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Abstract of Dissertation

Cross-national Study of Teacher Quality, its Dimition, and Effects upon Mathematics
Achievement

Policymakers have been concerned with improvindestuachievement. Some
have advocated that teacher quality is the meametease student achievement, since
teachers are critical in the learning process., thetre is no agreed upon definition of
what constitutes teacher quality, the charactessissociated with it, and its effects upon
student achievement.

This dissertation examined teacher quality crogenally to determine its level,
variance, association with classroom parental etugaand effect upon classroom
mathematics achievement. Characteristics of expegigeaching preparation, and
mathematics preparation were used to define teaplaity with TIMSS 2003 data.
Factor analysis was employed to develop a consistenposite of teacher quality across
countries. Countries with mean composite scoreseatiee average for the sample were:
Australia, New Zealand, Palestine, Romania, andJtieed States. The majority of
teachers in these countries were high quality syrtteasure and had more uniformity in
their sample.

The composite score was significantly related &ssloom parental education in
Chile, Ghana, Philippines, Slovakia, and the Uniéates, implying an inequitable
allocation of teacher quality. No statisticallgmificant relationship between the
composite andlassroom parental education was found in the m@ngacountries,
implying an equitable allocation of teacher quallityelation to classroom parental

education.
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The effect of the teacher quality composite uptassroom mathematics
achievement was modest, accounting for 3% to 13#eoéxplained variance in
Botswana, Chile, Jordan, Palestine, Romania, Sweaehthe United States, but was not
statistically significant in the other countriddowever,classroom parental education
exerted positive and significant effects upon ¢lae® mathematics achievement in all
countries. Classroom parental education did netawat with the teacher quality
compositan any country except in Botswan&hus the effect of teacher quality was not
statistically significantly different for classroemwith high and low levels of parental
education, except in Botswana.

Policy implications of this dissertation are rethte the need to generate better
data and refined methodology to improve the measemnt of teacher quality to
accurately assess its effects upon mathematice\ashent. Suggestions are provided

for survey development in future large-scale datkection efforts.
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Chapter One

I ntroduction

Overview

For decades policymakers have been concerned myitoving student
achievement. Some advocate teacher quality andla@s to increase student
achievement, since teachers are a critical comgonéine learning process (National
Commission on Mathematics and Science Teachintné?2£' Century, 2000; Darling-
Hammond, 1997). For this reason, there is a gnéatest in teacher quality. Yet, there
is no agreed upon definition of what constitutesker quality, the characteristics
associated with it, and its effects upon studehteaement (Goe, 2007).

Recent studies in the United States have reveaétdadw income students,
minority students, and urban schools are disprapuately placed with less experienced
teachers, which is one indicator of teacher quélibeb, 2001; Goe, 2002). This implies
that the distribution of teacher quality is relategtudents’ socio-economic status in the
United States. However, the allocation of teachuality has been studied less in other
countries and so it is not clear whether similaraawns exist in them.

The purpose of this dissertation is to examine atioical equity, specifically, the
level of teacher quality, its association with snit$’ socio-economic status and its effect

upon mathematics achievement, including interaatifbects, in a sample of TIMSS 2003

! Teacher quality is a term which is commonly usrd,there is no consistent definition. This ditsigon
uses measurable characteristics to define teaciadityg as opposed to teaching behavior. Thisediason
uses several characteristics that have been shpwesbarch to be related to student achievemene si
there are many dimensions to teacher quality.



countries. A cross-national study was employedbsge through this analysis new
patterns emerge, which would not have been eviflenty one country were examined
(Reynolds, 2000).

In order to conduct a cross-national comparisaieacher quality, a measure was
developed using a comprehensive composite of Huhér characteristics of experience,
teaching and subject-matter preparation, threetagsis that a large body of research has
shown to be associated with student achievemeesed&ch conducted in the United
States and other countries regarding teacher dieasdics, while consistent in broad
terms, has used different datasets and differemdhlas to measure teacher
characteristics, and thus it is difficult to detarenthe level of teacher quality, how it is
relates to students’ socio-economic status, h@sedicts mathematics achievement, and
how students’ socio-economic status interact vadther quality across countries.
Moreover, these aspects have not been examinerklpps cross-national studies
(Akiba, LeTendre, Scribner, 2007). Akiba and leleagues found that “countries with
better teacher quality produced higher mathematbsgevement” (p. 369). However,
these estimates were based upon national datagagedefrom several countries, so did
not provide information on the effect of teachealgy upon mathematics achievement
within each country, including interaction effects.

This chapter provides background information fas thissertation, including the
problem of policy and research, theoretical fouimtatand research questions. In
addition, it provides an overview of the methodgl@gd describes the significance,
delimitations, limitations, and assumptions of tthissertation. Key terms are also

defined. The chapter concludes with an overviethefcontent of subsequent chapters.



Problem of Policy

From the perspective of a policymaker, the edunatisystem has limited
financial resources. For this reason, it is neagst® maximize the effective use of
resources, so that schools provide quality educati@ll students. This is of special
importance for students from lower income familsagce the level of education is
associated with future earnings (Cipollone, 199%) eelated to social cohesion within
countries (Courtis & Espejo, 2007; ECLAC [Unitedtidaal Economic Commission for
Latin America and the Caribbean], 2007).

Resources should be deployed effectively so tleat lkad to student achievement
gains. It would seem reasonable to assume tegaoladty is related to achievement, so it
seems important for all students to have qualdéghers. Yet, some students do not have
access to quality teachers, since substantial ligsan teacher characteristics exist in
schools and districts in the United States (Lo@012 Goe, 2002). For example,
California schools in the top performance decild ba average about 5% of teachers
with emergency permitsyhile schools in the lowest performance decile fiadverage
of 23% of teachers with emergency permits, and duogtepoverty schools had more
than half of the teaching faculty with this typelioEnse (Goe, 2002).

One difficulty in ensuring that all students hawmlity teachers is that there is not
an accepted definition of teacher quality, or & tharacteristics that comprise it. There
is also no consensus of how to measure teachatyquahis is one reason it is difficult
to formulate and monitor policies related to tHe@dtion, recruitment and retention of

guality teachers.

2 A teacher with an emergency certification is ori@vs employed but still completing the certificati
requirements.



Problem of Research

Research from both the United States and othertgesrndicates that the
teacher characteristics of experience, teachinggpation, mathematics preparation, and
aptitude, are related to student achievement @ruthited States, see Wayne & Youngs,
2003 and King-Rice, 2003; for evidence regardingdfid, France, Luxembourg see
Reynolds, 2000; for developing countries see Full886; see Velez, Schiefelbein &
Valenzuela, 1993 for Latin America). However, aligh this research is consistent in
broad terms, it has used different datasets, difteconstructs and variables to measure
teacher characteristics. This dissertation filggmp by examining teacher quality using
consistent and comprehensive measures across iesuntassess the variance, the
association with students’ socio-economic statnd,the effects of teacher quality upon
mathematics achievement within and across countries

Research in the United States indicates that teagladity is not distributed
evenly across schools, since high quality teachgpear to select schools with higher
achieving students, often those with higher incéewels (Loeb, 2001; Wayne, 2002;
Clotfelter, Ladd & Vigdor, 2005; Lankford, Loeb & Wkoff , 2002), which raises
concerns about equity. The topic of teacher quallbcation has been studied less in
other countries.

There is only one cross-national study, which aredystudents’ access to quality
teachers. Akiba and his colleagues utilized thee@bles (i.e. certification, years of
experience, and mathematics major) taken from TIMG@3 to represent teacher quality
and defined the opportunity gap as the differeretevéen the percentages of high and

low socio-economic status students who were taliglgualified teachers, or those with



these three variables (Akiba, Scribner, LeTendd®,/2 These authors ranked countries
based upon this definition and found that the Wh&éates was one of the countries with
the largest opportunity gap in the sample of 3ties.

However, Akiba and his colleagues did not providertry estimates of the effect
of teacher quality upon mathematics achievememtdiabthey calculate interaction
effects. So, the study conducted by Akiba andbikagues did not answer several
important questions which this dissertation is adding: to what extent is teacher quality
associated with mathematics achievement in TIM3E 2@untries, is teacher quality
unevenly allocated in other countries as theymatbe United States, and does teacher
guality have a different impact upon student actmeent depending upon students’
socio-economic status. Studies have suggestetktiater quality interacts with student
characteristics, but have come to differing conolusegarding its effect.

Answering these questions can assist in the fotimoulaf policies that seek to
ensure equity in the education system. For examsgaificant associations between
teacher quality and students’ socio-economic stabirst to the need to formulate and
enact recruitment and retention policies in thesentries to counteract the inequitable

allocation of high quality teachers.

