii) introduction to meaningful learning experiences
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Summaries of the models with significant relatiapsiwithin the institutions in the three
countries are presented in Table 33. The modetdentavere used to answer part of Research
Question 4, “What is the relationship between tAd @ teach through different approaches to
learning how to plan mathematics instruction and$tseliefs about the nature of learning
mathematics?”

In the United States, the PSTs reports on thaiéecy of experiences in which they were
involved in theanalysis of learning goalandintroduction to standards-based curriculwaere
negatively related to their non-inquiry beliefs.dtiner analyses (in the appendix), introductions
to meaningful learning experiences also showedjatne significant within-institution
relationship with PSTs’ non-inquiry beliefs in tbaited States. In contrast, the Polish generalist
programs, the relationship between the opportuitdearrthe analysis of learning goals
showed a positive and significant within-instituticelationship. Similarly, opportunities for
introduction to standards-based curriculum showpdsdtive significant within-institution
relationship to the PSTs’ non-inquiry beliefs abl@atrning mathematics in the Polish specialist

programs. The results in Russia were non-signifib@arthe three composite measures.
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Table 33:Multi-level Models of OTL how to plan Mathematics Instructionl &on-inquiry Beliefs about Learning Mathematics
within the Institutions

Variables United States Russia Poland (generalists) Poland (specialists)
(generalists)
Model 1 Model 2 Model 1  Model 2 Model 1 Model 2 Model 1  Model 2
INTERCEPT 21.01%* 20.98*** 24.96***  24.92%** 24.80** 24 74%x* 20.13%*  20.04***
(0.59) (0.59) (0.34) (0.32) (0.40) (0.40) (0.49) (0.51)
Level 1
GENDER 0.21 0.32 0.11 0.24 0.82 0.84 -0.19 -0.24
(1.07) (1.06) (0.53) (0.53) (1.41) (1.35) (0.88) (0.86)
YEARSOF -0.06 -0.05 0.01 0.003 0.20 0.21t -0.17 -0.13
(0.15) (0.16) (0.08) (0.08) (0.12) (0.12) (0.15) (0.14)
MORETHAN -0.13 -0.16 -0.10 -0.11 -1.29** -1.32%* -0.80 -0.85
(0.53) (0.50) (0.31) (0.30) (0.46) (0.46) (0.62) (0.60)
ANA_LRG -0.47** - 0.03 - 0.34** - 0.17 -
(0.15) (0.10) (0.11) (0.16)
INTR_SD - -0.44** - -0.05 - 0.06 - 0.35*
(0.20) (0.11) (0.08) (0.16)
MEAN_LRN - - - - - - -
Intercept ug 5.88 5.91 4.11 4.03 5.32 5.23 2.54 291
Level 1r 26.73 26.69 29.45 29.46 34.38 34.38 26.94 26.25
ICC 0.18 0.18 0.12 0.12 0.13 0.13 0.08 0.10
Reliability 0.804 0.807 0.845 0.844 0.775 0.779 0.442 0.483
coefficient

tp<.10, **p<.05 ***p <.001
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Table 34 presents between-institution models ofelaionships of the opportunities to
learn mathematics instruction for conceptual undeding and PSTs reports about their non-
inquiry beliefs about learning mathematics. Thesicant findings in Table 34 show that
analysis of learning goalsetween institutions in the United States wasiBggmt and
negatively related to non-inquiry beliefs. In cast, for the Polish generalist programs, the
results for a similar relationship between theiin8bns were positive. The average PSTs reports
aboutmeaningful learning experiencestween the institutions showed a negative sicpmfi
relationship with non-inquiry beliefs in Russia.€eTtelationships for the average PSTs reports in
Russia on thentroductions to meaningful learning experienegess in the same direction as the
United States, and were significant, while a simiéationship were positive with the non-
inquiry beliefs between the institutions in Polgbdth programs), although it was not

significant.
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Table 34:Multi-level Models of OTL how to plan Mathematics Instructionl &on-inquiry Beliefs about Learning Mathematics

between the Institutions

Variables United States Russia Poland (generalists) Poland (specialists)
(generalists)
Model 1 Model 2 Model 1  Model 2 Model 1 Model 2 Model 1  Model 2
INTERCEPT  21.00*** 21.00*** 24.93%*  25,03*** 24.82%** 24.81%* 20.07%*  20.07***
(0.54) (0.55) (0.34) (0.31) (0.38) (0.39) (0.50) (0.49)
Level 1
GENDER 0.02 0.01 0.21 0.21 0.78 0.77 -0.1 -0.11
(1.06) (1.05) (0.51) (0.51) (1.28) (1.28) (0.82) (0.82)
YEARSOF -0.07 -0.07 0.01 0.01 0.17 0.17 -0.23 -0.23
(0.16) (0.16) (0.07) (0.07) 0.13) (0.12) (0.14) (0.14)
MORETHAN -0.19 -0.19 -0.10 -0.10 -1.30** -1.30** -0.73 -0.72
(0.55) (0.55) (0.31) (0.31) (0.45) (0.45) (0.60) (0.60)
Level 2
ANA_LRG -1.07% - -0.97 - 0.91** - 0.28 -
(0.64) (0.58) (0.37) (0.45)
INTR_SD - - - - - -
MEAN_LRN - -0.80 - -0.98** - 0.51 - 0.51
(0.77) (0.43) (0.35) (0.45)
Variance components
Intercept g 5.37 5.55 3.92 3.84 4.63 4.97 2.83 2.53
Level 1r 27.42 27.41 29.57 29.57 34.39 34.40 26.88 26.90
ICC 0.16 0.17 0.12 0.11 0.12 0.13 0.10 0.09
Reliability 0.79 0.795 0.842 0.84 0.761 0.774 0.474 0.447
coefficient

tp<.10, **p<.05 ***p <.001
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OTL mathematics instruction for conceptual understding and PSTs non-inquiry
beliefs

The relationships of the OTL mathematics instructar conceptual understanding and
PSTs’ non-inquiry beliefs about learning mathensatere in opposing directions in the United
States and Poland when compared between the tistguA summary of the significant
between-institution relationships is shown in Take The models created sought to answer part
of research question 5, “What is the relationsl@pwieen the OTL to teach mathematics through
the introduction to learning mathematics instructamd PSTs’ beliefs about the nature of
learning mathematics?” The relationships withinitigitutions showed no significant

relationships, and therefore are not presented.
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Table 35:Multi-level Models of OTL Mathematics Instruction and Non-imgueliefs between the Institutions

Variables United States Russia Poland (generalists) Poland (specialists)

Model 1 Model 2 Model 1  Model 2 Model 1 Model 2 Model 1 Model 2

INTERCEPT 21.10%** 20.90*** 24.96%** 24 .93*** 24.82%* 24.81%* 20.20%**  20.17***
(0.47) (0.53) (0.33) (0.33) (0.37) (0.37) (0.45) (0.47)

Level 1

GENDER 0.01 0.01 0.21 0.21 0.75 0.76 -0.01 -0.01
(1.05) (1.06) (0.51) (0.51) (1.28) (1.28) (0.80) (0.79)

YEARSOF -0.07 -0.07 0.01 0.01 0.17 0.17 0.01 0.01
(0.16) (1.16) (0.07) (0.07) (0.12) (0.12) (0.01) (0.01)

MORETHAN -0.20 -0.19 -0.10 -0.10 -1.30** -1.30** -1.41** -1.42%*
(0.55) (0.55) (0.31) (0.31) (0.45) (0.45) (0.52) (0.53)

Level 2

MKDPROC -2.72%* - -0.08 - 3.05** - 2.47 -
(0.94) (1.64) (1.22)- (2.91)

MSOSTR - - - - - - - -

PROWRK - -2.07** - 0.71 3.47* - 0.70

(0.91) (1.82) (1.21) (1.37)

Variance

Components

Intercept ug 4.13 5.17 417 4.16 4.63 4.54 2.45 2.94

Level 1r 27.46 27.41 29.57 29.57 34.39 34.4 25.17 25.12

ICC 0.13 0.16 0.12 0.12 0.12 0.12 0.09 0.10

Reliability 0.745 0.784 0.850 0.850 0.762 0.758 0.504 0.548

coefficient

tp<.10, **p<.05 ***p <.001
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Table 35 shows that between the institutions inthied States, the average PSTs’
reports about opportunities to ledmnshowwhy procedures worknakedistinctions between
procedural and conceptual knowledgadlearn to explore multiple solution strategiesre
negatively related to their non-inquiry beliefs.garticular, the more the programs in the United
States offered these learning opportunities, thetdhe average non-inquiry beliefs about
teaching and learning across the institutionsoimtrast, for the Poland generalist programs, the
more the programs provided opportunities in whiehPSTdearned to show why procedures
work andlearned to make distinctions between procedural @mteptual knowledgéhe more
their non-inquiry beliefsin Russia, the relationships between the OTL ma#tieshinstruction
for conceptual understanding and non-inquiry beheére not significant

6.2.4. Unconditional Inquiry Beliefs about LearningMathematics models

The inquiry beliefs when compared across the cmsmshowed averages that were
similar across the three countries. Table 36 ptesesummary of the unconditional models of
the inquiry beliefs about learning mathematics reggbby the pre-service teachers.

Table 36:Unconditional Models of Inquiry beliefs about Legwg Mathematics across the three
Countries

Variables United States Russia Poland Poland
(generalists) (specialists)

(generalists)

INTERCEPT 24.20%** 24 .51 %+ 24 .21 %% 25.60%**
(0.27) (0.17) (0.15) (0.25)

Variance components

Intercept ug 1.23 0.71 0.58 0.831

Level1r 9.47 8.10 13.53 7.58

ICC 0.115 0.081 0.041 0.099

Reliability 0.723 0.797 0.563 0.536

coefficient

tp<.10, **p<.05, ***p <.001

Table 36 shows that the average inquiry beliefesabout learning mathematics across

the generalist programs in all three countries werg similar to one another. The average
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inquiry belief score in the Poland specialist peogr however, was slightly higher than in the
other countries. In the United States, the proportif variance of the non-inquiry belief scores
between institutions was 11.5% and within insting the proportion of variance was 88.5%. In
Russia the proportion of variance was 8.1% actosgistitutions, and 91.9% within institutions.
In Poland the proportion of variance of the inquslief scores was 4.1% between institutions,
and 95.9% within institutions for the generalisbgnams, while for the specialist programs the
proportion of variance of the inquiry beliefs wa8% between institutions, and 90.1% within
institutions.

6.2.5. Background Variables and Inquiry Beliefs abot Learning Mathematics

The multi-level models showing the relationshipsa@en the background variables and
inquiry beliefs showed that gender and SES relahgos with PSTs inquiry beliefs differed
across the three countries. Table 37 presents mawyof the relationships of the background

factors between and within the institutions in tiiee countries.
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Table 37:Multi-level Model of Background Factors and InquBgliefs about Learning Mathematics

Variables United States Russia Poland (generalists) Poland (specialists)
(generalists)
Model 1  Model 2 Model 2 Model 1 Model 2 Model 1  Model 2
INTERCEPT 24.21%%*%  24.11%** 24.49*** 24.23** 24 .23+ 25.61%*  25.60%**
(0.28) (0.22) (0.08) (0.16) (0.33) (0.27) (0.25)
Level 1
GENDER -0.57 1.95%* 0.15
(0.57) (0.78) (0.49)
YEARSOF 0.02 -0.12** 0.26***
(0.07) (0.06) (0.07)
MORETHAN 0.25 0.13 0.40
(0.26) (0.21) (0.42)
Level 2
GENDER - 1.35% 0.47t1 - 0.79 - -0.53
(0.71) (0.25) (1.16) (0.67)
YEARSOF - 0.18 -0.04 -0.02 0.01
(0.13) (0.05) (0.12) (0.01)
MORETHAN - -1.11% 0.34+ 0.20 -0.23
(0.42) (0.19) (0.39) (0.53)
Variance components
Intercept y 1.16 0.82 472 0.54 0.59 0.86 0.78
Level 1r 9.66 9.29 3.90 12.85 13.67 7.50 7.56
ICC 0.107 0.08 0.547 0.04 0.04 0.10 0.09
Reliability 0.663 0.547 0.518 0.564 0.498 0.523
coefficient

p<.10, **p<.05, **p <.001
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Table 37 shows that there was a significant geddirence in the inquiry beliefs about
learning mathematics of the PSTs in the geneqaiairams in Poland. That is, the female PSTs
had significantly higher inquiry beliefs about leisyg mathematics than the male PSTs. For the
SES proxy measuraumber of books in the hoptee PSTs in the Polish specialist programs
who reported that they had more than 100 bookisarhbme had significantly higher inquiry
beliefs about learning mathematics when comparédase who reported that they had fewer
than one hundred books in the home. The resuttseofelationships between SES and inquiry
beliefs showed similar patterns in the United Stated Russia, although the relationships were
not significant.

Between the institutions in the United States silgaificant findings showed that the
average inquiry beliefs of females were signifitahtgher than the males. The results also
showed that programs in which the average PSTstezpthat they had more than 100 books in
the home had significantly lower inquiry beliefsoablearning mathematics when compared to
those who reported that they less than 100 booltseimome in the United States. In Russia, the
female PSTs had significantly higher inquiry bedigfan the male PSTs. In Poland the gender
differences were not significant between the ingons.

6.2.6. Opportunities to Learn to Teach Mathematicgnd Inquiry Beliefs about

Learning Mathematics

The relationships of the opportunities to leartetach mathematics and inquiry beliefs
were examined and the results showed that thefisigmi relationships in the generalist
programs in the three countries had similar pasteetween the relationships of inquiry beliefs
with (i) pedagogical practices that modeled refomented instruction experienced, (ii) planning

mathematics instruction and learning, and (iiiyt&ag mathematics instruction. In this section
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the multilevel models of the significant relationshwithin and between the institutions are
presented and discussed briefly. These analyseswsed to test Hypothesis A4, and sought to
answer questions parts of Research QuestionsaBd45.
Hypothesis A4: The more pre-service teachers expernce opportunities to learn to teach
mathematics that focus on reform-oriented instructon in their mathematics and
mathematics methods courses, the more likely theyilhave higher inquiry beliefs about
learning mathematics, and the more they experienamodels of non-reform oriented
practices, the lower their inquiry beliefs.

Pedagogical practices and inquiry beliefs aboutdesg mathematics

. The pedagogical practices examined were thosertbdel reform-oriented instruction
and those that model non-reform oriented instractidhe multi-level models presented in Table
38 showed significant positive relationships fa thodels that included the pedagogical
practicesgroup work, whole group discussig@smdopportunities to ask questignshich are all
categorized as practices that model reform-oriemsituction. The models of non-reform
oriented practices presented wkséening to lecture methodsdteaching using methods
demonstrated by the instructorghich showed varying patterns when the relatigpsstvith
inquiry beliefs were compared across the three tr@sn

Models of reform-oriented pedagogical practices amgliry beliefs about learning
mathematics within institutions

Table 38 shows that, looking at variation withistitution, practices that model reform-
oriented practicegy(oup work often, whole class discussion gfterdasking questionswvere
positive and significantly related to the inquimliefs about learning mathematics for the PSTs
in the United States. Similar findings were shoenRSTs in the generalist programs in Poland.

In the Polish specialist programs, positive siguaifit relationships between inquiry beliefs and

whole group discussioandasking questiongere found. For the PSTs in Rusgiegup work
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andasking questiong/ere positive and significantly related to inquirgliefs. The pedagogical
practice of opportunities task questionsshowed a positive significant within-institution

relationship with inquiry beliefs in all three cdties.

174



Table 38:Multi-level Models of Pedagogical Practices anduirg Beliefs about Learning Mathematics within thstitutions

Variables United States Russia Poland (generalists) Poland (specialists)
Model1  Model 2 Model 1 Model 2 Model 1 Model 2 Model1  Model 2
INTERCEPT 24.18%*  24.22%** 24.52%** 24 51%** 24.23** 24.24%* 25.60***  25.59%*
(0.29) (0.26) (0.17) (0.17) (0.16) (0.16) (0.25) (0.25)
Level 1
GENDER -0.59 -0.55 0.24 0.25 1.94** 1.96** -0.04 -0.07
(0.57) (0.58) (0.22) (0.22) (0.83) (0.79) (0.37) (0.38
YEARSOF 0.03 0.01 -0.05 -0.05 -0.11 -0.10 -0.0004 -0.002
(0.08) (0.07) (0.04) (0.04) (0.07) (0.06) (0.004) (0.004
MORETHAN 0.16 0.21 0.12 0.11 0.07 0.06 0.80** 0.78**
0.24) (0.26) (0.15) (0.17) (0.22) (0.21) (0.38) (0.38
Reform oriented
ASKQUES 0.45** - 0.25% - 0.57** - 0.35¢% -
(0.17) (0.13) (0.14) (0.20)
WHOLDISC - 0.44+t - 0.13 - 0.61** - 0.43**
(0.24) (0.11) (0.16) (0.22)
GRPWK - 0.55** - 0.34** - 0.32** - 0.21
(0.22) (0.12) (0.14) (0.19)
Non-reform
TCHMEDINS -0.17 0.18** - -0.12 - -0.24
(0.15 (0.07) (0.13) (0.19)
LECTURE -0.13 -0.01 - 0.21 - 0.32 -
(0.14) (0.38) (0.22) (0.24)
Variance components
Intercept g 1.30 1.00 0.70 0.70 0.55 0.58 0.83 0.83
Level 1r 9.44 9.37 7.99 7.94 12.63 12.55 7.23 7.26
ICC 0.12 0.10 0.08 0.08 0.04 0.04 0.10 0.10
Reliability 0.727 0.674 0.783 0.78 0.526 0.535 0.547 0.541
coefficient

p<.10, **p<.05, **p <.001
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Models of non-reform oriented pedagogical practiead inquiry beliefs about learning
mathematics within the institutions

The within-institution analyses in Table 38 showattthe PSTs in Russia who reported
having experiences in which thesach sessions using methods demonstrated byinis&uctors
showed a positive relationship with their inquislibfs about learning mathematics. The same
relationships in the other countries were negaimve not significant.

A summary of the between-institution relationshiggtween the pedagogical practices

and inquiry beliefs about learning mathematicspageented in Table 39.
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Table 39:Multi-level Models of Pedagogical Practices anduirg Beliefs about Learning Mathematics betweenltiséitutions

Variables United States Russia Poland (generalists) Poland (specialists)
Model1  Model 2 Model 1 Model 2 Model 1 Model 2 Model1  Model 2
INTERCEPT 24.19%*  24.24%** 24 .53%* 24 44%** 24.26%** 24.25%* 25.59*** 25 5g8***
(0.25) (0.19) (0.16) (0.14) (0.13) (0.14) (0.25) (0.24)
Level 1
GENDER -0.56 -0.60 0.28 0.28 1.92** 1.96** -0.01 -0.004
(0.57) (0.57) (0.21) (0.21) (0.77) (0.78) (0.36) (0.36)
YEARSOF 0.02 0.023 -0.05 -0.05 -0.12** -0.12** -0.001 -0.001
(0.80) (0.08) (0.04) (0.04) (0.06) (0.06) (0.004) (0.005)
MORETHAN 0.26 0.26 0.15 0.15 0.13 0.13 0.81** 0.80**
(0.26) (0.26) (0.16) (0.16) (0.22) 0.21) (0.38) (0.38)
Level 2
Reform oriented
ASKQUES 0.87 - 0.29 - 2.41% - -0.65 -
(0.81) (1.39) (0.96) (1.26)
WHOLDISC - -0.48 - 1.32 - 0.90 - 0.17
(1.01) (1.37) (0.86) (1.29)
GRPWK - 2.48%** - 1.85t - 0.41 - -0.75
(0.61) (1.05) (0.94) (0.80)
Non-reform
TCHMEDINS -0.39 - 1.13 - -1.48* - 0.31 -
(0.83) (0.69) (0.61) (0.92)
LECTURE - -0.04 - 1.84** - -0.85 - 1.54
(0.61) (0.77) (0.92) (1.20)
ANATL 0.25 - 0.002 - -0.14 - 0.10 -
(0.20) (0.37) (0.23) (0.28)
Variance components
Intercept ug 0.98 0.43 0.61 0.49 0.30 0.44 0.80 0.71
Level 1r 9.65 9.65 8.01 8.00 3.58 12.85 7.41 7.39
ICC 0.09 0.04 0.07 0.06 0.08 0.03 0.10 0.09
Reliability 0.665 0.483 0.761 0.722 0.382 0.467 0.533 0.504
coefficient

tp<.10, **p<.05 ***p <.001
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Modeling reform-oriented practices and beliefs adearning mathematics between
institutions

Table 39 shows that in the United Stagesup workwas significantly and positively
related to PSTs’ inquiry beliefs between the insitins. Similar findings were found for the
relationship between the average PSTs’ reporgronp workand inquiry beliefs in Russia
between the institutions. In Poland the relatiopstietween group work and inquiry beliefs
were not significantAsking questions) the mathematics methods courses and inquirgfbel
also showed significant positive relationships lestwthe institutions in the Poland generalist
program. In the Russia and the United States thgaeships were not significant. In contrast,
the relationship between asking questions and mpdpaliefs was negative and non-significant in
the Polish specialist programs between the ingiitat

Modeling non-reform oriented practices and bel@i®ut learning mathematics between
institutions

. The findings of the non-reform oriented instructalmowed no significant relationships
with inquiry beliefs in the United States and tladi$h specialist programs between the
institutions. Differing patterns were shown in Rasfé which the relationship between listening
to lecture presentatiorsnd inquiry beliefs showed a positive significeatween-institution
relationship with inquiry beliefs. The non-reformemted instructioteaching a session using
methods demonstrated by the instrucbowed a negative between-institution relationshtp
the average inquiry beliefs for the institutionsnir the Poland generalist programs. In the
United States, Polish specialist programs, and iRuge relationship between teaching methods
using methods demonstrated by the instructor amahtijuiry beliefs were not significant

between the institutions.
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OTL how to plan mathematics instruction for conceyatl understanding and inquiry
beliefs about learning mathematics
. The relationships between the OTL how to plan mattes instruction and inquiry beliefs
showed strong within-institution relationships witiguiry beliefs in all the generalist programs
in the three countries. However, in the Polish glist programs, the patterns of similar
relationships were found to be in the same directdthough they were not significant. The
measures of the OTL how to plan mathematics instmudor conceptual understanding were (i)
analysis of learning goals, (ii) introduction tamstlards-based curriculum, and (iii) introduction
to meaningful learning experiences. These relatipsswere investigated using a multi-level
model in separate models because of the colliydaeitveen the measures. Table 40 presents
the models with significant relationships withiretimstitutions.

The findings from the PSTs’ reports in the Unif&tdtes, Russia and the generalist
program in Poland showed that the more, relativathers at their institution, they had
opportunities in which they were involvedanalyzing learning goalsyereintroduced to
standards based curriculuand werdntroduced to meaningful learning experiencethe more
they agreed with inquiry beliefs about learning neaatics, relative to others at their institution.
(See Table 40) Similarly, for the PSTs in the Pdlapecialist program, the results were positive,

though were not significantly related to their imgbeliefs.

> The multi-level model showing this relationshipis Table A12 in the appendix
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Table 40:Multi-level Models of Learning how to Plan Mathematinstruction and Inquiry Beliefs about Learnikgthematics

within the Institutions

Variables United States Russia Poland (generalists) Poland (specialists)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
INTERCEPT 24.23%*% 24 2] % 24.51*%* 24 51*** 24.23*** 24,23%* 25.64** 25 6%
(0.27) (0.28) (0.17) (0.17) (0.16) (0.16) (0.27) (0.27)
Level 1
GENDER -0.72 -0.74 0.17 0.22 1.65** 1.96** 0.29 0.08
(0.53) (0.53) (0.24) (0.23) (0.68) (0.77) (0.51) (0.50)
YEARSOF 0.004 -0.001 -0.05 -0.05 -0.12+ -0.11+ 0.23** 0.26***
(0.08) (0.08) (0.04) (0.04) (0.06) (0.06) (0.07) (0.08)
MORETHAN 0.22 0.24 0.04 0.10 0.14 0.13 0.54 0.32
(0.23) (0.22) (0.14) (0.15) (0.22) (0.22) (0.45) (0.43)
ANA LRG 0.44%** - 0.29%** - 0.24** - 0.12 -
(0.72) (0.05) (0.08) (0.09)
INTR_SD - 0.40%** - 0.17* - 0.23*** - 0.16
(0.2) (0.07) (0.05) (0.10)
Variance Components
Intercept U 1.11 1.19 0.713 0.69 0.621 0.57 0.92 0.88
Level 1r 9.01 9.18 7.72 7.84 12.84 12.69 7.11 7.46
ICC 0.11 0.11 0.10 0.10 0.05 0.04 0.11 0.11
Reliability 0.701 0.713 0.787 0.782 0.537 0.528 0.520 0.502
coefficient

tp<.10, **p<.05 ***p <.001
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The analyses of the relationships between thetutisins showed that the United States
had different patterns when compared to the othercountries. A summary of the multi-level
models showing the between-institution relationslapOTL how to plan mathematics
instruction and inquiry beliefs are presented ibléall.

The average PSTs’ reports abantlysis of learning goalsntroduction to standards-
basedcurriculunt?, andmeaningful learning experiencesere positively and significantly
related to inquiry beliefs in the United Statesamn the institutions. Similarly, in Russia and
the Polish generalist program the patterns of éimesrelationships were positive. In contrast, the
reports of the PSTs in the Polish specialist pnograhowed that the more the PSTs were
introduced to thanalysis of learning goaland identifyingmeaningful learning experiencabe

less their inquiry beliefs about learning mathensati

1 The multi-level model for this relationship isTable A13 in the appendix.
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Table 41:Multi-level Models of Pedagogical Practices anduirg Beliefs about Learning Mathematics betweenltisétutions

Variables United States Russia Poland (generalists) Poland (specialists)
Model 1 Model 2 Model 1  Model 2 Model 1 Model 2 Model 1  Model 2
INTERCEPT  24.23*** 24.23** 24.52%%*% 24 50*** 24 24%* 24 24%* 25.60***  25.60***
(0.21) (0.23) (0.17) (0.17) (0.15) (0.16) (0.27) (0.27)
Level 1
GENDER -0.56 -0.56 0.28 0.28 1.94** 1.94** 0.16 0.15
(0.57) (0.56) (0.21) (0.21) (0.78) (0.78) (0.37) (0.48)
YEARSOF 0.02 0.02 -0.04 -0.05 -0.12** -0.12 0.25%** 0.25***
(0.08) (0.08) (0.04) (0.04) (0.06) (0.06) (0.07) (0.07)
MORETHAN 0.26 0.26 0.15 0.15 0.13 0.13 0.40 0.40
(0.26) (0.26) (0.16) (0.16) (0.21) (0.21) (0.42) (0.42)
Level 2
ANA_LRG 1.07%* - 0.10 - 0.09 - -0.16 -
(0.25) (0.34) (0.19) (0.37)
MEAN_LRN - 0.76** - 0.23 - 0.04 - -0.12
(0.31) (0.25) (0.15) (0.27)
Variance components
Intercept y 0.744 0.88 0.68 0.66 0.53 0.54 0.84 0.84
Level 1r 9.65 9.65 8.00 8.00 12.85 12.85 7.51 7.51
ICC 0.07 0.08 0.07 0.08 0.04 0.04 0.10 0.10
Reliability 0.607 0.644 0.781 0.776 0.514 0.517 0.491 0.492
coefficient

p<.10, **p<.05, **p <.001

182



OTL mathematics instruction for conceptual understding and inquiry beliefs

The relationships between OTL mathematics instoadior conceptual understanding
and inquiry beliefs about learning mathematics stubsimilar patterns in all three countries
within the institutions. However, between the ingions the Poland generalist programs showed
differing patterns of relationships between the Qitathematics instruction and inquiry beliefs.
The relationships were analyzed using a multi-lewetiel in which the OTL variables were (i)
learning why procedures work, (ii) learning muléolution strategies, and (iii) learning to
make distinctions between procedural and concegh@kdledge. A summary table showing the

models of the relationships between the institwignshown in Table 42.
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Table 42:Multi-level Models of OTL Mathematics Instructiomdalnquiry Beliefs about Learning Mathematics witthe Institutions

Variables United States Russia Poland (generalists) Poland (specialists)
Model 1 Model 2 Model 1  Model 2 Model 1 Model 2 Model 1  Model 2
INTERCEPT 24.21%** 24,21 % 24.51%* 24 5*** 24.22%** 24.25%** 25.60***  25.60***
(0.28) (0.28) (0.17) (0.17) (0.16) (0.16) (0.26) (0.26)
Level 1
GENDER -0.58 -0.63 0.33 0.29 1.87* 2.01* -0.02 -0.001
(0.54) (0.52) (0.23) (0.21) (0.75) (0.74) (0.36) (0.35)
YEARSOF 0.002 0.01 -0.05 -0.04 -0.13** -0.11** -0.001 -0.001
(0.08) (0.08) (0.04) (0.04) (0.06) (0.06) (0.004) (0.004)
MORETHAN 0.22 0.21 0.09 0.14 0.17 0.07 0.76** 0.74+
(0.23) (0.24) (0.16) (0.16) (0.21) (0.21) (0.38) (0.40)
MKDPROC 0.59** - 0.09 - 0.18 - 0.23 -
(0.18) (0.09) (0.15) (0.15)
MSOSTR 0.38 - 0.33** - 0.42** - 0.08 -
(0.25) (0.11) (0.16) (0.18)
PROWRK - 0.53** - 0.22** - 0.49%** - 0.28
(0.23) (0.09) (0.14) (0.19)
Variance Components
Intercept y 1.16 1.16 0.72 0.70 0.58 0.54 0.85 0.85
Level 1r 9.18 9.46 7.92 7.97 12.69 12.67 7.40 7.38
ICC 0.11 0.11 0.08 0.08 0.04 0.04 0.10 0.10
Reliability 0.71) 0.703 0.788 0.782 0.534 0.522 0.543 0.545
coefficient

tp<.10, **p<.05 ***p <.001
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Table 42 shows that learning mathematics instractos conceptual understanding was
positively related to PSTs’ inquiry beliefs withine institutions. That is, the more, as compared
to others in their institution, the PSTs in Russmal those in the generalist programs in Poland
had opportunities to leanvhy procedures worknd to learrhow to explain multiple solution
strategies the more their inquiry beliefs, relative to othén their institution. The relationships
for the PSTs in the United States and in the spstcigrograms in Poland showed positive
relationships with inquiry beliefs although theatgdnships were not significant.

Table 43 presents a summary of the models showiegrelationships of learning
mathematics instruction and inquiry beliefs betwéesa institutions. In the United States, the
variables selected for learning mathematics inityaovere positively and significantly related
to the inquiry beliefs between institutions. Speaily, the significant results indicated that the
more institutions offered their PSTs opportuniti@s learning mathematics instruction for
conceptual understanding in which theylédrned why procedures work, (i) made distinctions
between procedural and conceptual knowledmsd (iii) learned teexplain multiple solutions
strategied?, the more their students endorsed inquiry bebefsverage between the institutions
in the United States. In Russia, the findings leetwinstitutions showed that the more programs
offered learning multiple solution strategias learning mathematics instruction, the more the
PSTs’ inquiry beliefs. Similarly, for the Polandespalist PSTs, the more the programs had

opportunities fotearning multiple solutions strategiethe more their inquiry beliefs.