Research Questions

This dissertation sought to answer the followingegech questions:
1. How does teacher quality as defined in this stuidy & composite of experience,
teaching preparation, and subject-matter prepavatiary within and across the

sample of countries? In other words, what is éivelland variance of teacher



quality within each country in the sample? How lleske levels and variances
differ across countries in the sample?

Rationale: Research from the United States and othentries indicate the
importance of particular teacher characteristisshsas experience, teaching
preparation, and subject-matter preparation fatesttachievement,
characteristics that comprise teacher quality. elmx, these studies have not
conducted a systematic measure of the level, vaiand distribution of teacher
quality within and across countries.

In each country in the sample, to what extentasher quality (as defined above)
associated with students’ socio-economic statusgored by parental level of
education)? How do these associations vary acasstries?

Rationale: Recent studies in the United States Hageamented substantial
disparities across schools and districts in teacharacteristics (Loeb, 2001; Goe,
2002). These disparities are related to studesntacteristics; in effect, evidence
from the United States suggests that lower incannests, minority students and
many urban schools are disproportionately stafielk$s effective, or less
experienced teachers, which is one aspect of tegciadity. However, the
distribution of teacher quality in relation to séud characteristics has not been
studied as extensively in other countries, somiisclear how teacher quality is
distributed in other countries.

How does teacher quality predict mathematics aem@nt in each country in the

sample? How do these relationships vary acrossties?



Rationale: Research indicates that characteridatining teacher quality such as
experience, teaching preparation and subject-matdgaration are associated
with student achievement. However, these studied different datasets,
constructs and variables to measure teacher ckasticts. In addition, there
have been few cross-national studies of teachdityjua recent cross-national
study of teacher quality used a cross country samiphational level data to
estimate the effect of teacher quality upon mathiesachievement, thus,
loosing much of the variance of students and sshaadl not providing country
estimates of the effect of teacher quality uponh@iatatics achievement (Akiba,
LeTendre, Scribner, 2007). In contrast, this diss®n has measured the impact
of teacher quality upon mathematics achievemeng¢dch country in the sample,
which reveals similarities and differences in tffea of teacher quality upon
mathematics achievement across countries.

How does socio-economic status moderate tleetadf teacher quality on
mathematics achievement within each country ostmaple? How do these
effects vary across countries?

Rationale: Studies in the United States and otbentries have documented an
association between teacher quality and studem\arhent (King-Rice, 2003;
Wayne & Youngs, 2003). However, the literature hasbeen clear regarding
how socio-economic status interacts with teachatfityu In other words, does
teacher quality have a greater effect on the aehient of high income or low
income students? This is useful to know in thesttggment of education policies

geared towards the promotion of equity.



Significance of Study

Cross-national studies have examined classroontigga@cross countries
(Hiebert et al., 1999; Ma, 1999; Givvin, Hiebedgcdbs, Hollingsworth & Gallimore,
2005; Desimone, Smith, Baker & Ueno, 2005), teaglmmnceptual understanding of
mathematics (Ma, 1999), curricula across coun{setmidt et al., 2001), and
characteristics associated with effective schdeksy(iolds et al., 2002), but my review of
the literature found only one cross-national stafiieacher characteristics (Akiba,
LeTendre, Scribner, 2007) and another relatedachier preparation and qualification
(Ingersoll, 2007).

As previously noted, Akiba and his colleagues (3&&d three indicators to
represent teacher quality: certification, yearsxgferience, and mathematics major.
However, these three indicators are not suffidienortray the numerous dimensions of
teacher quality, identified by the literature. Eaample, they do not adequately capture
mathematics knowledge, teaching preparation, atithde, which are associated with
student achievement (King-Rice, 2003; Wayne & Yara§03). Moreover, the
regression coefficients estimated by Akiba ancchleagues (2007) were based upon
data aggregated to the national level. In othedsjceach country was a data point in the
sample and so the variance of students and classra@s eliminated within each
country. This meant that the impact of teachetityuapon mathematics achievement for
each country in the sample was not examined, nerth@interaction of teacher quality
with students’ socio-economic status.

Ingersoll’'s examination of teacher preparation qudlification examined the

certification and educational requirements acrossauntries, but did not use this



information to predict student achievement. Umilv, the level, variance and effects of
teacher quality on mathematics achievement acmsstiges, and its relationship with
students’ socio-economic status have not been ewaini

A cross-national analysis using consistent and cehgnsive measures should
reveal patterns in teacher quality across countiteassociation with students’ socio-
economic status, and its effects on mathematicdgewaement. For example, is teacher
guality significantly associated with students’iseeconomic status in most of the
countries in the sample? Analyzing the differesitgrns across countries can lead to a
better understanding of the differences among natamd possible reasons for them.
Thus, the findings from this dissertation may offggnificant insights to policymakers in
the United States and other countries, which camskd to formulate policies related to

the recruitment and retention of quality teachers.

Theoretical Foundation

The purpose of this study is to examine educatieqgalty, specifically, the
association of teacher quality with students’ samonomic status and its effect upon
mathematics achievement, including interactionat$fen a sample of TIMSS 2003
countries. Over the years social scientists haaenened equity in educational
opportunities, with an emphasis on the analysiewf topics: (1) racial segregation, (2)
differences in achievement scores on standardestd &mong racial/ethnic groups, (3)
variations in school quality measures, and (4)ed#hces in financial resources across
schools (Coleman et al, 1966; Kain & Singleton,@)99These studies were guided by

both economic and social theories.



In broad terms, studies guided by economic thetrae® typically been more
concerned with educational efficierfawther than educational equity. In other words,
economists have examined whether “schools procheenbst education as possible,
given the resources they have, that they use Hoeirees that are least expensive, and
that they also produce the level and distributibaducation that citizens prefer, given
the alternative uses to which their money coulg i (Schwartz & Stiefel, 2001, p.
116; for an example see Hanushek, 1972).

In comparison, sociologists have explored the ieahip between education and
society, especially the relationship between thalfabackground of students and their
success or failure in school. Two general perspestnave been used to study the
relationship between family background and achiesm@mrstudent/group (i.e. family,
race/ethnicity) or school/institutional factors {IRps et al., 1998). The first perspective
maintains that differences in home environmentslt@s differences in children’s
cognitive skill levels at the time they enter elentaey school. According to this
perspective, schools are not the primary sour@@oifl group differences, and may not
be able to change these disparities (Rothsteir};2D0leman et al., 1966). Therefore, it
is necessary to reduce social inequalities arismm housing, health care, income, and
early child care, in order to reduce the achievdargap between higher and lower
income students. This means that policies thabtgddress the achievement gap solely
through school measures such as teacher quaktyuation, and physical infrastructure
will not be successful. Instead, social policiesdhto be advanced in conjunction with

school reform (Rothstein, 2004).

3 Efficiency means that (a) organizations produeegifeatest amount of output possible given theintin
resources, (b) they have the right combinatiompiits, give the prices of those inputs, and (o) the
produce the right combination of outputs most prefit by consumers (Schwartz & Stiefel, 2001).
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The second perspective relies on school/institatiactors such as teachers’
expectations, attitudes, or competence, to acdouulifferences in students’
achievement. In other words, achievement dispardrise because of the features of the
school or classroom, such as teachers, curricudnischool resources that produce
disproportionate benefit, or detriment, for oneugrever another (Rist, 2000; Rist,
1996). The implication of this perspective is tbladnges in school features or policies
can lead to improvements in low income studentSiea@ment and thus can address
their achievement gap with respect to higher incetondents.

However, it seems likely that both student/grou@ school/institutional factors
have a role in perpetuating (or overcoming) edocatiinequality. For this reason, this
dissertation is informed by the Membership Thedrinequality (Durlauf, 2001; 2006),
since it integrates both groups and institutionkis theory maintains that the group that
one is a member of has powerful influences on oogtsomes. Groups such as
residential neighborhoods will “generate persisteatuality when they are
manifestation of some form of segregation, siney tyenerate different influences on
their members” (Durlauf, 2006, p. 145). What digtiishes this theory from other
explanations of inequality is its emphasis on tile of social as opposed to individual-
level characteristics. This theory suggests thaijg behavior within residential
neighborhoods can lead to the persistence of ihiég(@ampson & Morenoff, 2006). It
is difficult for poor communities to organize thezhses and exert pressure on school
administrators. Using this theory one can exphey inequality in school resources,
facilities or teacher quality occur in high-povesghools in the United States (Murray,

Evans, & Schwab, 1998; Fernandez & Rogerson, 1997).
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Applying this theory to this dissertation, the kmyint is that low income families
may lack the collective voice and organizationxerepressure as effectively as the
pressure exerted by high income parent groups véni t@ improve the achievement of
their children and retain high quality teacherghigir schools. In effect, it has been
reported that low income parents tend not to comgaquestion the quality of teachers
in their school. For example, Bridges (1996) foen@tlence that when parents and
students complained about inadequate teachersanmy mstances these teachers were
transferred to schools where no one was likelyotomain and so were placed in schools
with high student transfer rates, large numbetwudents receiving free or reduced
lunches, or high number of minority students. Thughout collective action families in
low income schools may not be able to advocataricequitable distribution of teacher
quality, which has strong implications for the asl@ment of their children, since the
negative effects of low quality teachers will shiater, regardless of the effectiveness of
the teacher in later grades (Sanders & Horn, 1998g low achievement of their
children in turn reduces their chances of obtairigip paying jobs in the future
(Darlauf, 2001; 2006; Ciponelle, 1990).