> The models showing this significant relationshigtte inquiry beliefs is not shown but is in Tabl&4the
appendix
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Table 43:Multi-level Models of OTL Mathematics Instructiomoalnquiry Beliefs about Learning Mathematics betwéhe
Institutions

Variables United States Russia Poland (generalists) Poland (specialists)
(generalists)
Model 1 Model 2 Model 1  Model 2 Model 1 Model 2 Model 1  Model 2
INTERCEPT  24.29%** 24,14 24.50%*  24.48*** 24.22%** 24.32%* 25.69%** 25 59%*
(0.21) (0.18) (0.17) (0.16) (0.15) (0.15) (0.26) (0.25)
Level 1
GENDER -0.56 -0.55 0.28 0.28 1.95% 1.95** -0.01 -0.01
(0.57) (0.57) (0.21) (0.21) (0.77) (0.78) (0.35) (0.35)
YEARSOF 0.02 0.02 -0.05 -0.05 -0.12** -0.12** -0.001 -0.001
(0.08) (0.08) (0.04) (0.04) (0.06) (0.06) (0.005) (0.005)
MORETHAN 0.26 0.26 0.15 0.15 0.13 0.13 0.81** 0.82**
(0.26) (0.26) (0.16) (0.16) (0.21) (0.21) (0.38) (0.38)
MKDPROC 1.73%* - 0.75 - 0.54 - 0.28 -
(0.38) (1.22) (12.84) (2.01)
MSOSTR - - - - - - - -
PROWRK - 1.73%* - 1.28 - -0.32 - 0.83
(0.35) (1.25) (0.63) (0.85)
Variance
Components
Intercept y 0.72 0.54 0.67 0.64 0.54 0.54 0.84 0.80
Level 1r 9.65 9.66) 8.00 8.00 12.84 12.85 7.40 7.39
ICC 0.07 0.05 0.08 0.07 0.04 0.04 0.11 0.10
Reliability 0.601 0.532 0.776 0.768 0.517 0.519 0.544 0.533
coefficient

p<.10, **p<.05, **p <.001
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6.3. Discussion

The models in the United States showed suppoitiypothesis A3 because two significant
results- one within and one between institutiorscamsistent with the notion that the more PSTs
experience approaches to learning to teach thasfon reform-oriented pedagogical approaches throug
modeling and introductions to related activitiés kess their non-inquiry beliefs about learning
mathematics. For this nation, there were negatgmficant relationships between opportunitie sk
guestionsengage invhole class discussipandgroup work and their non-inquiry beliefs. Also, there
were negative relationships between OTL how to plathematics instruction for conceptual
understanding through tlamalysis of learning goalandintroductions to standards-based curriculum
and non-inquiry beliefs about learning mathemaditthin institutions.

Between-institution relationships for some of tleel@gogical approaches in the United States
also showed support for the notion that the moeeQfiL to teach mathematics focused on reform-
oriented approaches through modeling practicesrarmtiuction to related activities, the lower trann
reform oriented practices (Hypothesis A3). Thereaweegative relationships betwegnoup work
pedagogical practices and non-inquiry beliefs betwiastitutions in the United States. Further, ¢her
were negative relationships between the OTL hoplda mathematics instruction through trealysis of
learning goalsand non-inquiry beliefs about learning mathemédiietsveen the institutions. In this nation,
there were also negative relationships betwee®iiehow to plan mathematics instruction that inédd
learning to distinguish conceptual and procedunabWwledgeand a learning tshow how procedures
work, and non-inquiry beliefs between institutions.

The significant results in the United States shosugaport for the notion that the more PSTs
experienced approaches to learning to teach thaséal on reform-oriented instruction through maagli
and introductions to related activities, the higteir inquiry beliefs about learning mathematidghim

and between institutions (Hypothesis A4). Withia thstitutions, having opportunities to engage in
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group-workactivities,whole class discussipandask questionsr mathematics related courses were
positively related to their inquiry beliefs aboeafning mathematics. Additionally, the OTL how tarp
mathematics instruction for conceptual understapttinough learning about tlamalysis of learning
goalsandintroductions to standards-based curriculuvere positively related to the inquiry beliefs of
PSTs within institutions. Also, the OTL to learntimamatics instruction for conceptual understanding
through learning tehow how procedures wodnd learning to showistinctions between procedural and
conceptual knowledgeas positively related to PSTs inquiry beliefs adearning mathematics within
the institutions.

Between the institutions, having opportunitiesrigage ingroup work OTL how to plan
mathematics instruction througimalysis of learning goalandintroductions to meaningful learning
experiencesand OTL mathematics instruction that includedr@®y todistinguish conceptuand
procedural knowledgandshowing how procedures wowkere all positively related to inquiry beliefs
between institutions in the United States.

In Russia, the significant relationships showedsupfor Hypothesis A3 and A4 within and
between institutions. In this nation, there wergatiwe relationships between the opportunitiesiigage
in group workandasking questions the PSTs mathematics-related courses andribeiinquiry beliefs
within institutions. Additionally, the OTL how tdgn mathematics instruction that includeéaningful
learning experiencewere negatively related to PSTs non-inquiry bslaout learning mathematics
within the institutions. The relationships betwelea OTL how to plan mathematics instruction for
conceptual understanding that includedahalysis of learning goalandintroductions to standards-
based curriculunwere positively related to the inquiry beliefs it the institutions. Further, there were
positive relationships between the OTL to learnheatatics instruction for conceptual understandmag t
included learning tehow why procedures wodhd learning t@how multiple solution strategiesd

their inquiry beliefs about learning mathematicgm the institutions in Russia.

188



Between the institutions in Russia the significasults showed some support for Hypothesis A4,
while other findings showed evidence against tigjgolthesis. There were positive significant
relationships between engaginggioup workandlistening to lecture presentatipand PSTs inquiry
beliefs of the PSTs between institutions. In otherds, pedagogical practices that model reform and
non-reform oriented instruction were positivelyateld to the inquiry beliefs about learning matheesat
between the institutions.

In the Polish programs program the significantifigd showed evidence against support for
Hypothesis A3, but some support for Hypothesis Aihiw and between institutions. There were positive
relationships between the OTL to teach mathem#irosaigh having experienced models of non-reform
oriented pedagogical practices that inclutesthing using methods demonstrated by the instractd
non-inquiry beliefs within the institutions in tiolish specialist programs. Also, there were positi
relationships between the OTL how to plan mathersatistruction for conceptual understanding that
included theanalysis of learning goaland PSTs’ non-inquiry beliefs within the instituis in the Polish
generalist programs, whiletroductions to standards-based curriculuvas positively related to the
PSTs non-inquiry beliefs in the Polish specialrsigpams.

Between the institutions, the significant restdisthe Polish generalist programs showed
evidence against Hypothesis A3. There were posiglagionships between the OTL to learn how to plan
mathematics instruction througimalysis of learning goaland non-inquiry beliefs about learning
mathematics. There were also positive relationsbgteeen the OTL mathematics instruction that
includedlearning to distinguish between conceptual and pdural knowledgandshowing why
procedures workand PSTs non-inquiry beliefs about learning mattécs.

Across the Polish programs, the significant findispowed support for Hypothesis A4 within
and between institutions. There were positive i@mtahips between the pedagogical practices that

provided opportunities for the PSTsask questionand engage iwhole class discussipand their
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inquiry beliefs within the institutions in both F&h programs. Also, there were positive relatiopshi
between the opportunities to engaggiiaup workand inquiry beliefs about learning mathematicsimit
the institutions in the Polish generalist prograftsere were positive relationships between the Gd\v
to plan mathematics instruction for conceptual ustdmding that included thanalysis of learning goals
and thentroduction to standards-based curriculumithin institutions in the Polish generalist pragrs.
Further, there were positive relationships betwberOTL mathematics instruction for conceptual
understanding that included learningsttow multiple solution strategi@sd showindiow procedures
work and inquiry beliefs of the PSTs within institutioim the Polish generalist programs.

Between the institutions the significant ressliswed support for Hypothesis A4 in the Polish
generalist programs. There was a positive relatipnsetween the OTL mathematics by experiencing
opportunities task question@ their mathematics related courses and inquetiefs about learning
mathematics between institutions. Also, there wegative relationships between the OTL to teach
mathematics in which PSTaught sessions using methods demonstrated byitis&inctorsand inquiry
beliefs about learning mathematics between ingiitstin the Polish generalist programs.

The patterns of the relationships of OTL and bslaout learning mathematics showed evidence
against Hypothesis A3 and, but support for Hypadghad within and between the programs in the Polish
specialist programs. Although most of these retestigps were not significant, the findings call forther
studies to ascertain if the OTL to learn are relatethe non-inquiry or inquiry beliefs about |eiaign
mathematics. These findings for the Polish spetipliograms show some ambiguity allowing room for

further analysis.
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CHAPTER 7

DISCUSSION AND CONCLUSIONS

7.1. Summary of Findings

International comparisons are important for infargipolicy and practice in education.
Careful consideration should be taken when intéimyehe results, however. First, it should be
noted that countries differ, and therefore anyti@tships explored should be within-country
(Givvin, Hiebert, Jacobs, Hollingsworth, & Gallinggr2005). For example, patterns of teaching
differ due to cultural patterns, values, educatistraictures, beliefs, curricular differences,
opportunities to learn, institutional norms, angeotations across countries (Bishop, 1988;
Bishop, 2001; Desimone, Smith, Baker, & Ueno, 2@é&hmidt et al., 2001; Schmidt, Cogan, &
Houang, 2011). In consideration of these imporissues, the descriptions of the variables were
given for each of the seventeen countries and thaeta developed in the relational analysis
were done within the three selected countries taadvithin-country relationships compared.

7.1.1. Differences in Opportunities to Learn and Tacher Competencies

The study examined the differences in the knowleatgkbeliefs about teaching and
learning mathematics and the extent (i) to whictigalar pedagogical practices were used in
teacher preparation, (ii) of opportunities to lehaw to plan mathematics instruction for
conceptual understanding, and (iii) of opportusitie learn mathematics instruction for
conceptual understanding across the countriegp#réitipated in the TEDS-M survey. Using
data from three countries, the study then examihednfluence of opportunities to learn to teach

mathematics on pre-service teachers’ knowledgebatiefs about learning mathematics.
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Knowledge for teaching mathematics

. The results showed that there were significanetgffices in the knowledge for teaching
mathematics across the 17 countries. Previous-oassnal studies of pre-service teachers’
knowledge for teaching also found significant diéieces between and within countries
(Blomeke & Kaiser, 2014; Senk et al., 2012; Schretdtl., 2011). The findings from these
studies pointed to the possibility of differenttig@s in the teacher preparation programs that
could be contributing to the differences in the kiezige that PSTs have at the end of their
teacher preparation.

Beliefs about learning mathematics

The nature of beliefs that pre-service teachersabadt learning mathematics showed
that there were patterns in the nature of PSTefsadibout learning mathematics that were
similar across most countries, although some camstill had distinct beliefs, separating them
from other countries. The beliefs about learninghamatics showed significant differences in
the patterns of the PSTs’ beliefs about the nattifearning mathematics in the focal countries.
Similar to findings from previous cross-nationaldies, inquiry beliefs about learning
mathematics were found among pre-service teachem®st countries (Wang & Hsieh, 2014).
Further, previous studies showed that the natuRS3Ts’ beliefs about learning mathematics is
influenced by culture (Schmidt et al., 2011; Tangi&ieh, 2014). In this study some of the
distinct differences shown could be due to theuraltdifferences in the participating countries.
Notably, most countries that participated in thdDB=M survey showed that they valued
student-centered approaches for teaching mathesnaticch showed that this approach for

teaching is now becoming a global feature (Schetidd., 2011; Wang & Hsieh, 2014).
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Opportunities to learn to teach mathematics

The opportunities to learn to teach mathematicessccountries provided valuable
insights that can inform policy and practice in heahatics teacher education. Across the
countries that participated in the TEDS-M surveyportant differences were found in the extent
of (i) the pedagogical practices experienced dut@agher preparation, (ii) learning how to plan
mathematics instruction for conceptual understamcand (iii) learning mathematics instruction
for conceptual understanding. Below is a brief assion of the differences shown in the
opportunities to learn across the countries categomunder the three opportunities to learn.

Differences in pedagogical practices experienced

Comparing the extent to which the PSTs experientedels of reform-oriented and
non-reform oriented practices across the counshesved distinct patterns worth considering.
For instance, the findings showed that most PSjarted that they often experienced lecture
presentation, a model of non-reform oriented pcactPSTs in a few countries reported group
work to be the most frequently experienced pradtidéeir teacher education. Specifically, most
of the PSTs from the participating European coastreported experiencing lecture
presentations often, while most of the PSTs froemAmerican geographical region that
participated in this study experienced group wdt&roduring their mathematics methods
courses. The PSTs from the participating East Astamtries showed significant differences in
the pedagogical practices they experienced mosho@thinese Taipei showed more PSTs
experienced lecture presentations often as comparf@8Ts in Singapore, and more
Singaporean PSTs reported experiencing group witek as compared to PSTs in Chinese

Taipei.
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Experiencing whole group discussion was not asngon across the countries
experiencing lecture presentations and group waokvever, it is worth noting that the countries
in which a significant percentage of PSTs repoebgaeriencing this practice often were the
United States, Chile, Malaysia, and Singapore. I8ngi a larger percentage of PSTs from the
participating countries from the American regioBetswana, and Thailand reported
experiencing instances in which they could ask tjoies in their methods courses as compared
to the other participating countries.

Finally, analyzing teaching through readings, videalysis, and live classrooms was not
a common pedagogical practice across the countdparticipated in the TEDS-M survey.
Countries in which this pedagogical practice wgseelenced occasionally were Botswana,
Russia, Thailand, and the United States.

These differences in the pedagogical practicesreeqpeed often in teacher preparation to
teach mathematics could be attributed to recemgdsmmade in teacher preparation in some of
the participating countries. For example, a grouauthorities from private and public
institutions in Chile produced a report on chanfes were then endorsed by the heads of the
teacher education institutions (Davidson, 2013nitarly, teacher educators in the Singapore
National Institute of Education (NIE) developedianovative feature in their curriculum, which
is a combination of core courses in education sgjdiontent courses for teaching, academic
studies, a practicum component, a language enhamtarourse, and the development of
academic discourse (Schwille, Ingvarson, & Holdgr&esendez, 2013). In Singapore, the
content courses in teacher education had shiftetbre practically-oriented approaches from
their original psychological orientations such ttrety are now similar to methods courses in the

United States (Lim-Teo, 2010). This may explainghmilarity in PSTs’ experience of the group
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work pedagogical practices between the United State Singapore. In the United States, the
“states are responsible for establishing the cargeitelines in their teacher preparation
programs” (Youngs & Grogan, 2013, p.264), and dggirements for content guidelines in
teacher preparation vary across states. Thesedliffes in the pedagogical practices used during
teacher preparation could be attributed to thevatiee features introduced in the various
programs, which could be at the institution letled state level, as well as the country level.
Opportunities to learn how to plan to teach mathgaf@r conceptual understanding
The differences across the countries in the oppdrés to learn how to plan
mathematics instruction could be related to diffees in the autonomy of teacher education
across the countries and to innovations introdilcéelacher education in the different countries.
PSTs in the United States, Russia, Singapore,renBHilippines experienced approaches to
learning to plan mathematics instruction often. Sehepportunities to learn to plan mathematics
instruction for conceptual understanding includeel ® TL the analysis of learning goals, OTL to
learn meaningful learning experiences, and introduthe use of standards-based curriculum.
These opportunities could be due to a number afttgspecific factors. The 2004 competency-
based reform titled “Policies and Standards for éfgchduate Teacher Education curriculum”
that was revised and implemented in the 2005/2@@6 wy the Philippines, which aimed to
improve teachers’ competency in lesson planningiamnalvative teaching approaches, among
others (Ogena, Brawner, & Ibe, 2013). In Russialteaeducation programs have the autonomy
to select suitable sections from the state staisdardevelop their own curricula, but the choice
of standards has to be approved by the Ministfgcafcation. Additionally, PSTs in Russia were
required to take three terms of pedagogy and psgygh@s well as didactics and mathematics

methods in their second and third years of theicher preparation (Schwille et al., 2013). In the
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United States, the autonomy given to the teachecatbn institutions allowed for innovative
emphases in planning mathematics instruction tleabased on research done in teacher
education and discussion forums in professionamigations that encourage teacher educators
to share innovative features that have been usdiff@rent institutions. These emphases could
explain the findings of Blomeke, Suhl, and Kais#14), in which they noted the strength of the
United States teacher education programs in plgnnstruction and identifying student
misconceptions. Because Singapore and Chile follave proposed teaching strategies that are
used in some United States curriculum, the PSTrtegbowed similar patterns in the emphasis
on components of learning how to plan mathematissuction. Further, similar to the findings
of Hsieh, Chu, Hsieh, and Lin (2014) the resulsvetd that, except for Singapore, the
participating Eastern countries put less emphasisoonections to real life situations.

Opportunities to learn mathematics instruction ¢oinceptual understanding

PSTs from the countries in the American region,Rh#ippines, Singapore, and those
countries whose programs are fully specialist paogy (Thailand and Malaysia) had
opportunities to learn mathematics instructiondonceptual understanding often. Notably, PSTs
from most of the patrticipating Developed Europeanntries (Germany, Norway, and
Switzerland) had fewer experiences to learn tardjsish between procedural and conceptual
knowledge and how to show why a procedure works. Jhited States and those countries that
follow closely the American model of teaching (iGhile and Singapore), however, showed that
their PSTs had more opportunities to learn mathiesiatstruction for conceptual understanding.

In sum, the important differences highlighted ia tipportunities to learn to teach
mathematics in this study further contribute to@E. to learn mathematics pedagogy for

conceptual understanding that was not much explorpdevious cross-national teacher
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education studies. The previous cross-nationalesuth teacher preparation focused more on
the OTL mathematics content, time spent in teaebacation, practical experiences, the total
number of courses taken by the PSTs, and the fregu# the activities done in content and
methods courses (Blomeke & Delaney, 2014; Blomek&akser, 2014; Tatto et al., 2009; Tatto
et al., 2012). This study showed that the exteth®fOTL to teach mathematics that PSTs had
for learning the process of teaching elementaryheraatics and the models that they
experienced in teacher education differed acrassalintries. These findings further confirm
that the values in mathematics teacher educateméfuenced by the culture of the countries
and the institutional norms (Bishop, 2001).

7.1.2. Opportunities to Learn to Teach Mathematicshat Makes a Difference

The opportunities to learn to teach mathematicsttha study focused on are (i) the
pedagogical practices used in their mathematiegaelcourses, (ii) learning how to plan
mathematics instruction for conceptual understamcand (iii) learning mathematics instruction
for conceptual understanding. These opportunitidsdrn to teach mathematics for conceptual
understanding can challenge the beliefs and builthe knowledge that PSTs bring to their
teacher preparation programs. Identifying the i@hahips that exist between these opportunities
to learn and knowledge and beliefs about teachmagearning is the center of this study. The
results showed that within the three selected cmathere were significant relationships that
are key findings for teacher preparation.

Background factors

Before examining the variables of interest, | dsscaome significant findings about the
PSTs’ background factors. A brief look at the PS3atkgrounds, which were the control

variables for the three countries, showed that geadd socio-economic status influenced the
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knowledge and beliefs about teaching and learniathematics, yet their importance as factors
varied across the three countries.

Gender

The findings showed that within the institutiohsite was a gender gap, with female
PSTs having lower MCK in the United States, Rusana, Poland. In addition, the female PSTs
in the Poland generalist program had significahitjher inquiry beliefs about learning
mathematics as compared to their male peers.

Between the institutions, the differences betwéennstitutions showing female PSTs’
average MCK and MPCK as significantly higher thiae thale PSTs could be due to the higher
percentages of females in the institutions (e48% in Poland, 92.2% Russia; 88.6% United
States). The number of males participating in todyswas small and therefore may have been
too small to support inferences about the diffeesn&Gonzales and colleagues (2008), for
example, found gender differences such that sometges had males performing higher, while
other countries had females performing higher. €hesults show that cross-national gender
differences in mathematics achievement (Mullislet1l®98) are mirrored in teacher preparation
programs.

Socio-economic factors

The SES factors used in this study, parental d¢otucand number of books in the home,
showed significant relationships with PSTs’ competes within the three countries. PSTs from
homes with more than 100 books had significanjihi@gher MCK scores in Poland, (ii) higher
MPCK scores in Russia and the Poland generaligtrano, (iii) higher inquiry beliefs about
learning among Poland specialist PSTs, when cordgarthose who had fewer books in the

home. The parental level of education was a sicpgmtfi factor related to (i) PSTs’ MPCK in the
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United States, (ii)) PSTs’ MCK in the Polish spesigbrograms, and (iii) PSTs’ inquiry beliefs
about learning mathematics in the Polish progrdamsum, SES is a factor that was related to
the PSTs’ knowledge for teaching mathematics irthihee countries and their beliefs about
learning mathematics in Poland and the United State

Factors influencing PSTs’ mathematics content knaadge

The findings from the study showed that OTL to thetar teach mathematics that include
models and activities for reform-oriented pedagalgapproaches to learning to teach
mathematics were related differently to PSTs’ cohkmowledge across the three countries.

Pedagogical practices within the institutions

For instance, looking at variability within institons, whole class discussion was
significantly related to higher MCK in the Unitedags and the Polish generalist programs.
Whole class discussion is a pedagogical practiaehths been shown to aid students in
developing “mathematical argumentation ... and matteal sophistication” which have been
shown to improve students learning of mathematWexkel & Cobb, 1996, p.461). Similarly,
PSTs get a clearer understanding of mathematicalegis when they engage in discussions
(e.g., Bartell et al., 2012; Charalambous et &l1,13.The more the PSTs had opportunities to
listen to lecture presentations, the less was twgitent knowledge in the United States. Thus,
this pedagogical practice, if used often, did ngtaad content knowledge for PSTs in the United
States, although in Russia and Poland, it was th& oommon practice used and was positively
related to the PSTs content knowledge though tlatiaaship was not significant. Perhaps
listening to lecture presentations denies PSTepipertunity to develop their mathematical ideas

through discussion, but may still be of some bemefileveloping PSTs content knowledge.
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These findings suggest that in the United Statev#itues of progresswere of benefit to PSTs’
development of mathematics content knowledge whibdee contral® values hindered the PSTs
development of mathematics content knowledge.

Planning mathematics instruction within the inditns

Some aspects of learning how to plan mathematstsuiction for conceptual
understanding is a pedagogical approach that sheigadicant within-institution relationships
with PSTs’ content knowledge in some of the coestrin particular, the more PSTs had
opportunities to work with standards-based curtdoulthe higher their content knowledge in
Russia. Previous studies have showed that thefistarmlards- based curriculum expands PSTs
content knowledge (Lloyd, 2006) when they engag®oiaing high level tasks in which multiple
solutions strategies can be used. Further, if theompetency is foregrounded when exposed to
tasks in standards-based curricula (Tarr & Pajbk4), they can then work to fill the gaps in
their knowledge. Among the three countries, PSTRuasia had the highest frequency of
opportunities in which they were introduced to gaas-based curriculum. The more the PSTs
within a program were introduced to meaningful iéag experiences, the higher their content
knowledge (relative to others in their programpPwlish generalist programs, but the lower their
content knowledge in the Polish specialist prograbhe emphasis in the development of PSTs’
content knowledge in the two program types areethfiit in that the specialist programs focus
more on building mathematics knowledge, while theagalist programs focus more on the
pedagogy (e.g., Blomeke & Kaiser, 2014a). Meanihigiarning experiences were rarely

experienced by PSTs in both program types in Poldondever, the few who had opportunities

> Progress is a value fostered in Western mathenedigsation that focuses on the development of kedye,
generalizing, and questioning in mathematics ctasss (Bishop, 1988; 2001).

>* Control values are related to the use of valpesgiction, and mastery which are predominant acfces that
aim at telling rather than reasoning (Bishop, 198%)1).
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to learn meaningful learning often, showed higlaertent knowledge, compared to others within
their institution. Studies have shown that intradgd®STs to meaningful learning experiences
assists them to develop their abstract thinking. (Elowers & Rubenstein, 2006; Steele, 2008).

Between-institution factors

The pedagogical approaches showed different patiaross the three countries.
Institutions in which PSTs had more group work\atés had higher MCK scores across the
three countries with a significant relationshighe United States. Institutions in which there
were more whole class discussions had higher MCRussia and Poland, but in the United
States more whole class discussions were relatadignificantly lower MCK. This inconsistent
finding in the relationships between practices thablve classroom talk and MCK in the United
States institutions calls for further examining hibv@se practices are conducted. Scholars have
proposed that whole group discussion should invisitreducing socio-mathematical norms
which allow for productive discussions (e.g.,Yac&eCobb, 1996). Others scholars have
introduced practices that aid in productive dismrss(Smith & Stein, 2011). Productive
discussions have been shown to be useful for alBiGs to learn from each other and is
associated with improvement in their content knalgke (Bartell et al., 2012; Coffey, 2004 ).
Further, opportunities to ask questions often aithe development of content knowledge, as
shown in the positive finding in the Polish genistgbrograms. Across the institutions in Russia,
institutions in which few PSTs reported teachingpgsnethods demonstrated by their instructors
had higher average MCK scores. These findings sidigat, in Russia, the institutions value for
practices that model control are related to PS€&setbpment of content knowledge.

Institutions in which PSTs had more opportuniteamalyze learning goals and were

more often introduced to standards-based curricilachhigher average MCK scores in Russia.
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Introduction to standards-based curriculum wastpesy related to PSTs’ MCK in the United
States and the Polish generalist programs. Mondstiebert (2009) found that PSTs could be
supported to identify the sub-concepts of a giesk as well as learn to explain and represent
the mathematical ideas in relation to the embeddédconcepts. Such opportunities developed
their content knowledge, as shown from the findimgRussia. In the United States and the
Polish generalist programs, the relationships betvwbe analysis of learning goals and MCK
were negative. These results differ with the presibndings done by Morris and Hiebert
(2007). It is possible that these OTL to teach mathitics were related to other dimensions of
knowledge for teaching and not the content knowddolegfween the institutions in the United
States and Poland. Also, these differing relatigpsshcross the three countries suggest that the
approaches used to introduce these OTL how tormpkthematics instruction for conceptual
understanding and the values emphasized in thed¢eaducation institutions were related to
different teaching competencies across the thrastdes.

Factors influencing PSTs’ mathematics pedagogicaintent knowledge
. In the three focal countries, the findings showeat teform-oriented pedagogical approaches
influence the MPCK of PSTs within the institutiansRussia and Poland, and between the
institutions in the three countries.

Pedagogical practices within the institutions

The pedagogical practice asking questions had#iy@mwithin-institution influence on
PSTs’ MPCK in Russia and in the Polish specialisgmms. Whole class discussions had a
positive influence of PSTs’ MCK in Russia and tlai$h programs. Previous smaller case study
findings indicate that experiencing models of refesriented pedagogical practices such as

whole group discussion and asking questions haibsiiye influence on PSTs pedagogical
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content knowledge (e.g., Coffey, 2004; Lloyd, 200&rr & Papick, 2004). As such, the findings
from this study corroborate that asking questiarg\@hole class discussions during
mathematics-related courses in pre-service tegueearation positively influences PSTs’
MPCK.

Learning how to plan mathematics instruction fonceptual understanding
Within-institution differences in opportunitiesathallow for learning how to plan
mathematics instruction and mathematics instruatilloenced PSTs’ MPCK in Russia and the

Polish generalist programs. Meaningful learningezignces, which have been shown to help

teachers analyze, select, and sequence modelstsappld manipulatives for teaching
(Hjalmarson & Suh, 2008), and develop strategiesdaching (Flowers & Rubenstein, 2006),
showed positive significant relationships with PSNI®CK in Russia and the Polish generalist
programs.

Learning mathematics instruction for conceptual enrstinding

Opportunities to learn mathematics instructiondgrhing why procedures work and
learning to make distinctions between procedurdl@nceptual knowledge had a positive
within-institution influence on the MPCK of the PSih the Polish generalist programs. The
OTL mathematics instruction for conceptual undemitag in which PSTs learned to show why
procedures work had a positive within-institutioflience on PSTs’ MPCK in all the three
countries. Although learning to show why procedwresk was not experienced often by some
PSTs, it is a promising practice that can buildP&Ts’ MPCK. Such instruction enables PSTs to
expand their repertoire of solution strategies gaid conceptual knowledge that is needed for
reform-oriented teaching, and is also needed fmtters to help them understand possible

students’ responses as expected in such classr&uises have shown that approaches to
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teaching that provide opportunities for providingpkanations develop PSTs’ competencies in
providing mathematics explanations (e.g., Charatamlet al., 2011), aid them in learning to
focus on student thinking, and strengthen theilitglto analyze critically different
representations used by students (Ryken, 2009urn the OTL mathematics instruction that
include learning to show why procedures work hadsitive within-institution influence on
PSTs’ MPCK.

Between-institution factors

Some reform-oriented pedagogical approaches iRthish generalist programs had
positive between-institution influence on the PSfgithematics pedagogical content knowledge,
but had a negative influence on the average MPCORuUssia across the institutions. In particular,
the opportunities to ask questions in the mathesalated courses had a positive influence on
PSTs’ MPCK in the Polish generalist programs, lad & negative influence on the Russian
PSTs’ MPCK across the institutions. Having oppaittaa to ask questions in the mathematics-
related courses was a practice that was experiewasionally yet the influence in these two
countries varied. The findings suggest that thatuisns in Russia and the Polish generalist
programs have varying institutional norms for thagtices used in their teacher preparation
programs. Pedagogical practices with an emphadiscture presentations had a negative
influence on PSTs’ average MPCK across the ingtitgtin the United States, while in Russia
and the Polish institutions these relationshipsevparsitively related to MPCK though not
significant.

Analysis of teaching and learning of mathematics jiedagogical practice that has been
documented to serve as a supportive context timeagsist PSTs to learn to reflect on teaching

practices and improve their pedagogical content@dge (e.g., Henningsen, 2008; Schifter &
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Bastable, 2008; Taylor & O’Donnel, 2009). In thiady the analysis of teaching and learning
had a positive between-institution influence on BMPCK in Russia. The patterns of
relationships in the other countries suggest thalyais of teaching and learning mathematics
had a positive influence on PSTs’ pedagogical edrkeowledge.

In the United States, the more the programs empéasearning the analysis of learning
goals and learning about meaningful learning expee, the more the PSTs gained in their
mathematics pedagogical content knowledge acressigiitutions. Similar to previous findings,
emphasizing the analysis of learning goals helg@t@sRo be able to identify sub-concepts of the
learning goals and use the identified sub-condeptvaluate students’ learning and identify
student errors (Hiebert et al., 2007; Morris & Heeth 2009). Additionally, meaningful learning
experiences have been found to help PSTs develogdanalyze, select, and sequence models,
manipulatives, and tasks so that students get mgfaiexperiences during their learning
(Hjalmarson & Suh, 2008). As such, these documeteatpetencies that are related to OTL
how to plan mathematics instruction for conceptualerstanding are part of the specialized
knowledge for teaching mathematics and are partathematics pedagogical content
knowledge needed for teaching mathematics.

Across the three countries, the OTL mathematidsuaoson for conceptual
understanding by emphasizing multiple solutiontegiges had a positive influence on PSTs
knowledge across the institutions. These findingsparallel to those found by Charalambous
and colleagues (2011), Ryken (2009), Bartell arkagues (2012), and Crespo (2000), in
which PSTs developed important dimensions of pegiagbcontent knowledge such as
recognizing conceptual understanding from studeetgponses and analyzing different

representations and strategies used by studerttse Polish programs learning mathematics for
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conceptual understanding by having opportunitiedigbnguish conceptual and procedural
knowledge had a negative influence on the MPCKsxctbe institutions.

The significant findings suggest that the instdos in the United States had values that
focus more on process than on control. In Russa#fues from the significant findings are
mixed, while in the Polish programs, the values leavards control than process.

Factors influencing PSTs’ beliefs about learning rtteematics

Within institution factors
Reform-oriented pedagogical approaches had a pesiiluence on the beliefs that PSTs have
about learning mathematics. In particular, withia tnstitutions, models of reform-oriented
practices had a positive influence on PSTs’ ingbilrefs in the United States and Russia. The
models of non-reform oriented practices had a pesibfluence on PSTs’ inquiry beliefs,
although lecture presentations also had a positiigeence on PSTs’ non-inquiry beliefs in the
United States .