This theory suggests that the that the lack okctilfe action in low income
neighborhoods may perpetuate the inequitable ditwctaf teacher quality in schools in
the United States and other countries, assumindtitaaesponse of parents is similar
across countries. If teacher quality significamtkplains student achievement, the aim

should be for teacher quality to be equally distiglal across schools.
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Research Methodology

This study used data from Trends in Internationativand Science Study 2003
(TIMSS 2003). The TIMSS 2003 database was chaser # is a cross-national study
of mathematics in which 48 countries participat&tie countries that participated in this
assessment were diverse in terms of geography,déeducational and economic
development, and educational policy. FurthermdhglSS 2003 aligned all of the
students directly with their teachers, which allovier a direct assessment of the
teachers’ contribution to student learning, whicdmswot the case with the Programme for
International Student Assessment [PISA]. Thisdisgignment between teachers and
students is necessary in order to answer the sgaestions in this study. In addition,
TIMSS 2003 explored topics such as teacher traiamprofessional development, as
well as teacher characteristics (Mullis et al, 2003

Of the 48 countries that participated in TIMSS 2@08e eighth grade level, this
dissertation used 15 for the sambl@here are several reasons why | reduced the sampl
First, several countries did not follow the samglguidelines established by the
International Association for the Evaluation of Edtional Achievement (IEA), which
was responsible for the overall administrationha$ aissessment. For this reason,
countries which did not meet TIMSS sampling guitledi, or exceeded the exclusionary

rates, were not used in the sambl8econd, a preliminary check of the TIMSS 2002 dat

* Eighth grade was selected, since few countrieticjiated in the fourth grade assessment.

® There were six countries which excluded more thaercent of their student population at the eighth
grade: Hungary (8.5%), Iran (6.5%), Israel (22.5M9cedonia, (12.5%), Russian Federation (5.5%) and
Syria (18.8%). Syria and Yemen will be excludegiriranalysis because the characteristics of theipka
were not completely known to the IEA. In additi@mgland’s participation fell below the minimum
required 50% level.
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revealed that several of the remaining courftieéther did not have data for all the
survey items that were needed for this study, oséone survey items had twenty percent
or more of missing data. Third, a preliminary cheath the data also revealed that some
countries did not have a positive definite corietamatriX, which was needed to do the
data analysis (i.e. factor analysis). Applyingseneriteria resulted in a sample of the
following fifteen countries: Australia, Botswanahi®, Ghana, Hong Kong, Jordan,
Malaysia, New Zealand, Palestine, Philippines, Rumé&erbia, Slovakia, Sweden, and
the United States.

The TIMSS 2003 instruments that were used in tisisaditation were
mathematics achievement assessments, and teach&udent surveys. The teacher
survey collected information about the teachersppration, professional development,
and their pedagogical activities. The teacher suiteens were used as indicators of
characteristics of teaching preparation, experieand subject-matter preparation. The
student survey sought information about the stigléimime background characteristics.
This study used parental education at the classtewahas a proxy for socio-economic
status.

Research question one asked: How does teachetygamlilefined in this study
(i.e. a composite of experience, teaching preparatind subject-matter preparation)
vary within and across the sample of countriesteowd do the levels and variances differ
across countries in the sample? In order to andwseguestion, this dissertation used

factor analysis on teacher characteristics pooteolsa countries. Factor analysis is a

® These countries include: Armenia, Bahrain, Belgi&gypt, Indonesia, Italy, Korea, Latvia, Lebanon,
Moldova, Morocco, Saudi Arabia, South Africa, anghiBia.

" Not positive definite means that all of the eiga@lmes in the matrix are not positive (Wothke, 1998Bhe
countries with not positive definite matrices wBtdgaria, Japan, Singapore, and Taiwan.
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multivariate statistical technique which “identgiéactors that statistically explain the
variation and covariation among measures” (Greea&kind, 2004, p.12). Factor
analysis is viewed as a data reduction technidukelvariables comprising the factor are
well chosen, the estimated factor can be vieweatl@mstruct or latent variable (Green &
Salkind, 2004). For this dissertation the estimdaetor can be viewed as a consistent
measure of teacher quality, which can be usedrpeace the level and variance of
teacher quality across countries.

Research question two asked: In each country isdh®le, to what extent is
teacher quality (as defined above) associatedstittlents’ socio-economic status
(measured by mean classroom parental educatiof)@mdalo these associations vary
across countries? In order to answer this questencorrelation coefficients between
the teacher quality composite and classroom pdredteation were calculated for each
country. The correlation coefficient is a measefréthe association or strength of the
relationship between these two variables. Thisa&ss/the extent to which teacher quality
is related to mean classroom parental educatidrs guestion built on the analysis
conducted in research question one, since the¢egdiality composifewas one of the
variables, and the other variable was the measrdam parental education.

Research question three asked: How does teachidyguadict mathematics
achievement in each country in the sample and hotihese relationships vary across
countries? To answer this question, a seriesgréssion analysis was conducted for
each country in the sample in which the teachelitgu@mposite predicted average

classroom mathematics achievement. This analysisded information about the

8 As will be discussed in Chapter 3 in more detaikas necessary to recalculate the teacher quatitpr
that was used in questions two, three, and four.
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variance in average classroom mathematics achieweswplained by the teacher quality
composite and whether it had a consistent effecisacountries.

Research question four asked: How does socio-edorstatus moderate the
effect of teacher quality on mathematics achievemhin each country of the sample
and how do these effects vary across countriesh$wer this research question, an
interaction term (i.e. product term of teacher qualomposite and mean classroom
parental education) was added to regression eaqsdaiboassess the relationship between
the teacher quality composite, mean classroom tasreducation, and average classroom
mathematics achievement. This tested whetherfteet ®f teacher quality (as measured
by the composite) upon average classroom mathesratlievement varies according to
classroom parental education. In other wordsyuduity teachers raise the achievement
of classrooms with students from high socio-ecomdannilies more than those with
students from low socio-economic families? Thialgsis also reveals whether the
interaction between teacher quality and socio-econagtatus is consistent across

countries.

Delimitations

This dissertation was based upon data from TIMSE 20 hus, the findings from
this dissertation reflect the information contaimethe TIMSS 2003 mathematics
assessment and cannot be generalized to any othjecsor standardized achievement
test. In addition, the findings were based uponsamyple of TIMSS 2003 countries and

also cannot be generalized to other countries.
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Limitations

Because of the design of the TIMSS 2003 datablhsee tvere several limitations to
this study:

1. TIMSS 2003 provides a nationally representativeparof 8" grade students and
their teachers for each countryThe unit of analysis for this study is the teache
It should be understood that the sample was nagmied to be a nationally
representative sample of teachers within each cpumtt the teachers of the
students sampled. In addition, since the unithalysis in this study is the
teacher, the student level variables are aggredatid classroom level, which is
eliminates some of the variance in student vargable

2. TIMSS 2003 assessed a single cohort of studemtsthfs reason, this study was
not able to assess the student achievement gainepbld only examine
achievement at one point in time. Moreover, thislg was not able to control for
prior achievement in the data that was analyzedsand susceptible to the
problems of cross-sectional studies.

3. TIMSS 2003 did not to measure teacher quality. Jureey did ask questions
related to characteristics of teacher quality.

4. TIMSS 2003 did not assess teachers (e.g. stanedrtBst of skills), so it was not
possible to include teacher aptitude in the dadawlas analyzed. Because of this,

an important characteristic of teacher quality wassing in the data analysis.

° Countries which did not comply with TIMSS 2003 sdimg guidelines were not included in the sample.
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5. TIMSS 2003 did not ask survey questions about famdome. For this reason,
parental level of education was used as a proxgdoio-economic status, since
level of education is a strong predictor of faniigome.

6. TIMSS 2003 assessed only cognitive outcomes. ifie@ns that other important
outcomes of schooling such as social, moral, ducail outcomes could not be
assessed in the regression equations.

7. This study used teacher quality in the regressipraton. As a result, other
important variables related to achievement andashsuch as curriculum or
family background characteristics were not inclugethe models. Because of
these omitted variables, the estimates may bediase

8. This study focused upon mathematics achievememtthis reason, the results
cannot be generalized to achievement in other obateas.