The OTL the planning of mathematics instructiorabglysis of learning goals, and
introduction to standards-based curriculum weredbto be significant factors that influenced
PSTs inquiry beliefs about learning mathematicallithree countries, although in the Polish
programs analysis of learning goals and introdustito standards-based curriculum had a
positive influence on non-inquiry beliefs in theliBlo generalist and Polish specialist programs,
respectively. The OTL mathematics instruction foneeptual understanding that included, (i)
learning to distinguish conceptual and procedunaVidedge, (ii) learning to show why
procedures work, (iii) and learning to multiplegadn strategies, had a positive influence on the

PSTs’ inquiry beliefs for learning mathematics.
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Between institutions factors

Opportunities to learn to teach mathematics ision for conceptual understanding had
a positive influence on PSTs’ beliefs that had albearning mathematics in the United States
and Russia. In the United States, the institutinrvghich PSTs experienced group work, learned
to plan mathematics instruction for conceptual usid@ding by the analysis of learning goals
and meaningful learning experiences, and learngtlemnaatics instruction for conceptual
understanding that included distinguishing concalpand procedural knowledge and learning to
show why procedures work, had a positive influemedSTs’ inquiry beliefs about learning
mathematics. In Russia, institutions in which tIs&&'B experienced models of group work, had
lecture presentations, and had opportunities tmlabout meaningful learning experienced, had
a positive influence on PSTs’ inquiry beliefs. laliBh generalist programs, teaching using
methods demonstrated by the instructors, OTL tol## planning of mathematics instruction
and mathematics instruction, had a negative inflteean the inquiry belief about learning, but
opportunities to ask questions in their mathemattated courses had a positive influence on
their inquiry beliefs. These findings suggest ihahe Unites States and Russia, process values
have a greater effect than control values on P&qigny beliefs about learning mathematics. In
contrast, in Poland the values that influence ingbeliefs are more of control than progress..
Similar to the results shown in the two of the éheeuntries, Tang and Hsieh (2014) found that
the PSTs from East European countries had podigliefs about teacher instruction and using
explanations in teaching students, while PSTs fifeenAmerican region (the United States and
Chile) had negative views about teacher instructioth explanations to students. However, for

Russia, the significant results are not consistattt findings of Tang and Hsieh (2014).
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The findings about the factors that influence PSEdiefs are similar to findings from
previous smaller case studies done in teacher &doc®STs who experienced models of
reform-oriented pedagogical practices in their bea@ducation appreciated that learning
mathematics was different from what they were usd@.g., Lloyd, 2006; Tarr & Papick, 2004).
However, non-reform oriented practices can reaftinmbeliefs about teaching and learning that
PSTs bring to their teacher preparation (Eisendtaat., 1993). Other studies showed that PSTs
shifted to thinking more about problem solving &gges, and appreciated the investigations and
tasks in the standards-based curricula, when tlezg mtroduced to learning how to plan
mathematics instruction for conceptual understam¢eng., Morris & Hiebert, 2009; Lloyd,
2006). Finally, PSTs appreciated the influencenefdontext used in tasks that offered multiple
approaches and a focus on student thinking(e.gpebger, 1986; Ryken, 2009). In sum, if PSTs
have opportunities in which they engage in the @ssmf teaching as well as in observing
modeling of desired practices, they experienceitimess that these opportunities offer. Such
powerful opportunities can challenge their pre-exgsbeliefs about students learn mathematics
for conceptual understanding.

A summary of the key findings in this study were:

e The opportunities to ask questions during PSTsheragatics-related courses and engage
in whole class discussions had a positive withstHation influence on pedagogical
content knowledge of PSTs in the two East Europeamtries and on the content
knowledge of the PSTs in the generalist prograntserJnited States and Poland.

e Having opportunities to experience models of ref@mented practices had a positive
within-institution influence on PSTs’ inquiry belgeabout learning mathematics in all

three countries.
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e Opportunities in which PSTs learned to teach magt@s by teaching using methods
demonstrated by the instructor had a positive withstitution influence on PSTs’
inquiry beliefs about learning in the two partidipg Eastern European countries.

e Opportunities to learn how to plan mathematicsrucgion for conceptual understanding
that include the analysis of learning goals andnbreductions to standards-based
curriculum had a positive within-institution inflaee on inquiry beliefs about learning
mathematics in the generalist programs in all tiomentries.

e Opportunities to learn mathematics instructiondonceptual understanding that include
learning to show why mathematics procedures wodkehpositive within-institution
influence on PSTs’ inquiry beliefs about learningthematics in the generalist programs
of the three countries, while PSTs who learned erattics instruction that included
learning to explore multiple solution strategieshapupils had a positive within-
institution influence on inquiry beliefs about leang for the generalist programs in the
participating East European countries.

e Opportunities to learn to teach mathematics thatnote reform-oriented teaching
practices had positive between-institution influgeo some, but not all, dimensions of
PSTs’ knowledge and beliefs in the generalist @ogy in the three countries.

e Lecture presentations had a negative within anddxt-institution influence on PSTs *
knowledge for teaching mathematics in the Uniteatest

The patterns of the significant relationships withnd between institutions are summarized

on Figures 12 -19.
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Figure 12.A conceptual framework ¢
significant withininstitution relationships i
the United States. AQ= asking questic
CD=whole class discussion; LP=lectt
presentation; AQ= asking questio
GW=group work; AG= analysis of learnii
goals; SB= introductions to stande-based
curriculum; CP= make distinctions betwe
procedural and conceptual knowledge; P
show how procedures work.
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significant betweemnstitution relationships i
the United States. CD=whole class discuss
GW=group work; AQ= asking questior
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Figure 14.A conceptual framework of tt
significant withininstitution relationships i
the Russian Federation. CD=whole cl
discussion; TM=teaching using methc
demonstrated by instructor; AQ= aski
guestions; GW=group work; AG= analysis
learning goals; SB=introductions to stand-
based curriculumPW= show how procedur
work; SS=learn to explore multiple soluti
strategies.
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Figure 15.A conceptual framework of tt
significant withininstitution relationships i
Poland (generalist programs). CP=m
distinctionsbetween procedural a
conceptual knowledge; ME = meaning
learning experiences; PW= show h
procedures work; SS=explore multi
solution strategies; SB=introductions
standardd$sased curriculum; AG= analysis
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AQ= asking questions; GW=group wc
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Figure 16.A conceptual framework of tt
significant betweenmnstitution relationships i
the Russian Federation. AG= analysit
learning goals; SB=introductions to stand-
basedcurriculum; TM=teaching usin
methods demonstrated by instructor; A
analysis of teaching and learning; AQ= ask
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experiences; LP=lecture presentati
GW=group work.

T
CONTENT KNOWLEDGE |

CcD

PEDAGOGICAL
CONTENT
KNOWLEDGE

NON-INQUIRY BELIEFS

> dl(cllw >
5008 0CHEEE

(0]
o

INQUIRY BELIEFS

PW

Figure 17.A conceptual framework of tf
significant betweemnstitution relationships i
Poland (generalist programs). SS=exp
multiple solution strategies; CP=me
distinctions between procedural €
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7.1.3. Reflections on the Interpretations

The analysis described involved some limitationsluding (i) when the data was
collected; (ii) the analysis was limited to prevsee teacher reports; (iii) some countries did not
reach the percentage participation rate expectedeiEA,; (iv) lack of variables on prior MCK
and MPCK and beliefs about learning; (v) missinlyga in some country data, (vi) SES
indicators used.

First, the data was collected in 2008, and theectloe opportunities to learn and the
knowledge and beliefs about teaching and learniathematics amongst the PSTs in their last
year of their teacher preparation program may newlifierent. Teacher preparation programs
are always working to improve, and therefore important to note this ever-changing situation
when considering the present situation and wherimgakcommendations for the future.
However, the changes in programs need not affecassociations between pedagogical features
of programs and the teacher preparation outcomashvare at the center of this study.

Second, the analysis was limited to the PSTs’regbrt. The data used in this study was
only from the PSTs’ perspective, which may not aately represent characteristics of the
programs. Results must be interpreted as refleckggees of association with PST perceptions,
rather than association of the program featuresteddy the teacher educators.

Third, in the United States, the results are oahtlie public institutions. However,
because most teachers in the US are prepared lic jgtitutions, the results represent the
experiences of the majority of US elementary scheathers.

Fourth, the survey did not include the PSTs’ pkisowledge and beliefs about teaching

and learning elementary school mathematics. TheS-EDsurvey was the first large-scale
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cross-sectional study exploring the knowledge alekfs of PSTs towards the end of the teacher
preparation. The study, therefore, did not corfooprior knowledge and beliefs so that the
influence of the teacher preparation could be shmaere clearly. The SES and the gender were
some of the factors controlled in this study. Tinelihgs of the study like other large-scale
studies provide information of the relationshipsh&t time the data was collected.

Fifth, the presence of missing values in some efvidriables necessitated using
imputation methods, and a list-wise deletion. Tisewise deletion was only used at level 1
because not more than 10% of the data was misAlsg, at level 2 the missing values were
replaced with the mean scores in the institutidimss treatment of missing data made it possible
to include variables with high missing values &ele? instead of leaving the measures out
entirely. This treatment of missing values repré&senommon analytic practice, so is not a major
cause for concern.

Although there are limitations in this study, thgnsficant findings obtained in the study
should be given careful consideration becauseeoténeful and rigorous data collection
procedures conducted by the national teams, tleares coordinators of each of the
participating countries, and data processing certeall the participating countries with the
support of the IEA. The rigorous processes as agethe analytic procedures used in this study
produced results that can provide important finding
7.2. Implications for Mathematics Teacher Educatiorand Policy

As previously mentioned, debates in mathematiashsaeducation have focused on the
need to design teacher education programs thdeolyal the knowledge and beliefs about

teaching and learning mathematics that pre-setemehers bring to their teacher preparation
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(Borko & Putnam, 1996; CBMS, 2001; Feiman-Nems6613). During pre-service teacher
preparation, varied pedagogical approaches haveusszl in teaching different courses in
different disciplines, which then send mixed messagpout what good teaching is (Borko &
Putnam, 1992). For instance, some of the mathesabiarses are taught with a high level of
abstraction (Borko & Putnam, 1996) and the couases whole are not taught using connected
pedagogical approaches (Feiman-Nemser, 2001). pethase approaches to teaching have
contributed to some extent to the prevalent noarmeforiented pedagogical practices in our
mathematics classrooms today. In sum, it is impotteat PSTs experience unified pedagogical
approaches to teaching when learning how to teatheamatics for conceptual understanding.

Scholars have shown that thoughtfully designed gegiaal approaches lead to promising
outcomes (e.qg., Bartell et al., 2012; Charalamlzt., 2011; Eisenhart et al., 1993; Hiebert et
al., 2007; Schram et al., 1988). The findings fittvese studies in which varied tools have been
used to identify the competencies of pre-serviaeters, indicate that PSTs’ beliefs are
challenged more by doing and experiencing thes@adstof teaching during their pre-service
teacher preparation. As Grossman (1990) emphasagatknts learn through the apprenticeship
of observation. In other words, what they obsea iafluence their beliefs about what good
teaching is.

This study provided empirical evidence that modgpedagogical practices that focus on
reform-oriented instruction can have an influenod’&Ts’ knowledge for teaching mathematics
in diverse ways across the three countries. Thataviding PSTs with opportunities to ask
guestions and engage in whole group discussiomalpasitive within-institution influence on the

pedagogical content knowledge in Russia and Pokmtion the PSTS’ content knowledge in
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the United States. Further, programs that provamabrtunities for PSTs to experience models
of reform-oriented practices such as asking questio the Polish generalist program and group
work in the United States had a positive betweaititution influence on the PSTs knowledge
for teaching and content knowledge, respectivelgviding opportunities for the analysis of
teaching and learning mathematics had a positfigeince on PSTs’ pedagogical content
knowledge in Russia.

The findings suggest that experiencing models ofmedorm oriented pedagogical practices
can have diverse influences on PSTs’ knowledgeseassfound across the three countries. In the
United States listening to lecture presentatiortsahaegative within-institution influence on
PSTs’ knowledge for teaching mathematics, and legrno teach by teaching using methods
demonstrated by the instructors had a negativamitistitution influence on PSTs’ content
knowledge in the Polish specialist programs. Intiamt, OTL to teach mathematics that included
teaching using methods demonstrated by the insirtietd a positive between-institution
influence on PSTs’ content knowledge in the Russiatitutions.

The study also provided empirical evidence thatjling opportunities to experience
models of reform-oriented pedagogical practicesl,. @dw to plan mathematics instruction for
conceptual understanding, and OTL mathematicsuatstn for conceptual understanding can
influence PSTs’ beliefs about learning mathematiasomparable ways across the three
countries. That is, providing opportunities to gslestions, engage in whole class discussion,
and work in groups during their mathematics-relategrses had a positive within-institution
influence on PSTs’ inquiry beliefs about learningthematics in all the three countries. In

addition, having opportunities to learn how to pfaathematics instruction for conceptual
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understanding that included the analysis of legrgimals and introductions to standards-based
curriculum had a positive between-institution iihce on PSTs inquiry beliefs about learning
mathematics across the three generalist programistimree countries. OTL mathematics
instruction for conceptual understanding that idellearning to show why procedures work had
a positive within-institution influence on PSTstunry beliefs about learning mathematics in the
generalist programs in all three countries, whekrhing to explore multiple solutions strategies
with pupils had a positive within-institution inface on PSTs’ inquiry beliefs about learning
mathematics for the generalist programs in PolandRussia.

Pedagogical approaches used in teacher educatianfbeence particular PSTs’ beliefs in
specific countries. In the United States experisribat model reform oriented practices that
included opportunities to ask questions, engagehiole class discussion, and group work
activities had a negative within-institution influge on PSTs’ non-inquiry beliefs about learning
mathematics. Also, the OTL the analysis of learrgogls and introductions to standards-based
curriculum had a negative influence on PSTs’ ingjbeeliefs about learning mathematics. In the
United States, group work, analysis of learninglgcand OTL mathematics instruction for
conceptual understanding that include learninggbrdjuish conceptual and procedural
knowledge and multiple solution strategies, all hatkegative between-institution influence on
PSTs’ non-inquiry beliefs. In contrast, engagingtaup work, learning to plan mathematics
instruction for conceptual understanding that ideldi analysis of learning goals, meaningful
learning experiences, and OTL mathematics inswaodbr conceptual understanding that
included distinguishing between conceptual andgutacal knowledge, and learning to show

why procedures work, all had a positive betweetitintgon influence in PSTs’ inquiry beliefs.
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In addition, experiencing models of non-reform otesl pedagogical practices that include
listening to lecture presentations had a negatiflaeance on PSTs knowledge for teaching
mathematics in the United States. In the Polisleg®ist programs listening to lecture
presentation, the analysis of learning goals, atrdductions to standards-based curriculum,
learning to distinguish between conceptual andguaral knowledge, and learning to show why
procedures work, all had a positive between-insbituinfluence on PSTs’ non-inquiry beliefs.
In Russia, group work and listening to lecture préations had a positive between-institution
influence on PSTs’ inquiry beliefs.

These findings in which some relationships vary aiiers are comparable across the three
countries show that there are OTL to teach mathemttat hold in a large-scale context and
that have positive influences on PSTs’ knowledge lzgliefs about teaching and learning
mathematics. As such, teacher education progranmesge three countries can evaluate how
their programs influence their PSTs competencieslee for teaching mathematics and also
increase the frequency on the OTL to teach mathesiat show positive influences within
their countries.

Policies in teacher preparation should encourage mactivities in which PSTs are actively
participating in their learning to teach mathenstad learning by experiencing modeling of
best practices during teacher preparation. Furthergurriculum should include discussions for
planning mathematics lessons in which the PSTergaged in analyzing the learning goals,
analyze curriculum and use standards-based cuwncaktensively, and have in-depth
discussions about what meaningful learning inval¥@sally, the curriculum should include

ways that introduce PSTs to mathematics instrudboronceptual understanding through
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discussions and classroom activities. In sum, thieips should emphasize the need for PSTs to
take a more active role in their learning to teadthematics during mathematics teacher
preparation.

7.3. Implications for Further Research

This study used the Teacher Education and Develop8tedy in Mathematics to
examine the relationships between opportunitidedm to teach mathematics and knowledge
and beliefs for teaching and learning mathematiesray pre-service teachers in the final stage
of their teacher preparation. Longitudinal studrest can inform the influencing factors during
teacher preparation can provide more informati@m tinsing a cross-sectional study such as that
used in the TEDS-M study. This is because a lodgial study will provide more information
about the prior knowledge and beliefs that PST® laven they join their teacher preparation
and the competencies they have developed durifeyelit stages and at the end of their teacher
preparation. Also, studies on the influence of pcatexperiences are important for informing
policy for teacher preparation to add on to th&ugricing factors in mathematics teacher
preparation.

This study also serves as a guide for further pHugualitative studies in teacher
preparation. For example, in Chinese Taipei, tealte showed that listening to lecture
presentations was the pedagogical practice mogrexged in teacher preparation, yet this
country has consistently performed very well iremational assessments and was among the
highest in knowledge for teaching mathematics e@TREDS-M study. A study of their teacher
preparation programs might provide further insights ways that lecture presentations in

teacher preparation can be conducted with rewamlimgomes. More qualitative studies are

219



needed that use similar methodologies and datgsisgrocedures that outline the successful
pedagogical approaches that have been used tarpn@@aservice teachers to teach
mathematics. Finally, longitudinal studies are mekthat monitor pre-service teachers’
transition to their in-service teaching, to examirt@eir beliefs and knowledge about teaching
and learning mathematics are transferred to théuré teaching and the challenges of enacting

the practices learned during their teacher prejoarat
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Appendix A: Sample Items ofl nstitutional Questions

[Source: User guide TEDBFSupplement 1 (Brese & Tatto, 2012, p. 12; p, .

5.
How many years and months does 1t take for a typical <future teacher> to complete the

academic or subject-matter preparation of this consecuttve program?

MIAOOSA years and

MIAGOSB
months

2.
Which of the following characteristics or sources of information are used in selecting entering

<future teachers> for this teacher preparation program? Please indicate below how important

each of the characteristics or sources 1s in the selection process.
Check one box in each row.
Not Notvery  Somewhat Very
considered imporfant important important

mico2A A, The candidates’ overall level of attainment O, pi ! 0.
in their final year of <secondary> schooling,
as measured by school marks or grades

micoozs  B.  The candidates’ performance at the end of O, O, 1. i
their final year of <secondary> schooling, as
measured by their performance on a national
or state examination
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Appendix B: Sampleltems from Teacher Educators Questionnaire on Oppdunity to

Learn

[Source: User Guide TEDS-BMupplement (Brese and Tatto, 2012, p.54; pb7

2.
In the <course> you selected, how often do you give your <future teachers> the opportunity to

do the following?
Check one box in each row.

2
E
=
5 i
) = o =
z &~ =} =]
MEGo0za A, Analyze and use national or state standards or frameworks for Ok O O O
school mathematics
MEGoo2B  B.  Build on pupils’ existing mathematics knowledge and thinking O, 0. O, O,
skills
Dl Dl D; D4

MEGO02C (. Explore how to apply mathematics to real-world problems

1.
In the <course> you selected above, to what extent are your <future teachers> expected to do

each of the following?
Check gne box in each row.

;)-_.
=
=
= £
< [ g S
W = 1¥] S
z =4 o o
MEIO01A j )
A Listen to a lecture O, e i I,
MEI001B . . .
B. Ask auestions during class time iy | 0, 0.
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Appendix C: Sample tems on PreService TeachersBeliefs about Learning

[Source: User Guide TEDBFSupplement 1 (Brese and Tatto, 2012, p.

MFDO002ZA

MFD002B

MFD002G

MFD002H

2,

From your perspective, to what extent would you agree or disagree with each of the following

statements about learning mathematics?

A.  The best way to do well in mathematics is to memorize
all the formulas.
Pupils need to be taught exact procedures for solving
mathematical problems.

In addition to getting a right answer in mathematics, it is
important to understand why the answer is correct.

H. Teachers should allow pupils to figure out their own

ways to solve mathematical problems.
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Check one box in each row.

O O Strongly
= disagree
O O Disagree

b o

H

O

O [Slightly
“agree

iy

o

O o

O O Agree

agree

O [Strongly

@
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Appendix D: Sample tems used to Test PSTContent Knowledge and Pedagogice

Content Knowledge

[Source: User Guide TEDS-M Supplement 4 (Brese and Tatto, 2012, p. 6; p.11)

1D: MS Booklet: MS Block: Item Format: Max Points:
MEC106 PM1, PM5 B1FPM MC 1
Knowledge Content Domain: Sub-domain:
Dimension: Data Applying
MCK

MFC106  Two fair six-sided number cubes are thrown in a probability game and the two numbers at the

top are recorded.

\]
L]
. -

[Josie] wins if the difference between the two numbers 1s 0. 1 or 2.
[Farid] wins if the difference between the two numbers 1s 3. 4 or 3.

The students discuss whether the game is fair.

Which of the following statements 1s correct?

RS

Both have an equal chance of winming.

[Josie] has the greater chance of winning.

[Farid] has the greater chance of winming.

As the game involves number cubes. it”s not possible to say
who has the greater chance of winning.

Figure 2Q Sample item
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MFC2054 (a) A machine uses 2.4 litres of fuel for every 30 hours of operation.
How many litres of fuel will the machine use in 100 hours if it continues to use fuel at the same

rate?
Check one box.
A 12 m
B. 8.0 0.
%3 8.4 0,
D. 9.6 0.

MFC2068

(b) Create a different problem of the same type as the problem in (a) (same processes/operations)
‘ that is EASIER for <primary> children to solve.
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Appendix E: Distributions of the Outcome Variablesin the Three Countries
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Figure 21 Variation of PSTs’ MCK scores within the threaintries
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Figure 22.PSTs’ average MCK scores by institution within theee countries.
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GEN GRADE 6 MAX-USA GEN GRADE 4 MAX-POLAND
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Figure 23.PSTs’ MPCK scores within the three countries
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Figure 24.PSTs’ average MPCK by institution within the thomeintries.
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Figure 25.PSTs’ non-inquiry beliefs about learning matheosatvithin the three countries.
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Figure 26.PSTs’ non-inquiry beliefs by institution withinghhree countries.
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Figure 27.PSTs’ inquiry beliefs about learning mathematwsras within the three countries.
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Appendix F: Correlational Analysis of the Relation$ips between the Variables in the Study

Table 44:United States (generalists) -Correlational analysivariables used in the models

Correlations

GENDO IN GENIDO IN GENDO 1M Introduction GENWAGCT GENWGT GENWACT
GENMDO IN GENDO 1N MATH MATH WATH analysis of | tostandards- | meaningtull PP TO OPP TO OPP TO
MATH WATH COURSEICLA | COURSEITEA | COURSEWO learning based learmning LEARNMULT | LEARMWVHY | LEARNWAKE
female WORE_100_8 years of COURSEILIS | COURSEWASK s3 CH METHOD K 1M goals PSTs materials experince SOLUTION MAT PROC DISTINCTION
teachers s schooling TEN QUESTIONS | DISCUSSION DEMOMN GROUPS coninuous PSTs Cont PSTs cont STRAT WORKS s

Tfemale teachers Pearson Gorrelation 1 038 BCTE “o57 “0a0 BGED “o31 005 051 040 046 031 015 “o25

Sig. (2-tailad) 194 525 050 172 057 283 a71 082 179 121 290 615 301

N 1499 1185 1449 1165 1165 1163 1160 1160 1145 1158 1159 1158 1159 1157

MORE_100_BKS Pearson Corelation 038 g 320 “o10 000 ~o07 “o28 “oos 018 015 030 050 014 “oo2

Sig. (2-tailed) 194 o000 737 9gg 823 389 776 554 612 302 092 634 as7

N 1185 1185 1159 1164 1164 1162 1159 1158 1144 1157 1158 1157 1158 1158

years of schooling Pearson Gorrelation “oi7 240 1 “oat ~o08 o017 “oa1 045 0a5 045 031 076 000 047

Sig. (2-tailad) 525 000 13 787 557 165 101 135 117 284 010 996 16

N 1448 1158 1451 1144 1144 1142 1139 1138 1128 1138 1140 1138 1139 1137

GENDO I WATH Pearson Correlation “os7 “o10 “oar 1 “o1a oo 039 “o13 012 035 010 ~o08 002 018

COURSELISTEN Sig. (2-tailed) 050 737 113 622 828 180 657 675 233 746 230 936 537

N 1165 1164 1144 1167 1168 1164 1181 1161 1145 1158 1159 1158 1159 1157

GENDO IN MATH Pearson Gorrelation ~040 000 “ooe “ona 1 534 196 243 207 188 264 178 189 220

GoURSEasK Sig. (2-tailzd) A72 CEE] 787 622 .000 000 .000 .000 o000 000 .000 .000 000

N 1165 1164 1144 11686 1167 1164 1181 1161 1145 1159 1159 1158 1159 1157

GENDO I MATH Pearson Correlation “0s6 “o07 “otT 006 534 1 226 335 201 218 303 206 184 241

S aaass Sig. (2-tailed) 057 823 557 828 000 ooo 000 000 ooo 000 o000 ooo 000

N 1163 1162 1142 1164 1164 1165 1160 1158 1143 1158 1157 1156 1157 1155

GENDO IN MATH Pearson Gorrelation BCEY ~025 “oa 039 186 226 1 154 221 237 264 230 185 232

U= ardnl Sig. (2-tailzd) 293 388 165 180 .000 .000 .000 .000 o000 000 .000 .000 000

N 1160 1158 1139 1181 1161 1160 1182 1156 1140 1153 1154 1153 1154 1152

GENDO I WATH Pearson Correlation 005 “oos 040 BETES 23 335 154 1 228 273 327 244 233 239

Sonnag WoRKIN Sig. (2-tailed) 871 776 101 657 000 ooo ooo 000 ooo 000 o000 ooo 000

N 1160 1159 1139 1181 1161 1159 1158 1162 1141 1153 1154 1153 1154 1152

analysis of learning Pearson Gorrelation 051 018 045 01z 207 241 221 228 1 628 662 558 518 507

goals PSTs coninuous Sig. (2-tailed) 082 554 135 675 000 000 000 000 000 000 000 000 000

N 1145 1144 1128 1145 1145 1143 1140 1141 1147 1145 1148 1145 1148 1145

Tntroduction 1o Pearson Corelation 020 015 045 035 168 318 237 273 528 1 T1e 523 520 525

standards-based Sig. (2-tailed) 179 612 117 233 ooo 000 ooo ooo ooo ooo 0oo 000 ooo

materials PSTs Cont

N 1158 1157 1138 1158 1158 1158 1153 1153 1145 1160 1159 1158 1159 1157

meaningfull [earning Pearson Correlation 046 030 031 010 264 303 264 327 562 T4 1 555 530 472

experince PSTs cont Sig. (2-tailed) 121 302 294 746 000 ooo ooo 000 000 ooo 000 ooo 000

N 1159 1158 1140 1159 1159 1157 1154 1154 1148 1159 1181 1158 1159 1157

GENWACT OPP 10 Pearson Corelation 531 050 076 “oo6 178 306 230 244 558 523 555 1 580 261

'éiai_’;“MULTSOLUT‘ON Sig. (2-tailed) 200 092 010 EED) ooo 000 ooo ooo ooo ooo ooo 000 ooo

N 1158 1157 1138 1158 1158 1158 1153 1153 1145 1158 1158 1160 1159 1157

GENAGT OFPF TO Pearson Correlation 015 014 000 002 (e 184 195 233 518 520 530 580 1 539

RN MAT PROC Sig. (2-tailed) 615 634 996 a36 000 ooo ooo 000 000 ooo 000 000 000

N 1159 1158 1139 1159 1159 157 1154 1154 1145 1159 1158 1159 1161 1158

GENACT OPP 10 Pearsan Correlation ~025 —002 047 CIE] 220 20 232 239 507 525 a7z 461 539 1
E%;ﬁmg“‘_ﬁgﬁs Sig. (2-tailed) 31 aa7 116 537 ooo ooo ooo ooo ooo ooo ooo ooo ooo

N 1157 1158 1137 1157 1157 1155 1152 11852 1145 1157 1157 1157 1158 1159

* Correlation is significant atthe 0.05 level (2-tailed)

**_Correlation is significant atthe 0.01 level (2-tailed)
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Table 45:Russia- Correlation analysis of variables usedha models

Correlations
GENIDOIN | GEMDOIN | GENDO N Introduction GEMACT GENACT GENWCT
Analysis of GENDO IN GENIDO IN MATH MATH MATH analysis of to standards- meaningfull CFPTO OPP TO OPPTO
teaching and WATH WATH COURSEICLA | COURSEITEA | COURSEWD | lsaming bassd Isarming LEARMIMULT | LEARNIWHY | LEARMIMAKE
MORE_100_B years of female learning and COURSEWLIS | COURSEWASK EE CH OWN RKIN goals PSTs materials experince SOLUTION MAT PROC DISTINCTION
KS schooling teachers mathematics TEN QUESTIONS DISCUSSION METHOD GROUPS coninuous PSTs Cont PSTs cont STRAT WORKS S
WORE_100_BKS Pearson Corelation 1 253 008 132 044 114 129 104 057 8 085 100 071 053 025
sig. (2-tailsd) 000 6 00D 036 000 000 000 007 000 00D 00D o0t 013 245
N 2246 2091 2244 2169 2234 2227 2202 2214 2226 2157 2191 2210 2223 2207 2188
years of schoaling Pearson Correlation 253 1 -.043 036 .030 038 045 075 031 -014 -016 .0o2 -001 -.007 -046
sig. (2-ailed) 000 048 108 164 085 039 001 152 540 468 838 375 758 038
N 2091 2108 210 2038 2098 2088 2085 2078 2087 2026 2058 2078 2088 2071 2051
female teachers Pearson Correlation -.008 -.043 1 .082 078 072 038 048 067 109 A72 105 0s0 072 059
Sig. (2-tailed) 716 048 000 000 o0t 072 024 002 000 000 000 00 01 008
N 2244 2101 2260 2182 2248 2240 2218 2228 2240 2171 2208 2224 2237 2221 2202
Analysis ofteaching and  Psarson Comslation 137 036 087 1 138 337 78 369 365 414 467 165 360 366 401
ﬁzmg’g}:&i Sig. (2-tailed) 000 109 000 000 000 000 000 000 000 000 000 000 000 000
N 2189 2038 2182 2188 2188 2179 2155 2189 2178 2116 2148 2168 2178 2182 2151
GENIDO IN MATH Pearson Corelation 044 030 076 136 T 191 136 032 135 084 a7 31 037 035 047
COURSEWLISTEN Sig. (2-tailed) 036 164 000 000 000 000 128 000 000 000 000 078 038 050
N 2234 2005 2248 2188 2254 2241 2220 2230 2241 2174 2208 2227 2238 2221 2204
GENIDO IN MATH Fearson Corelation e 038 077 332 o1 T 01 267 228 270 286 285 T 181 180
gﬁggﬁg‘ﬁgK Sig. (2-tailed) 000 085 001 000 000 000 000 000 000 000 000 000 000 000
N 2227 2088 2240 2178 2241 2248 2210 2224 2233 2165 2197 2218 2229 2212 2196
GENIDG IN MATH Fearsan Cormelation 129 045 038 378 38 501 1 326 308 307 290 314 257 209 237
gg%i‘“’s%\‘%fss Sig. (2-tailed) 000 039 072 000 000 000 000 000 000 000 000 000 000 000
N 2202 2085 2216 2158 2220 2210 2222 2202 2211 2144 2178 2198 2208 2191 2178
GENIDO IN MATH Pearsan Corelation 104 075 048 369 032 267 326 1 253 303 281 300 287 281 267
ﬁg#ﬁosgm"o’* OWN Sig. (2-tailed) 000 001 024 000 128 000 000 000 000 000 000 000 000 000
N 2214 2078 2228 2169 2230 2224 2202 2234 2223 2156 2188 2210 2219 2202 2186
GENIDO IN MATH Pearson Correlation 057 031 067 365 135 228 305 253 1 270 284 255 194 178 151
gggiﬁg\““ow”" Sig. (2-tailed) 007 152 002 000 000 000 000 000 000 000 000 000 000 000
N 2226 2087 2240 2178 2241 2233 2211 2223 2246 2165 2198 2218 2229 2216 2197
analysis of lsaming Fearsan Cormelation 18 014 108 444 084 270 307 303 270 1 832 548 556 466 471
goals PSTs coninuous Sig. (2-tailed) 000 540 000 000 000 000 000 000 000 000 000 000 000 000
N 2157 2026 2171 2118 2174 2168 2144 2158 2165 2177 2150 2163 2174 2182 2148
Infraduction to Psarson Corelation 085 016 177 467 a7 266 290 281 284 537 1 583 495 487 ET)
standards-based Sig. (2-tailed) 000 466 000 000 000 000 000 000 000 000 000 000 000 000
materials PSTs Cont