9. The study used a subset of the countries thatcpzated in TIMSS 2003. The

results cannot be generalized to other countries.

Assumptions

A major assumption of this dissertation was thatdhta obtained from TIMSS
2003 was a valid assessment BfgBade mathematics achievement for a nationally
representative sample in each country. Anothermapgon of this study was that the
survey instruments contained items which were vakgsures of experience, subject-
matter preparation, and teaching preparation. fifldengs from the literature review
were used to select the teaching characteristiageteto teacher quality and so an

assumption was made that these characteristicemgely measured teacher quality.
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Finally, this dissertation made an assumption & passible to develop a measure of

teacher quality, assuming measurement invarianosscountries.

Definition of Key Terms

“Teacher quality” as used in this study is a cargtcomposed of “teacher
characteristics,” which research has found to kead to student achievement. Teacher
quality in this study was operationalized as a cositp of three teacher characteristics:
teaching experience, teaching preparation, anestibjatter preparatiofi.

“Teacher characteristics” in this study are thasabaites which research has
found to be related to student achievement: tegatwiperience, teaching preparation,
subject-matter preparation and aptitude. Teadm@acteristics were “measured” by
indicators used by previous studies. For exantpéshing aptitude was measured by
indicators of selectivity of the university the ¢bar attended and their test scores.

“Indicators” in this study were the measures wiliy previous research
regarding teacher characteristics and their imppoh student achievement. For
example, teaching preparation was measured byitegpcartification, coursework, level
of education, and continued professional developmen

“Teaching experience” in this study was a teachearacteristic defined as the
number of years a teacher had taught.

“Teaching preparation” is a teacher charactenstich was defined as those
factors which provided knowledge about the teachimg) learning process. In this study
indicators of teaching preparation were educatmmnsework, teaching certification, and

level of education.

19 Teacher aptitude is not included, since TIMSS 2@i@3ot provide data on the prestige of the ursiigr
attended by the teacher or their test scores.
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“Subject-matter preparation” is a teacher charattemwhich was defined as
those factors which contributed to an understandingathematic concepts and
procedures, as well as the process of doing matienand understanding the
connections among them (NCTM, 1996). In this stundlycators of subject-matter
preparation included teachers’ mathematics degrdeself reported readiness to teach
mathematics content.

“Teacher aptitude” is a teacher characteristic Whias defined as teachers’
academic skills. Teacher aptitude had been mehsyretandardized tests or ratings of
teachers’ undergraduate institutions. Teachetumgiwas not included in data analysis
in this study, since TIMSS 2003 provided no indicatof it.

Classroom academic achievement is measured by TR08S &' grade mathematics
scores. TIMSS mathematics score was a standartdigedcore across students in the

countries with a mean score of 500 and a standanatibn of 100.

Organization of Dissertation

This chapter has provided background informatiartiies study, including the
problem of practice and research, overview of tie®tetical foundation, research
guestions, significance, delimitations, limitatipaad assumptions of the study. The next
chapter describes the method used to review arahgthe studies which document
teacher quality characteristics such as experig¢aaehing and subject-matter
preparation, and teacher aptitude and their reladsstudent achievement. Chapter two
also notes the inequitable distribution of teachality, especially in the United States
and its causes. It also discusses how the difiibof teacher quality may affect

achievement.
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Chapter three describes the methodology of theystndluding the research
design, theoretical constructs, research questindsiata analysis techniques that were
employed. Background information regarding TIM3®2 data collection is also
provided, since it was the database that is utilinehis study. Chapter 4 describes the
results of the data analysis, and Chapter 5 dissub® findings and their implications

for policy and research.
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Chapter Two
Review of Literature

For decades policymakers have been concerned mjitoving student
achievement. Some have advocated teacher qualiheaneans to increase student
achievement, since teachers are critical to thaileg process. Yet, there is no agreed
upon definition of what constitutes teacher qualitye characteristics associated with it
(Goe, 2007), nor is there an understanding of isteiloution of teacher quality, its effects
on student achievement, and how it interacts witdent socio-economic status.

This chapter reviews United States and internati@search regarding teacher
characteristics and their association with studehtevement. This review was needed
to define the abstract concept of teacher qualityis study examines teacher quality
from an equity perspective. Therefore, literat@garding the distribution of teacher
quality in relation to students’ socio-economidissas also reviewed in this chapter,
since it is important to determine if all studenéve access to teacher quality in the
United States and in other countries. Studies hvbiamine the interaction between
teacher characteristics and students’ socio-ecanstaius are also described, since it is
important to understand whether there are diffeeffiects of teacher quality on students’
achievement depending on their socio-economic statu

The chapter is organized in three sections. Tisedection describes the method
used to review the literature. It also provideskg@ound information on the following:
(1) the policy debate, (2) selection of teacheratt@ristics, and (3) definition of teacher
quality. The second section reviews the teacharacieristics of experience, teaching

preparation, subject-matter preparation, and teagptéude. The third section discusses
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studies which document the unequal teacher gudibtyibution in schools in the United
States and its causes. Relevant studies are r@serped regarding the distribution of
teacher quality in other countries. The chaptectales with a synthesis of the major
findings of the studies reviewed and provides aceptual framework for the

dissertation.

Method of Literature Review

The literature review used the following methodgitentify studies that have
examined the relationship between teacher charsiitsrand student achievement, and
the distribution of these characteristics in relatio student characteristics. First,
Electronic data bases from ERIC, PyschLit, Ecorduii] Social Science Citation Index
were searched, based on the keywords of teachbtygteacher characteristics, teacher
knowledge, teacher effects, student achievemerthamatics achievement, teacher
distribution, and equity. Second, reference hsim published articles, book chapters,
and reports, dealing with teacher quality, teacharacteristics, student achievement,
and teacher distribution were also reviewed. Thirehsites of international
organizations that publish research and reports @kso searched to find international
articles on teacher quality. Finally, key journatsorganizations that routinely publish
research on teachers, teacher policy, and studbr@v@ment, were also used as a source
for locating relevant studies. This search fosedenty nine articles, of which forty-four
were United States studies and thirty-five intdored! studies and one cross-national
study.

The literature review only included studies whioht the following selection

criteria. First, the studies had to be empirieéher than theoretical perspectives of the
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impact that teacher characteristics have upon stahievement. This eliminated
qualitative studies from this review. Secondsalidies specifically utilized measurable
teacher characteristics as independent variafles.studies varied in terms of the
teacher characteristics utilized and how they weeasured. Third, most of the studies
included in this review were primarily drawn froroa@lemic journals with a peer-review
process. However, there were a few of the artittea United States or international
organizations which did not utilize a peer-revienwqess or papers presented at research
conferences. This was done in order to broaderethew of teacher quality effects in
countries outside the United States. Fourth, theias utilized a measure of student
achievement as the dependent variable. Studieshvestimated other dependent
variables, such as teacher performance, were doidied in the review, since teaching
performance was not the focus of the sttidyifth, studies reviewed achievement for
United States and other countries. This was dote table to determine the extent to
which teacher quality characteristics, its effeats] distribution had been studied in
other countries, and how similar the findings waceoss countries. Sixth, studies
published since 1980 were reviewed. Finally, ditere reviews which summarized the

research regarding teacher quality were also select

Brief Review of Policy Debate
There has been a long-standing debate regardingmdtéers for student
achievement: school or student characteristictarde number of input-output studies

(also known as production function studies) haven@red the influence of various

111t should be noted that student achievement wastilized as the outcome measure in some of the
articles, when they examined how teacher qualigratteristics were distributed in relation to stude
characteristics.
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school inputs such as teachers, class size, oobaspurces have upon student
achievement. Many of these studies have also exahaquity differences between
schools. An early and influential study of thipgywasEquality of Educational
Opportunity which is widely known as the Coleman Report (Gw@a et al., 1966). It
analyzed data for 569,000 elementary and secorstiadents from grades one, three, six,
nine, and twelve in 3,155 schools. The reportrestied educational production functions
to quantify the relationship between student admsent and school inputs. The report
concluded:

[S]chools bring little influence to bear on a cksldchievement that is

independent of his background and general socrgkgy and...this very lack of

an independent effect means that the inequalitig®sed on children by their
home, neighborhood, and peer environment are daataang to become the

inequalities with which they confront adult lifetae end of school. (p. 325)

From these findings, some policymakers concludatigbhools did not matter for
student achievement and equity differences betwekools in terms of teacher quality
would not matter.