N 2191 2056 2205 2148 2206 2157 2175 2188 2188 2150 2210 2197 2208 2194 2178
meaningfull lgarming Fearson Corelation 100 002 05 165 31 285 e 300 255 548 583 T 16 T} 478
sxperince PSTs cont Sig. (2ailed) 000 939 000 000 000 000 000 000 000 000 000 00 000 000
N 2210 2078 2228 2168 2277 2219 2196 2210 2218 2163 2197 2230 2224 2208 2192
GENACT OFF 10 Pearsan Corelation 071 001 080 360 037 104 257 287 KED 556 498 18 T 530 475
éigi?"“'u” SOLUTION i (2.tailed) 001 a75 000 000 079 000 000 000 000 000 000 000 000 000
N 2223 2085 2237 2178 2238 2229 2208 2219 2229 2174 2208 2224 2243 2221 2208
GENIAGT OFF 10 Pearson Corelation 053 007 077 356 035 181 209 281 178 466 182 454 530 1 555
FJ\‘ESSD;WHY MATPROC gy (2-tailed) 013 758 001 000 098 000 000 000 000 000 000 000 000 000
N 2207 2071 2221 2162 2221 2212 2191 2202 2216 2162 2104 2208 2221 2226 2192
GENACT OPP 10 Fearsan Cormelation 025 045 058 a0 042 180 237 263 KE] am 484 478 478 555 1

E%ﬁmmﬁss Sig. (2-tailed) 245 038 006 000 050 000 000 000 000 000 000 000 000 000
N 2188 2051 2202 2151 2204 2198 2178 2188 2187 2148 2178 2192 2208 2192 2208

** Caorrelation is significant atthe 0.01 level (2-1ailed).
* Correlation is significant atthe 0.05 level (2-tailed)
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Table 46:Poland (generalists)-Correlation analysis of theiahles used in the models

Correlations
GEMIDDIN | GENIDGIN | GEMDDIN Introduction GENIACT GEMACT GENACT
GENIDO IN GENDO IN MATH MATH MATH Analysis of analysis of to standards- meaningfull QPP TO OPPTO OPP TO
MATH WATH COURSE\CLA | COURSEVTEA | COURSEWO | teaching and Izaming hased leaming | LEARMWMULT | LEARMWHY | LEARNWAKE
female years of MORE_100_B COURSEWIS | COURSEWSK S8 CHMETHOD RKIN learning and goals PSTs materials experince SOLUTION MAT PROC DISTINCTION
teachers schooling KS TEN QUESTIONS DISCUSSION DEMON GROUPS mathematics CONNUOUS PSTs Cont PSTs cont STRAT WORKS S
female teachers Pearson Correlation 1 -.052 -.030 084 -041 -033 -025 044 -.042 -034 -013 -033 .009 -033 -023
Sig. (2-tailsd) 068 248 01 108 169 301 088 110 188 812 207 724 207 87
N 1498 1266 1493 1490 1490 1486 1475 1483 1461 1418 1460 1468 1475 1474 1468
years of schooling Pearson Correlation -.082 1 hE:d -.066 033 013 023 -.020 016 000 -.012 -023 014 -028 -.019
Sig. (2tailed) 065 000 019 242 850 414 484 564 996 885 46 616 315 497
N 1266 1266 1266 1260 1260 1258 1246 1287 1236 1192 1238 1241 1248 1248 1243
WORE_100_BKS Paarson Corslation 030 188 T 7 096 04 051 020 041 010 060 063 178 066 014
Sig. (2-tailsd) 248 000 510 000 000 050 149 116 700 023 016 282 011 503
i 1493 1266 1494 1488 1488 1485 1473 1481 1458 1416 1454 1466 1475 1474 1468
GENDD N MATH Pearson Corelation 084 ~066 17 1 081 088 042 057 088 il 053 051 026 062 063
COURSELISTEN Sig. (2-tailed) 001 019 510 002 001 108 000 001 007 016 053 310 017 015
N 1490 1260 1488 1491 1488 1481 1470 1478 1456 1411 1450 1481 1470 1469 1463
GENDD N MATH Pearson Correlation o4 033 096 081 T 564 259 148 77 212 201 263 178 RE 138
gags%‘;}g“ Sig. (2-talled) 108 242 000 002 000 000 000 000 000 000 000 000 000 000
N 1490 1260 1488 1486 1491 1482 1472 1479 1458 1412 1451 1463 1471 1469 1464
GEMDO IN MATH Pearson Conrslation 033 ITE] 104 088 564 T 760 224 757 210 224 790 201 187 43
B\C;L(JITJSSES\\%L:SS Sig. (2-tailed) 199 650 000 001 000 000 000 000 000 000 000 000 000 000
i 1486 1258 1485 1481 1482 1487 1468 1475 1454 1411 1450 1461 1450 1467 1462
GENDD N MATH Pearson Corelation 025 023 051 042 259 250 1 270 308 309 308 308 220 RES 183
;é’:ﬁosg\ga%m Sig. (2-tailed) 3 44 050 105 000 000 000 000 000 000 000 000 000 000
N 1475 1246 1473 1470 1472 1468 1478 1468 1448 1407 1450 1485 1461 1458 1484
GENDD N MATH Pearson Corelation 044 020 020 087 148 224 270 1 280 218 224 213 182 187 167
gggsgg\woww Sig. (2-talled) 088 484 443 000 000 000 000 000 000 000 000 000 000 000
N 1483 1257 1481 1478 1479 1475 1468 1484 1456 1408 1458 1460 1450 1466 1461
Analysis ofteaching and  Psarson Conrslation 042 016 041 088 172 257 308 289 1 358 358 387 253 266 254
‘;Z't;‘e”ra:n”c"s Sig. (2-tailed) 10 564 16 001 000 000 000 000 000 000 000 000 000 000
N 1481 1236 1459 1456 1458 1454 1448 1488 1462 1389 1438 1440 1407 1445 1438
analysis of lsaming Pearson Corelation 034 000 010 o7t 217 240 309 208 308 1 558 564 518 g 475
goals PSTs caninuous——— gjg. (5 tajjeq) 198 096 700 007 000 000 000 000 000 000 000 000 000 000
N 1416 1102 1416 1411 1412 1411 1407 1408 1389 1417 1405 1405 1412 1409 1408
Introducion to Pearson Conrslation 013 o1z 060 063 201 24 308 224 358 558 1 690 517 519 536
standards-based Sig. (2-tailed) 612 585 023 016 000 000 000 000 000 000 000 000 000 000
materials PSTs Cont

N 1484 1238 1484 1458 1481 1459 14854 1488 1438 1405 1465 1487 1462 14859 1487
msaningfull saming Pearson Corelation 033 03 063 051 253 250 308 213 367 ET 560 1 558 527 153
experince PSTs cont Sig. (2-talled) 207 416 016 053 000 000 000 000 000 000 000 000 000 000
N 1486 1241 14686 1461 1483 1481 1455 1480 1440 1405 1457 1467 1453 1480 1456
GENWACT OFF TO Pearson Conrslation 008 T 028 026 176 201 720 187 757 518 517 558 1 567 187
gigi:\'“‘““ SOLUTION gy (2-tailed) 724 516 282 310 000 000 000 000 000 000 000 000 000 000
N 1475 1219 1475 1470 1471 1489 1481 1489 1447 1412 1482 1483 1476 1471 1485
GENACT GPP T0 Pearson Corelation 033 028 066 052 REX 182 RES 147 266 7 518 527 587 1 577
,;?SSE;WHY VATFROC  gig. (2-tailed) 207 315 011 017 000 000 000 000 000 000 000 000 000 000
N 1474 1248 1474 1450 1489 1487 1488 1486 1445 1408 1450 1460 1471 1475 1463
GENWACT OFF TO Pearson Conrslation 023 ote o1e 063 136 43 63 167 754 478 536 493 187 577 T

E\ESATFWEM%ES Sig. (2-tailed) 387 197 602 015 000 000 000 000 000 000 000 000 000 000
N 1488 1243 1488 1463 1484 1482 1454 1481 1430 1408 1457 1458 1485 1463 1460

** Carrelation is significant atthe 0.01 level (2-tailed)

* Correlation is significant at the 0.05 level (2-tailed)
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Table 47:Poland (specialists)-Correlation analysis of varies® used in the analysis

Correlations
GEMDOIN | GENDOIN | GEMDO IN Introduction GENIACT GENWACT GENWACT
GEMDOIN | GEMDO IN MATH MATH Analysis of analysisof | tostandards- | meaningfull OPPTO OPPTO
WATH WATH COURSEICLA | COURSEITEA | COURSEWO | teaching and learning based Ieaming LEARNMULT | LEARNWHY | LEARNIMAKE
female years of MORE_100_B | COURSEILIS [ COURSEWSK S5 CHMETHOD RKIN learning and goals PSTs materials experince SOLUTION MAT PROC DISTINCTION
teachsrs schooling s TEN QUESTIONS | DISCUSSION DEMON GROUPS | mathematics | coninuous PSTs Cont PSTs cont STRAT WORKS s
femals teachers Pearson Correlation T 048 035 118 011 0 156 60 023 032 096 074 066 008 029
Sig. (2-tailed) "7 564 046 852 086 008 008 705 600 12 219 272 898 830
N 280 280 280 280 280 280 279 278 280 268 277 279 277 277 276
years of schooling Pearson Correlation -.049 1 032 -.062 .035 004 -150 .77 014 013 055 .032 025 .025 .0a7
Sig. (2-tallsd) 7 588 302 564 944 012 201 814 831 358 589 683 677 807
N 280 281 281 281 281 281 280 279 281 268 277 280 277 277 276
MORE_100_BKS Pearson Correlation 035 032 1 055 08 36 012 912 046 086 084 035 003 070 001
Sig. (2-talled) 564 588 355 077 023 848 839 440 161 185 14 956 243 083
N 280 281 281 281 281 281 280 279 281 268 277 280 277 277 276
GEMDO IN MATH Pearson Correlation 118 062 085 1 16 089 074 022 087 090 160 124 088 025 003
COURSEIISTEN Sig. (2-tailed) 046 102 355 052 135 215 709 146 142 008 038 1441 80 964
N 280 261 281 281 261 281 280 279 281 268 277 280 277 277 276
GEMDO IN MATH Pearson Correlation o011 035 106 116 T 686 233 078 169 221 216 195 151 137 216
gaggﬁg‘sg“ Sig. (2-tailed) 252 564 077 052 000 000 193 005 000 000 001 012 022 000
N 280 281 281 281 281 281 280 279 281 268 277 280 277 277 276
GEMDG IN WATH Pearson Correlation 110 004 136 089 888 1 253 182 77 287 300 261 207 213 237
8%%6%3%?53 Sig. (2-tailed) 066 944 023 135 000 000 002 003 000 000 000 001 000 000
N 280 281 281 281 281 281 280 279 281 268 277 280 277 277 276
GEMIDO IN MATH Pearson Correlation 159 I 012 074 233 253 T 47 51 182 338 326 062 160 149
pipieliang Sig. (2-talled) 008 012 848 215 000 000 014 o1 003 000 000 302 008 013
N 279 280 280 280 280 280 280 278 280 267 276 279 276 276 275
GEMDO IN MATH Pearson Correlation 160 077 012 022 078 182 147 1 031 323 208 317 228 147 172
gggsgg\woww Sig. (2-tailed) 008 201 839 700 193 002 014 810 000 000 000 000 015 004
N 278 279 279 279 279 279 278 279 279 266 275 278 275 275 274
Analysis ofteaching and _ Psarson Corrafation 023 014 046 087 169 177 151 031 1 198 217 188 095 120 g
learning and Sig. (2-tailed) 705 814 440 146 005 003 o11 610 001 000 002 116 045 048
mathematics
N 280 261 281 281 261 281 280 279 281 268 277 280 277 277 276
analysis of Isaming Pearson Correlation 032 013 086 090 221 287 182 323 198 T 660 585 596 568 528
goals PSTs coninuous Sig. (2-tailed) 600 831 181 142 000 000 003 000 001 000 000 000 000 000
N 268 268 268 268 268 268 267 268 268 268 268 268 268 268 267
Tntroduction to Pearson Correlation 096 055 084 160 218 300 336 288 217 660 1 ZE 525 547 492
standards-based Sig. (2-tailed) 112 358 165 008 000 000 000 000 000 000 000 000 000 000
materials PSTs Cont
N 277 277 277 277 277 277 276 275 277 268 277 277 277 277 276
meaningiull 1saming Pearson Correlation 074 032 05 124 RES 261 326 37 180 685 713 1 528 486 425
experince PSTs cont Sig. (2-tailed) 219 589 114 038 001 000 000 000 002 000 000 000 000 000
N 278 280 280 280 280 280 278 278 280 268 277 280 277 277 276
GENIACT OPF 10 Pearson Correlation 066 025 003 085 51 207 062 228 035 538 525 526 7 506 425
;E;F;?‘\MULTSO'—UT‘ON Sig. (2-tailed) 272 683 956 141 012 001 302 000 16 000 000 000 000 000
N 277 277 277 277 277 277 276 275 277 268 277 277 277 277 276
GEMIACT OPF 10 Pearson Correlation 008 025 070 025 137 217 160 47 120 588 547 186 606 1 498
APNINHVMATPROC  sig. (2-tailed) a08 77 243 580 022 000 008 015 045 000 000 000 000 000
N 277 277 277 277 277 277 276 275 277 268 277 277 277 277 276
GENIACT OPP T0 Pearson Correlation 028 007 001 003 218 237 128 172 g 528 492 425 478 496 1
A Sig. (2-talled) 530 807 983 964 000 000 013 004 048 000 000 000 000 000
N 276 276 276 276 276 276 275 274 276 267 276 276 276 276 276

*. Carrelation is significant atthe 0.05 Ievel (2-tailsd),

** Correlation is significant at the 0.01 level (2-tailed)
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Appendix G: Reliability Analysis

Table 48:Reliability analysis for creating composite measanalysis of teaching and learning

Valid Percent  Missing  Percent  Total Percent  Reliability Statistics ~ using 4 variables. Kolmogorov-Smirnova Shapiro-Wilk
Cronbach's Cronbach's Mean ~ Median  Std. Error standard diSkewness Kurtosis ~ Statistic ~ df Sig. Statistic ~ df Sig.
all countries
Botswana 81 94.20% 5  5.80% 8  100.00% 0.79 0787 10.1481 10 031726 285531 -0.52434 -0.65784 0111 81 0.015 0.975 81 0.119
Chile 634 96.50% B 350% 657 100.00% 0772 0775 91293 9 011994 302005 2.886598 -2.72165 0.0 178 0 0968 178 0
Chinese Tai 915 99.10% 8 090% 923 100.00% 0813 0821 85716 9 00946 286151 2950617 -2.41358 0102 634 0 097 634 0
Georgia 408 80.60% 98 19.40% 506 100.00%  0.745 0755  9.1348 9 015639 315901 1.371901 -3.49793  0.085 915 0 0966 915 0
Germany 1003 97.20% 29 280% 1032 100.00% 0.76 0775  6.8604 6 008399 266013 9.116883 -2.01299  0.098 408 0 0966 408 0
Malaysia 569  93.80% 7 120% 576 100.00% 0825 0829 10.8858 11 010574 252229 -118627 -0.64706  0.151 1003 0 0899 1003 0
Philippines 577 97.50% 15 250% 592 100.00%  0.794 0798  11.026 11 009984 239814 -1.83333 -130049  0.095 569 0 0976 569 0
_ _ . _ . 10000% 078 | - '
Singapore 378 99.50% 1 050% 380 100.00%  0.804 0805  9.2063 9 013795 268205 109  -0.636 0.088 2188 0 0877 2188 0
Spain |
Switzerfanc 922 98.50% 14 150% 936 10000% 0741 0752 83883 § 008813 267595 3.395062 -3.52795 0.107 378 0 0975 378
Thailand 654 99.10% 6 090% 660 100.00% 0764 0784 10.1575 10 009281 237353 0729167 -124084  0.103 922 0 0968 922
0811
Norway (Al 38  98.50% 6 150% 392 100.00% 0778 0784  7.6036 § 012218 240041 2.145161 -1.44758 0.072 681 0 09712 681 0
Norway (Al 154 96.90% 5 310% 159 100.00% 0.818 0818  8.7662 9 021953 272436 1.230769 -0.27506 0.104 386 0 0.955 386 0
Note that Spain PSTs did not answer MFBOOSI( read research in mathematics education) 0.091 154 0.003 097 154 0.002