Not all researchers accepted the conclusions aCdteman Report. Many
refuted its results because of several methodabfawns (Hanushek & Kain, 1972;
Mayeske et al, 1972; McIntosh, 1968). First, theatusions were based upon regression
analysis which mixed levels of data (e.g. schodl iadividual pupil) (Reynolds et al,
2000). Second, many of the school factors weededlto school resources (e.g. per
pupil expenditure, school facilities, number of kean the library), which were not very
strongly related to student achievement (Reyndl@s, 000). Third, the report utilized

crude measures, which did not account for impordgferences between schools

(Hanushek & Kain, 1972).
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Despite criticism, the findings of the Coleman Reamd other similar reports (in
England see Peaker, 1971 [the Plowden Study];aruthited States see the early IEA
studies) were widely accepted by many policymakecdsresearchers.

However, some researchers in the United Statesmganining why some
schools were more effective at educating studeats poverty backgrounds than other
schools (Edmonds, 1979). From these and otheiestual debate emerged. One side
purporting schools exert little influence over gntlachievement in comparison to
family background characteristics (e.g. socio-ecoiccstatus), while other side has
responded that schools matter for student achienendéis debate has been active over
the years, with both sides presenting evidenceppart their position.

The debate began to shift in the 1990s, when nésderge emerged in the United
States (Greenwald, Hedges & Laine, 1996), whicmtared the findings from the
Coleman Report. These findings came about beaHusgroved data (e.g. National
Educational Longitudinal Study of 1988, the Comn@wore of Data, and district-level
Teacher Cost Index) and statistical techniques (sg of HLM, meta-analysis) (Taylor,
2001). The debate moved from the question of wdretbhools matter to a question of
which school inputs (e.g. class size, teachery, miatter and/or are most cost-effective.
Within the current policy debate, researchers erbibith sides agree that teachers are an
important school input, accounting for a significaariance in student achievement
(Greenwald, Hedges & Laine, 1996; Hanushek & RiyRi®04). In fact, researchers in
the United States have calculated the contributashers make to student learning and
have concluded that schools have powerful effectaahievement differences, which

appear to be related to variations in teacher tyu@dianushek, Kain, & Rivkin, 1998;
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Nye, Konstantopoulos & Hedges, 2004). These rebegs? have also found similar
estimates of teacher quality, with the lower boastimate accounting for at least 7.5
percent of the total variation in student achievengelanushek, Kain, & Rivkin, 1998;
Nye, Konstantopoulos & Hedges, 2004). These figslied Nye, Konstantopoulos and
Hedges to conclude that it matters more which teaatstudent is assigned, than which
school he/she attends (2004).

Policymakers in the United States have focused @pammber of ways to
improve teacher quality, since teachers are criticmponents in student learning. First,
there has been an important movement to improveesfdssionalize teaching. The
National Commission of Teaching America’s Futur€{M\F) has proposed increasing
teacher quality by promoting a system to ensurehiera are provided with a coherent
and supportive system of professional developnigatling-Hammond, 1997).

Likewise, the National Commission on Mathematics Snience Teaching for the21
Century recommended improving the preparation amikivwg environment of teachers
(2000). Second, in recent years there have beertefb measure teacher quality. In
many states, as part of licensure programs teaohggstake a content exam such as the
PRAXIS, which is intended to assess content knogdedn addition, the National Board
Professional Teacher Standards (NBPTS) promotetuatary teacher licensure
program which leads to a “master teacher” status.

The policy debate has shifted in recent years.réltsenow a broad consensus
that school resources such as teachers are imptotatudents’ achievement. In

addition, within this policy debate increased ditanhas been placed upon international

12 Nye, Konstantopoulos & Hedges (2004) estimated#teeen-teacher variance in reading range from
0.066 to 0.074. The estimates for mathematicsades 1 to 3 were almost twice as large as reading.
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comparisons and studying and learning from countridcurope and Asia. In comparing
teachers in these countries to teachers in theetddtates, there are several differences
related to preparation, salary, decision-making, professional development (Darling-
Hammonds, 1997). Teachers in these countriesveeogore extensive preparation
before beginning to teach and have higher paylatioa to other competitive
professions. They are also provided broader detisiaking responsibilities and were
given more time each week for joint planning anofgssional development activities
(Darling-Hammond, 1997).

It is useful to examine aspects of other counteesicational systents. Cross-
national comparisons can be a way to learn abais@wn educational system and learn
from other countries. A recent cross-national ytoidkeacher quality confirmed that this
type of research is relevant for the United Stateother countries’ educational policies
(Akiba, LeTendre & Scribner, 2007). Akiba and badleagues found that teacher quality
and the level of development, as measured by G2Re significant predictors of
national mathematics achievement. However, there weveral limitations with their
study because of the way it measured and analgaetiér quality. Akiba and his
colleagues only utilized three variables to repneseacher quality: certification, teaching
experience, and mathematics major, aggregatect toational level and so losing much
of the variance in students and classrooms. Thissdissertation provides new
information for the current policy debate, in tlemse that it reveals similarities and

differences in teacher quality across countries additionally, determines the effect of

13 The author acknowledges that a concern with craismal studies is measurement invariance. If the
measures are not invariant, the conclusions canisleading, since cross-national differences mitght
due to true differences between countries on tlderdying construct or due to systematic biasebénvtay
people from different countries respond to ceri@ms (Benedict, Steenkamp, Baumgartner, 1998).
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teacher quality upon average classroom mathenathlisvement, including interaction

effects with classroom socio-economic status.

The Literature on Teacher Quality

Process Used to ldentify Teacher Characteristics

As was previously noted, seventy-nine studies flloenUnited States,
international and cross-national, were found inliteeature which met my search
criteria. Three steps were taken to review thasdies. First, existing literature reviews
on the subject of teacher quality were examinedy(Wa& Youngs, 2003; King-Rice,
2003). Second, the studies found by my search amabzed. Third, the levels of
analysis appropriate for my research were distsiged.

In relation to this last point, there is no conssnsn how teacher characteristics
should be measured and how they give rise to teagladity. A reading of the literature
suggests four levels of analysis:

» Teacher characteristigfor example, teacher aptitude and subject matter

preparation;

* Indicatorsof teacher characteristics, which might be useddasure teacher

aptitude or teaching preparation;

* The larger construct aéacher qualitywhich is comprised of teacher aptitude

and other teacher characteristics;

» Outcomesf teacher quality such as teacher performancestaatnt achievement

scores.

There have been two major literature reviews ortdpe& of teacher quality. One

review was conducted by Wayne & Youngs (2003) wkedua restrictive criterion, so
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they reviewed only 21 studies meeting their rigermethodological criterid. The
purpose of their review was to create a clear pmégation of the research for
policymakers and researchers regarding the rektiprbetween teacher characteristics
and student achievement (Wayne & Youngs, 2003k agproach taken in their review
was to consider groups of studies that focused aguerticular teacher characteristic,
then describe each study and the methodologichlresaaffecting the inferences that
could be drawn. Finally, they provided an intetatien of each characteristic.

Wayne & Youngs (2003) found strong evidence oflati@nship between teacher
characteristics and student achievement in studatsused four indicators: (1) ratings of
teachers’ undergraduate institutions, (2) testex;d8) degrees and coursework in
mathematics at the secondary level, and (4) agatibn in mathematics at the secondary
level (Wayne & Youngs, 2003). However, their revigid not find a strong relationship
between teachers’ degree and coursework and stadeigtvement in the content areas of
History, English and Science. Absent from the review of Wayne & Youngs (2002)sw
the characteristic of experience, since they thoughas too complicated to interpret the
results because it was difficult to control for whes the teacher was hired during a
period of a shortage of available teachers (Murrgafdillips, 1981).

In comparison, King-Rice (2003) used a more ingkiseview criterion, which
comprised qualitative studies and those that exadnoutcome measures other than
student achievement (e.g. teaching performance;aubrate, etc.). The purpose of this

review was to draw conclusions about the extemtitich measurable teacher

1% The criteria were that US studies collected temcharacteristics data, controlled for student®ipr
achievement, and controlled for student socio-envaastatus.

15 One possible explanation for the lack of assamiatiith science is that data collection in the &sd
lacked content specificity to capture the degreka@ursework within science (Wayne & Youngs, 2003).
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characteristics were linked with teaching perforoeanKing-Rice (2003) organized
teacher characteristics into five categories, whwehe assumed to be reflective of
teacher quality, since the characteristics werenafised in the hiring process and policy
discussions. The characteristics were:

» Teacher experience,

» Teacher preparation programs and degree

» Teacher certification

» Coursework to prepare for teaching preparation

» Teachers’ test score.

King-Rice (2003) found evidence of a relationshgimeen student achievement and
the teacher characteristics of experience, praparptogram, certification, coursework
and test scores. However, the author concludedhbdindings differed depending upon
the teaching context. In other words, the resudtsed according to content areas or
grade levels (e.g. elementary or high school) eradhin the study. For example,
teaching experience had a positive effect duriegfitist few years of teaching and also in
the later years, which was evident at both elenng@tad secondary level. The
institutional selectivity that the teacher attentiad a modest positive effect on student
achievement at the elementary level, but a stroeffect was found at the secondary
level and for low-income students. Degree, couoskwand certification in mathematics
at the secondary level had a positive effect odesttiachievement, but this effect was
less pronounced in other content areas or at émeegitary level. Finally, she indicated
that “pedagogical coursework contributed to teaefiectiveness at all grade levels,

particularly when it was coupled with content knedge” (King-Rice, 2003).
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Both of these literature reviews have made suliastargntributions by advancing the
knowledge regarding the relationship between teadh@racteristics and student
achievement. In addition, the reviews revealeddiffeculty in making broad
generalizations to all teachers, since the consexdh as grade level and content area,
matter.

However, there were several weaknesses in bothtlite reviews. Wayne &
Youngs (2003) did not review teaching experiendactvis a common characteristic
used to measure teacher quality and has been gsbdvensignificantly associated with
student achievement (Murnane & Phillips, 1980; feleer, Ladd, Vigdor, 2006). In
addition, Wayne & Youngs (2003) organized theineavaccording to how studies
measured teacher quality. Thus, their organizasionore reflective of indicators of
teacher quality, rather than actual teacher chenatits. In contrast, King-Rice (2003)
had redundant characteristics. For example, teggimeparation programs and degree
were similar to the characteristics of teachernfogation and coursework to prepare for
teaching preparation. There seemed to be no reasuoake these distinctions, since
certification, coursework and preparation progravese all examples of how teachers
are prepared for teaching.

The analysis of the studies that my search foundaled that subject-specific
certification, degree and coursework were morenafidated to student achievement,
than general certifications. Studies which inchhideeasures of subject-matter
knowledge revealed that this characteristic wag weportant in predicting student

achievement. The conclusions of the previousditee review noted the importance of
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subject-matter degree, coursework, and certificatboit their reviews did not specifically
identify a characteristic related to subject-matteparation.

Teacher aptitude was another characteristic thdhstrang evidence of its
association with student achievement, and its itapce was noted in their findings.
However, the previous literature reviews did notéha category for this characteristic;
instead they used indicators related to teaché&udptthat had been measured in
previous studies (e.g. selectivity of the univgrsibd teacher test score).

Finally, evidence was found that experience andgedical preparation were
associated with student achievement (Clotfeltedd,&idgor, 2006; Murnane &

Phillips, 1981). Yet, Wayne & Youngs (2003) ontttexperience from their review and
both reviews (Wayne & Youngs, 2003; King-Rice, 2D08lized indicators of teaching
preparation, such as certification, degree andsswwrk. Because the previous literature
reviews did not seem to adequately capture thasenfys, | developed a new
organization for this study, which includes thddualing four characteristic: (1) teaching
experience, (2) teaching preparation, (3) subjexdtenpreparation, and (4) teacher

aptitude.

Definition of Teacher Quality

Teacher quality has been an important policy isswkhas received considerable
attention in research. Yet, teacher quality islastract phenomenon, with no agreement
regarding its characteristics (Goe, 2007). Fa@ thason, researchers have typically used
measurable teacher characteristics as a proxg&oher quality. Across studies there has
been no consistent measurement of teacher qudiyne studies have used one indicator

such as certification (Darling-Hammond, 2000), ne characteristic such as experience
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(Clotfelter, Ladd, Vigdor, 2005), and other studmese used multiple indicators
(Clotfelter, Ladd, Vigdor, 2006; Lankford, Loeb, \8kpoff, 2002). There were some
studies that have measured teacher quality withevatided models, to identify those
teachers who increased student achievement signijc(Sanders & Rivers, 1996).
Finally, another approach has been to develop gosite based upon a number of
characteristics or indicators as a comprehensivwetavdefine teacher quality (Provasik
& Young, 2003).

This dissertation confronts the same issue of lwodetine this abstract concept
of teacher quality. Similar to previous reseathls dissertation used measurable
characteristics to define teacher quality. Howetres dissertation did not rely on one
characteristic, but used several of them, sinceetaee many dimensions to teacher
quality. In addition, this dissertation used tharmacteristics that had been shown by
research to be related to student achievementhven& presented in the subsequent
section of the literature review. The charactessthat were used include: experience,

teaching preparation, subject-matter preparatiod,agtitude, as shown in Figure 1.

Figure 1 Teacher Quality Characteristics

Teacher Characteristics:
1. Teaching Experience
2. Teaching Preparation .| Teacher Quality
3. Subject-Matter Preparatior -
4. Teacher Aptitude

This definition of teacher quality is controverdiat three reasons. First, some

researchers question equating specific teacheacteaistics with instructional effects,
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since these characteristics do not always transiageachievement outcomes (Ding &
Sherman, 2006). In addition, there are methododdgiroblems associated with
inferring teacher quality from student performagBerliner, 2005). Second, other
researchers question the narrow use of achievet@&stto assess teacher quality, since
there are broader goals in educating studentsdiiaaalardized test scores. Third,
measurable teacher characteristics are associ#tedtudent achievement because of
what teachers do in their classrooms, yet it ispossible to measure with precision this
“black box” of teaching performance. Instead, iassumed that the measurable teacher

characteristics are related to teaching performance

Teaching Experience

The first characteristic that is discussed is epee, which means the number of
years a teacher has taught. Research from thedJ8tates and other countries is
reviewed in the subsequent sections to examinagbeciation between teaching
experience with student achievement and to deterrhihis effect was consistent across
countries. Moreover, studies have used differiraglg levels and subject areas, which
can reveal if the relationship between teachingdarpce and student achievement was

consistent across contexts.

Association between Teaching Experience and Stud&cthievement

There have been several studies which have fourdsotiation between the
years of teaching experience and student achievefierguson & Ladd, 1991,
Clotfelter, Ladd, Vigdor, 2006; Hedges, Laines &e@mnwald, 1994; Kiesling, 1984;

Munane & Phillips, 1981). In one United States gtudaching experience accounted for
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10% of the variance in student achievement acr@8s@xas school districts serving
approximately 2.4 million children (Ferguson, 199However, another study showed
that teaching experience, measured as the perecotagachers with five or more years
of experience, exerted no significant effect ohegitsubject in a sample of Alabama
schools (Ferguson & Ladd, 1996). This finding mayhave picked up the true
relationship, presumably because many teachershigthscores did not remain in the
profession (Ferguson & Ladd, 1996). Moreover, otdachers were underrepresented in
the data (Ferguson & Ladd, 1996). Thus, the egped variable was probably picking
up some other variable as well as experience, whakd bias the coefficient downward
(Ferguson & Ladd, 1996).

A study that synthesized findings from multipledias also found a positive
relationship between teaching experience and studevement, but the findings are
mixed. One research synthesis was conducted byshak & Rivkin (2004}° who used
the vote counting methdtto aggregate studies in the United States, prdpnee 1994,
which had estimates of teacher characteristicduaesat achievement. The results
showed that the relationship between years of teg&xperience and student
achievement was positive, but the overall assariatias not that significant (Hanushek
& Rivkin, 2004). Specifically, there were 206 estites of teacher experience, with 29%
being statistically significant and positive and Statistically significant and negative
(Hanushek & Rivkin, 2004). Moreover, 66% of théraates were statistically
insignificant. However, it should be noted thaitistically significant results, positive

effects were reported almost six times as oftemegsitive effects. Interpreting these

' The 2004 article is based upon Hanushek’s prewastiles in 1992 and 1997
"Vote counting is a method to aggregate the finslingm multiple studies, by counting the directifn
each study’s coefficient estimate.
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findings is complex, since there were concerns Wighquality of the underlying studies
(Hanushek & Rivkin, 2004). Hanushek & Rivkin indied that many of these studies
produced biased estimates of the parameters oéstiesince few of the studies examined
the value added (Hanushek & Rivkin, 2004). Becafiskis concern, Hanushek &

Rivkin reanalyzed the data, by using only a subgstudies that used a value-added
approach and contained information from a singleest2004). By doing this, the

authors found that teaching experience had a strangpact. However, the overall
evidence continued to show a mixed relationshipesomly 41% of the estimates were
statistically significant.

Hanushek’s conclusions have been challenged by mtkearchers because of the
vote-counting methodology and the way Hanushek tedthe studies (Hedges, Laine,
& Greenwald, 1994; Krueger, 200%).Using a more sophisticated technique, meta-
analysis, Hedges, Laine, & Greenwald (1996) reaeal\the same data as Hanushek and
found that teaching experience is related to aemeant.