Note that in the United States the missing and 9 s from PSTs not responding to MFBOOSI( read research on mathematics education).
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Table 49:Reliability analysis for creating composite measimteoduction to standarc-based curriculum

preservice teachers introduction to standards based curriculum

alpha standardized alfvalid percent [Mean Median SE SD Skewness Kurtosis
all countries .660 .663 92.0 8.8567 9 0.01933 2.15669 22.9545 7
T_sn 87.2 8.6133 9 0.18782 1.62658 3.61 0.01
Chile 576 .b78 6.5 9.4211 10 0.07789 1.96114 6.38 0.9227
Chinese Taipei [.608 614 9.7 9.025 0.06122 1.8568 6.593 0.633
Georgia .684 .685 2.5 7.8747 0.13757 2.63553 1.63 6.98
Germany 714 .720 97.7 8.373 0.07777 2.46922 5.5 3.968
Malaysia .675 .676 96.2 9.0523 0.07638 1.79787 5.779 1.89
Philipines .583 .586 96.8 9.4869 10 0.06444 1.54261 4.716 0.392
poland .640 .643 98 8.4219 9 0.04802 2.18429 6.592 4.09
Russian .620 .623 97.5 819 10 0.04069 1.91263 19.46 5.932
Singapore 1579 581 90.5 9.164 0.08697 1.69085 3.4 0.128
Spain .634 .633 97.4 7.3756 0.06433 2.09945 1.387 3.64
Switzerland 530 531 97.8 8.1869 0.06183 1.97026 1.543 2.16
Thailand .631 .638 97.9 8.5728 0.07678 1.95138 3.26 1.536
United States [.630 .630 77.3 9.9112 10 0.05246 1.7867 12.51 5.444
Norway(ALU) [.532 531 98.5 7.2617 0.09305 1.82804 0.548 1.069
Norway(ALU+) [.501 .489 98.1 7 0.13642 1.70389 0.696 0.645
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Table 50:Reliability analysis for creating composmeasure meaningful learning experiences

preservice teachers -meaningful learning experiences
alpha standardized alfvalid percent [mean median Se SD Skewness kurtosis
all countries 718 718 92.5 11.7006 12 0.02498 2.78757 22.59 7.022
Botswana .565 .582 1.9 12.6709 13 0.23745 2.11054 3.3 4.447
chile 668 676 7.4 12.9016 13 0.09736 2.46312 7.928 0.207
chinese taipei [.664 .662 9.3 11.8168 12 0.08137 2.46398 5.481 0.696
georgia .631 .632 6.9 9.8175 10 0.15649 3.0864 0.395 3.583
germany 734 .735 6.9 10.04 10 0.09235 2.92043 2.896 3.4774
malaysia .755 757 7.2 12.1 12 0.09777 2.31368 6.01 2.941
philipines .667 .668 6.8 13.3089 14 0.07769 1.85973 5.618 0.3676
poland .678 .680 8.1 10.2231 10 0.06271 2.85367 1.667 6.065
russian federatiq.650 .655 8.4 12.8601 13 0.04916 2.32164 15.17 2.269
singapore .599 .602 9.5 12.455 12 0.09638 1.87383 2.576 0.988
spain .699 .698 8.2 10.8686 11 0.08266 2.70752 3.72 2.8322
switzerland .622 .622 8.8 10.8551 11 0.07805 2.37378 2.388 2.503
thailand 713 .718 8.6 10.9601 11 0.10638 2.71434 3.76 2.39
United States [.695 .694 7.3 13.6374 14 0.06168 2.10179 12.08 3.238
norway(ALU) [.644 .647 8.5 11.4922 12 0.11439 2.24735 1.94 1.052
Norway(ALU+) [.644 .645 8.7 11.2739 11 0.16775 2.10193 2.15 2.0467
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Table 51:Reliability analysis for creating composite measanalysis of learning goe

preservice teachers analysis of learning goals

alpha standardized aldvalid percent [mean median Standard error |standard deviati{ Skewness Kurtosis
all countries 0.646 0.647 87.3 8.3524 9 0.01921 2.14353 1413 10.68
botswana 445 444 67.4 8.4655 9 0.24988 19 0.631 0.408
chile 560 563 87.7 8.7882 9 0.08605 2.0651 457 1.02
chinese taipei [.577 579 9.2 8.0033 8 0.06139 1.85808 2.6 1.633
georgia 1] 554 48.0 7.6296 8 0.15312 2.38683 0.97 291
Germany 659 .658 [34.7 8.2733 8 0.06805 2.12712 3.28 3.67
malaysia 616 618 95 8.3492 9 0.07794 1.82288 3.75 0.02
philipines 559 561 1.6 9.2594 9 0.08047 1.65704 2.85 1.16
poland 588 .589 4.7 6.7946 7 0.04516 2.01997 2.72 477
russian federati¢.620 620 6.1 9.31 10 0.04154 1.93816 14.06 2.51
singapore 593 595 98.7 8.9413 9 0.08598 1.66492 2444 0.19
Spain 629 629 0.3 7.4397 7 0.06639 2.08568 1.218 3.21
switzerland 505 508 94.3 8.863 9 0.05731 1.70304 2.75 1.21
thailand 650 651 5.2 8.5016 9 0.08146 2.04144 3.337 1.605
United States  [.631 635 6.4 9.6565 10 0.0527 1.78482 9.07 1.465
Norway (ALU) [.369 367 2.6 7.3774 7 0.08508 1.62108 0.0625 0.078
Norway( ALU+) [.500 501 87.4 7.6691 8 0.1325 1.56218 1.689 0.122
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Table 52:Reliability analysis for creating composite measimguiry beliefs about learning mathematics

Cases Tests of Normality

Valid Missing Total Kolmogorov-Smirnova Shapiro-Wilk

N Percent N Percent N Percent  cronbach a standardizeMean ~ Median ~ Std. Error Std. Deviati Skewness kurtosis ~ Statistic ~ df Sig. Statistic ~ df Sig.
allcountrie 13184 912 1267 88 14451 100 0714 0721 243369 5 003073 352842 -46.4286 6104651 0095 13184 0
Botswana 79 9190% 7 810% 8 10000% 0358 0448 248228 25 032864 292101 -1.49815 1357009 011 79 0018 0964 79 0023
Chile 612 93.20% 45 6.80% 657 10000% 0649 0659 258562 26 01298 321549 -8.78788 6.091371 0105 612 0 093 612 0
Georgia 435 86.00% 71 14.00% 506 100.00%  0.869 087 201977 22 029368 612523 -7.23932 -053419  0.164 435 0 0916 435 0
Germany 972 94.20% 60  5.80% 1032 100.00% 0736 0747 25485 26 010397 324153 -13.7051 2044586  0.109 972 0 091 972 0
Malaysia 558 96.90% 18 310% 576 10000% 0747 0757 226165 23 017011 401834 -10.165 1245146 01 558 0 0938 558 0
Philippines 512 96.60% 0 340% 592 100.00% 0546 0576  24.0297 24 012806 3.06283 -2.96078 -0.45588  (0.088 572 0 0.98 512 0
Poland 2016 95.50% 9%  450% 2112 10000% 0763 0.77 243457 25 008129 365008 -14.4364 17.11927 0089 2016 0 093 2016 0
Singapore 376 98.90% 4 110% 380 10000% 0616  0.633 23909 24 014935 289594 -0.89683 0450199  0.089 376 0 098 376 0
Spain 1072 9.10% 21 190% 1093 10000% 0664 0665 237071 24 010516 344302 536 207386 0083 1072 0 0978 17 0
Switzerlan 927 99.00% 9 100% 936 100.00% 0635 0644 256354 26 00852 260684 46375 -1.8375  0.09 927 0 097 927 0
Thailand 647 98.00% 13 200% 660 10000% 0601 0631 24.2411 8011772 299442 6 7083333 0085 647 0 097 647 0
Norway (Al 375 95.70% 17 430% 392 10000% 0701 0707 243333 24 015403 298272 -0.555%6 -116335  0.077 315 0 0979 315 0

Norway (Al 154 96.90% 5 3.10% 159 100.00% 0701 0711 248506 25 023808 295452 -0.75897 -1.23907  0.087 154 0006 0974 154 0005
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Table 53:Reliability analysis for creating composite measuooe-inquiry beliefs about learning mathema

Cases
Valid
N

all countrie 1

Botswana

Chile

Georgia
Germany
Malaysia
Philippines
Poland

Singapore
Spain
Switzerlanc
Thailand

Norway (Al
Norway (Al

3029
79
597

411
959
550
562
1977

370
1071
914
634

381
152

Percent

90.20%
91.90%
90.90%

81.20%
92.90%
95.50%
94.90%
93.60%

97.40%
98.00%
97.60%
96.10%

97.20%
95.60%

Missing

1422
7
60

95
73
26
30
135

10
22
2
26

11
7

Percent

9.80%
8.10%
9.10%

18.80%
7.10%
4.50%
5.10%
6.40%

2.60%
2.00%
2.40%
3.90%

2.80%
4.40%

Total

14451
86
657

506
1032
576
592
2112

380
1093
936
660

392
159

Percent

100.00%
100.00%
100.00%

100.00%
100.00%
100.00%
100.00%
100.00%

100.00%
100.00%
100.00%
100.00%

100.00%
100.00%

0.805
0.564
0.688

0.729
0.682
0.786
0717
0.754

0.739
0.693
0.599
0.779

0.678
0.722

0.81
0.57
0.69

0.72
0.68
0.79
0.72
0.76

0.74
0.70
0.60
0.78

0.68
0.72

cronbach a standardize Mean

23.1009
23.962
243769

29.8005
19.6361
31.8055

325
241381

22.0189
21.1447
18.2812
21.0994

18.9633
17.5461

Median

22
23
24

31
20
32
33
24

22
21
18
20

19
17

244

0.06043
0.66352
0.26679

0.34942
0.15447
0.29029
0.25679
0.14201

0.28481
0.16233
0.13264
0.25695

0.24109
0.37755

Std. Error  Std. Deviati Skewness  kurtosis

6.89721 27.38095 6.302326
589751 1.073801 0.293458

6.51871

7.08376
478363
6.80782
6.08767
6.31404

3.55

5.6
435443
-1.53846
-3.34951
5.618182

1.01

2.591667
2829114

-0.625
-0.11165
2.090909

5.47843 2.685039 3.434783

531235
4.00995

2133333
1.45679

-0.6443
-0.16049

6.46985 6.546392 4.994845

4.70596
4.65475

2.168
1.284264

2811245
-0.65985

0.073
0.096
0.057

0.09
0.05
0.047
0.075
0.048

0.05
0.044
0.061

0.08

0.057
0.071

13029
79
597

411
959
550
562
1977

370
1071
914
634

381
152

Tests of Normality
Kolmogorov-Smirnova
Statistic

0
0.066
0

0.027
0
0
0

0.005
0.059

Shapiro-Wilk
Statistic

0.983
0.99

0.968
0.987
0.994
0.988
0.991

0.988
0.994
0.992
0.974

0.986
0.985

79
597

411
959
550
562
1977

370
1071
914
634

381
152

0.395
0

o o

0.04

o o

0.003
0
0
0

0.001
0.097



Appendix H: Models for Multi-level Regressions Andysis Included

Table 54:Multi-level models between OTL how to plan math@satstruction and non-inquiry
beliefs about learning mathematics within instidas (meaningful learning experiences)

Variables United States Russia
Intercept 20.99*** 24.92%**
(0.59) (0.34)
Level 1
GENDER 0.33 0.20
(1.08) (0.51)
YEARSOF -0.07 0.003
(0.15) (0.08)
MORETHAN -0.14 -0.11
(0.52) (0.32)
MEAN_LRN -0.52%** 0.004
(0.15) (0.072)
Variance
Components
Intercept ug 5.88 4.17
Level 1r 26.23 29.57
ICC 0.18 0.12
Reliability 0.809 0.848
coefficient

p<.10, **p<.05, **p <.001

Table 55:Multi-level models between OTL how to plan math@satstruction and inquiry
beliefs about learning mathematics within instibas (meaningful learning experiences)

Variables United States Russia Poland Poland
(Gen) ( Spec)

Intercept 24.20%** 24, 53*** 24.23%** 25.60***
(0.28) (0.17) (0.15) (0.27)

Level 1

GENDER -0.74 0.14 2.09 0.15
(0.55) (0.22) (0.76) (0.46)

YEARSOF 0.01 -0.04 -0.10+ 0.28***
(0.07) (0.04) (0.06) (0.07)

MORETHAN 0.19 0.10 0.08 0.28
(0.23) (0.15) (0.21) (0.42)

MEAN_LRN 0.38*** 0.24%** 0.17%* 0.20**
(0.08) (0.03) (0.04) (0.07)

Variance

Components

Intercept ug 1.18 0.69 0.52 0.88

Level1r 3.01 7.79 12.67 7.28

ICC 0.28 0.08 0.04 0.11

Reliability 0.715 0.784 0.511 0.511

coefficient

p<.10, **p<.05, **p <.001

245



Table 56:Multi-level models between OTL how to plan math@satstruction and inquiry
beliefs about learning mathematics between ingist (introduction to standards-based

curriculay
Variables United States Poland Poland
(gen) (Spec)
Intercept 24.19*** 24.23*** 25.60***
(0.26) (0.16) (0.27)
Level 1
GENDER -0.57 1.94** 0.15
(0.57) (0.77) (0.49)
YEARSOF 0.02 -0.12** 0.26***
(0.08) (0.06) (0.07)
MORETHAN  0.25 0.13 0.40
(0.26) (0.21) (0.42)
Level 2
INTR_SD 0.47t -0.24 0.20
(0.29) (0.22) (0.34)
Variance
Components
Intercept ug 1.07 0.52 0.85
Level 1r 9.66 12.84 7.50
ICC 0.10 0.03 0.10
Reliability 0.686 0.511 0.495
coefficient

p<.10, **p<.05, **p <.001

Table 57:Multi-level models between OTL mathematics insimacand inquiry beliefs about
learning mathematics between institutions

Variables United States Russia Poland Poland
(gen) (Spec)
Intercept 24.29*** 24.36** 24.24%** 25.59%**
(0.21) (0.12) (0.15) (0.22)
Level 1
GENDER -0.56 0.28 1.94** -0.02
(0.57) (0.21) (0.78) (0.36)
YEARSOF 0.02 -0.04 -0.12t -0.001
(0.08) (0.04) (0.06) (0.004)
MORETHAN  0.26 0.15 0.13 0.82**
(0.26) (0.16) (0.21) (0.38)
Level 2
MSOSTR 2.49%x* 1.78** 0.50 1.42*
(0.61) (0.53) (0.50) (0.68)
Variance
Components
Intercept ug 0.54 0.42 0.51 0.54
Level1r 9.65 8.01 12.85 7.43
ICC 0.05 0.04 0.04 0.07
Reliability 0.536 0.695 0.505 0.434
coefficient

p<.10, **p<.05, **p <.001
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