Studies in Finland (Reynolds, 2000), France (Redsd@000), Luxembourg
(Reynolds, 2000), Latin America (Velez, Schiefeth&k Valenzuela, 1993), Bolivia
(Mizala & Romaguera, 2002; Mizala, Romaguera & Rgm 1999), Nigeria (Chidolue,
1996), other developing countries (Fuller, 1986y aross-national (Akiba, LeTendre,
Scribner, 2007) have also found that teaching ezpee is related to student

achievement. Fuller summarized the studies fromeld@ing countries through vote

18 Krueger’s (2002) critique rested on how the vasistudies were weighted by Hanushek, who labeled
each estimate of an effect as a study so that dicteacould have several estimates that were fadtinto
the count as positive, negative or insignificalitueger argued that this approach weights the vario
studies by the number of different estimates ofetfiect of a particular variable they include, whigives
more weight to some studies. Krueger also contdraisstudies that report negative or insignificant
findings are more likely to include more estimaten those that find statistically significant png
effects. Thus, negative or insignificant studiesewveighed more heavily.
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counting (Fuller, 1986). Of the 23 analyses examgiteacher’s length of experience, 10
of them found a significant positive effect (Fu)l&B86). Similarly, a vote-counting of
studies conducted in Latin America have found atpesrelationship between teaching
experience and student achievement in 25 out @Rest{yelez, Schiefelbein, Valenzuela,
1993). This means that nearly half of these stuslmw that teaching experience had a
positive impact upon student achievement. Howeherguality of the studies reviewed
have been questioned because few of the studidsusé-level techniques, controlled
for prior student achievement and, were mainly drénom cross-sectional studies, rather
than from cohort studies where the same pupils staigied over time (Reynolds, 2000).

One possible explanation for the inconsistent figdiacross studies regarding
years of experience could be related to its measemé There has been an inconsistent
measurement of this variable (King-Rice, 2003) pé&nence should be measured as the
total number of years the teacher has taught. Merwvsome studies have used the years
taught in a particular district. For this reasidimg-Rice argued that because most
studies did not indicate whether teacher experienogasured as the total number of
years taught, or the number of years in a parti@dhool district, it was not clear the
degree to which this problem clouded the findir230Q3).

Another possible explanation for the lack of cotesis positive relationship in the
studies of developing countries may be the fadtriteny teachers in these countries had
little pre-service training and, therefore, weteduipped to learn from their experience
(Farrell & Oliveira, 1993). Thus, teachers mayégeating the same instructional
strategies year after year regardless of how ing¥e these strategies are. Despite the

methodological limitations noted, the overall evide indicated that teaching experience

38



had a significant and positive effect upon studemievement in the United States, other

developed countries, and developing countries.

Complex Relationship between Teaching Experienca &tudent Achievement

Studies in the United States have examined th&aeship between years of
teaching experience and student achievement amdl filneére is a complex, non-linear
relationship. In other words, inexperienced teexloe those with only two or three years
of experience are least effective, but a teacledfésctiveness does not continue to
increase with each subsequent year of experiedogever, there was some evidence
which indicated that teachers in their later ca@eay have a significant impact upon
student achievement. Thus, the relationship betwegching experience and student
achievement is complex.

Inexperienced teachers, those with less than fl@aes of experience, were
typically less effective than more senior teacliParling-Hammond, 2000). The benefit
of teaching experience for a typical student israpimately one-tenth of a standard
deviation on reading and mathematics test sconestaughly half of this return occurs
after the first two years of teaching experiencleff€lter, Ladd & Vigdor, 2006).
However, Hanushek, Kain & Rivkin (1998) contendtttine first two years of experience
significantly improve teacher quality and that aaial years rarely have a significant
impact after that point.

There is evidence contradicting the assertionabditional years of teacher
experience beyond the first two rarely have a ficamt impact upon student
achievement. Two studies in the United States Fawed a later career effect (e.g. 13 or

more years of experience) on student achievenm@ne study concluded that teaching
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experience explained a significant portion of theation in the vocabulary achievement
of students in all four of the elementary gradesls\examined, especially for teachers
with more than fourteen years of experience (Muen&rPhillips, 1981). Murnane &
Phillips (1981) indicated one of the reasons fodiing that more experienced teachers
may be more effective is that they may be moreessfal in the search for techniques
appropriate for their students. In this study keas with one to seven years of
experience also had a significant and positivecefipon student performance with two
of the grade level samples (grade 4 and 6). Howavaeak negative relationship was
found in this study between experience and stugeriormance for teachers with 7 to 14
years of experience.

A later career effect was found with teaching eigere and student achievement
(Clotfelter, Ladd & Vigdor, 2006). Because thessearchers had access to an extensive
database of fifth graders in North Carolina, therevable to restrict the analysis to
schools that assigned students to classrooms anaen statistically indistinguishable
from a random assignment. Thus, this evidencestvasger, since it had minimized the
bias created from positive student matching (e@engualified teachers with higher
performing students). The analysis revealed aigegelationship between student
achievement and teacher experience, with the psaking in those classrooms with
teachers having between 13 and 26 years of experien

There are several possible explanations for thislim@ar relationship between
teaching experience and student performance., Ricgtuld be related to the supply of
teachers at the time. Murnane & Phillips belietrgd was the reason for their findings,

since less experienced teachers entered the ladmetat a period when a teacher
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shortage was acute, which made it less likely tmiaistrators to be selective in their
choice of teachers (1981). Second, some oldehéeacio no always continue to
improve and learn and may grow tired in their j@arling-Hammond, 2000). Darling-
Hammond also suggested that benefits of experiergeinteract with educational
opportunities. Veteran teachers in settings thgileasize continual learning and
collaboration continue to improve their performafarling-Hammond, 2000). So,
there are many factors which influence why somesggpced teachers continue to
improve their effectiveness, while others do not.

Some researches have questioned whether more exgetiteachers are more
effective. A study based upon a sample of 3,3ldesits in 176 New York elementary
schools replicated the Murnane & Phillips model, failed to get the same result
(Kiesling, 1984). Instead, this study found anralleositive relationship with years of
experience, not just those with over fourteen yeéiexperience (Kiesling, 1984).
Another researcher also questioned whether teathtsir later career increase their
effectiveness. Ferguson (1991) suggested thatteacbers have five years of
experience, additional years may not add to tHéectveness, since the two experience
variables used in his study (e.g. the percentageaahers with five to nine years of
experience and the percentage with nine or monesybad roughly the same
coefficients. However, the pattern was differerthvinigh school teachers, since the
results suggested that high school teachers wii oii more years of experience
produced better results on students’ test scoessdb those with five to nine years

(Ferguson, 1991).
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Summary and Conclusion of Teaching Experience

Evidence was mixed; however, the majority of stadaund positive effect
between teaching experience and student achievemeatious subject areas (e.g.
reading and mathematics) in the United Statesy akeeloped countries and developing
countries. Evidence suggests a complex relatipnsimce teachers in the first few years
of teaching are the least effective, but teachensad continue to increase their
effectiveness with each subsequent year of exprigna linear manner. However, the
research also shows that more experienced tea@wes13 years or more) are
significantly related to student achievement, esigcat the high school level. It is not
clear whether later career effect is also preseather countries, since studies have not

examined these relationships.

Teaching and Subject-Matter Preparation

Teaching preparation refers to the training thattéacher has received related to
the teaching and learning process. Examples ohieg@ preparation include education
coursework, teaching certification, or level of edtion. Subject-matter preparation
refers to the knowledge or coursework the teachdntithin the content area (e.g.
mathematics, science, reading). Both of these tgppseparations are related, because to
teach fractions, a teacher needs to be able tastand the content and associated topics
along with the relevant strategies to teach it é8y983).

Determining the association between teaching abgtstumatter preparation and
student achievement is important, since in theddh8tates teaching certification is a
requirement to enter the profession and the saldrgdule financially rewards teachers

for continuing education or additional degreessdech from the United States and
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other countries related to teaching preparationsamject-matter preparation was
reviewed in subsequent sections to examine theacesion with student achievement
and determine if their effects were consistent s&amuntries. Studies reviewed in this
section investigate secondary mathematics achievietherefore, the topic of subject-
matter preparation contained in these studieserslagcifically to mathematics
knowledge and preparation for secondary teactieBecause of the connection between
the characteristics of subject-matter preparatrahtaaching preparation, studies

regarding these characteristics were discussedhtag@ the subsequent sections.

Teaching Certification

Goldhaber & Brewer (2000) examined the impact dedent types of teacher
licensure (e.g. standard certification, privateosditertification, no certification in
subject area, or emergency licensure) upon stuadr¢vement, to determine if teachers
with standard certifications performed better tteachers with other types of
certification, when controlling for student and sohcharacteristics. The study found
that the type of certification a teacher held wasaportant determinant of student
outcomes. In mathematics, students who had teatherwere either not certified in
their subject or held a private certification, tkds well than students whose teachers
held a standard, probationary or emergency cetio in math (Goldhaber & Brewer,
2000). This impact was roughly 1.3 point differeme the mathematic test, which was
about 10% percent standard deviation. Howevedestis of teachers with emergency
certification in mathematics did no worse than etid who had teachers with standard

certification. Thus, holding all else constangrthwas no evidence that teachers with

9 Because this portion of the literature review g@iest mainly to secondary mathematics teachers niof
possible to make generalizations to other subjeassand grade levels.
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standard certification outperformed those with eyeacy credentials. Goldhaber &
Brewer concluded that it was not necessary to requstandard certification of all
teachers.

In a critique of this study, Darling-Hammond (20@tyued that the findings of
this study are inaccurate, since some of the teathat were classified with an
“emergency license” were veteran teachers who hagethfrom another state and were
not considered fully certified in the new stateMnich they were teaching. In other
words, Darling-Hammond contended that some of thietegran teachers have been
categorized as emergency license, but they shawd been categorized as standard
certification. This critique has merit since Gaidbler & Brewer (2000) acknowledged
that the teachers classified as having non-starcatdication had qualifications that
were on average quite similar to those of the telcWith standard certification (Wayne
& Youngs, 2003). However, because additional datet available, this dispute has left
both Darling-Hammond and Goldhaber & Brewer agrgdivat this point cannot be
resolved without more refined data on various teatbensure requirements (King-Rice,
2003).

Another way to see the impact teaching licenseupas student achievement is
to assess the effect of teachers who do not heeedes or have emergency licenses.
Two studies examined the impact of emergency atibachers upon student
achievement in California (Fetler, 1999; Goe, 20Rdth of these studies used multiple
regression analysis to find that the percent afliees on emergency permits was
associated with lower student scores. Schoolsmgher percentages of teachers with

certification were associated with higher studeotes. These studies concluded that
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there was a shortage of qualified mathematics sradh California and that this shortage
was associated with weak student achievement ihenadtics. However, this

conclusion may be strong considering the methododghortcomings of the studies.
Regression analysis is not the most appropriateneran study nested data (Bryk &
Raudenbush, 1992) and the analysis did not matickests with their specific teachers,
but instead used a crude estimation to determm@ehcentage of teachers with
emergency permits.

To study the broad influence of state policy upmmaent achievement, Darling-
Hammond (2000) conducted a state-level analysiseofelationship between student
achievement on NAEP tests and teacher qualificatimt as certification status and
degree in the field taught. Data aggregated tat#te level from 5,600 school districts
was obtained from the 1993-94 SASS, which was desigo provide reliable state level
estimates of the characteristics of schools archga. Darling-Hammond (2000) found
that certification status and degree in the fialadght was the most significant
determinant of student achievement, controllingstodent characteristics.

Darling-Hammond (2000) acknowledged that the satthe level of analysis can
pose problems such as biasing the estimate upwétolsever, Darling-Hammond
contended that using the state as the unit of aisalyas appropriate in this study, since
the purpose of the study was to examine state-tiatel as a gauge of broad policy
influences at the state level (2000).

The effect of a subject-specific certification lathore consistent impact upon
student achievement (Goldhaber & Brewer, 1997; &udin & Brewer, 1998). One study

incorporated dummy variables to account for whetbachers had a master’s degree or

45



certification in math (Goldhaber & Brewer, 199 Data for the study was obtained from
the National Educational Longitudinal Study of 198#ELS:88), which allowed for
students to be linked to their particular teaclad classes. The study found that
teachers who were certified in mathematics, andehath a bachelors’ or master’'s
degree in mathematics were associated with higiséistores, controlling for other
teacher and student characteristics (Goldhabere&Br, 1997). When the model did not
include the subject-specific degree for the mast@egree or certification, the results
were statistically insignificant (Goldhaber & Brenv&997). Thus, this study suggests a
reason why past production function analysis mayhage found significant
relationships between teaching certification, degned student outcomes.

The international literature has not focused ashaitention on the topic of
teacher certification and its impact upon studehievement. For this reason, | was only
able to locate a cross-national study (Akiba, Lalrer& Scribner, 2007) and another
which examined the relationship between teacheification and student achievement in
Pakistan (Warwick, Nauman, & Reimers, 1991). Aldlpa his colleagues used TIMSS
2003 to find that countries where a higher peragmnts eighth graders were taught
mathematics by fully certified teachers achievetbaificantly higher national average
mathematics scores than those students in othetreggiwhere teachers were not fully
certified (Akiba, LeTendre & Scribner, 2007). Hoxee, the limitation of this study
should be recognized, since the data was aggretyatbd country level from a small
sample of countries (n=29).

In Pakistan teacher certification follows the folmeducation process. A

candidate wishing to obtain a Primary Teachingi@eate will typically complete
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matriculation (grade 10) and then be admittedteaaher training college (Warwick,
Nauman & Reimers, 1991). Warwick and his colleagoend the certification of
teachers made little or no difference for the agtrieent of their students in mathematics
and science, but the formal level of educatiorhefteacher was a significant predictor
(Warwick, Nauman & Reimers, 1991). The intervieamsl observations conducted by
the researchers provided important contextual mé&tion about the training program,
which explains the reason for this finding. Thee@chers found that the training
program had no impact upon the preparation of &xachin addition, wide-spread
cheating was prevalent on the examination (Warwidyman & Reimers, 1991). Thus,
possessing a certification can only be viewed @®ay for teaching preparation if it is
based upon a credible system that prepares teamtheysiately for classrooms. Because
few studies were found, it is not clear whethediings from the United States are also

applicable in other countries.

Training or Professional Development

Another important part of teaching preparation @gram of training and
ongoing professional development. In the Uniteatest, the National Council Teachers
Mathematics [NCTM] (2000) purports that what mestahers learned in standard
preservice mathematics courses is not sufficianthe pedagogical and mathematical
knowledge that teachers need. Instead, teachesshave frequent and ample
opportunities to enhance and refresh their knovded@rofessional development appears
to be most effective when it is embedded withingheiculum and context of how

students learn, uses active learning opportuni@es reviewing student work, reviewing
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lessons and obtaining feedback on teaching), aod-going and in-depth (Desimone, et
al., 2002; Garet, et al., 2001).

There was evidence that professional developmdéntimced classroom practices
and improved student achievement (Wenglinsky, 2@0R20). A study which used
multi-level modeling with data from 1996 Nationasgessment of Educational Progress
in mathematics (NAEP) found that professional depelent in higher-order thinking
skills, diversity, and hands-on learning were pesiy associated with achievement
(Wenglinsky, 2002; 2000). In math, students whesehers received professional
development in working with special populationspauformed their peers by more than
a full grade level, and students whose teacheswved professional development in
higher-order thinking skills outperformed their peby 40% of a grade level
(Wenglisky, 2000).

Another type of professional development that scoentries have used is
teacher discussion. For example, in Japan andaCthia workday of teachers include
time for meeting together to analyze recent lesamalsto plan for upcoming lessons
(Ma, 1999; Stigler & Hiebert, 1999). Within the$esson study” meetings, teachers plan
a lesson and revise it collaboratively with colleag. They often teach the revised
lesson, evaluate and reflect again, and sharesthdts in written form. The purpose of
the “lesson study” is to: (1) analyze lessons @&)g(edict what groups of students will
do when presented with particular tasks. This tyfgerofessional development is not the
norm in the United States, yet teachers must enigaaetive learning such as interacting

with their colleagues on a regular basis to distiwss work and their students’ learning
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in order to develop a deeper understanding of Holdren think and learn (Desimone et
al., 2002).

The evidence in other countries is mixed regartiegelationship between
teacher training or professional development andesit achievement in other countries
(Hanushek & Luque, 2003), but overall this evidesisewed a positive and significant
relationship (Velez, Schiefelbein & Valenzuela, 39Buller, 1986). In a vote-counting
of studies conducted in Egypt, Indonesia, and Bat&yin four out of five of these
studies there was a positive relationship betweaaher training and student
achievement (Fuller, 1986). The amount of teatia@mning was also related to
achievement in Zimbabwe (Nyagura & Riddell, 1993) 8razil (Anderson, 2005).
However, contrary evidence was also found in otleeintries. For example, vote-
counting studies conducted in Latin America reveale relationship between training
and student achievement, since all of the 8 stugther found no relation or a negative
one (Velez, Schiefelbein & Valenzuela, 1993). $anty, there was little indication that
specialized training had any impact upon studehiezement in TIMSS 1995 countries
(Hanushek & Luque, 2003). However, there was vtianan the definition of specialized
training used in each TIMSS 1995 country, which esaik difficult to compares these
countries. Perhaps the conclusion that can béeedacom the conflicting results of
these studies is that the research reviewed ddesipport the view that more training
will necessarily produce better teachers, or suliseigncreases in student achievement,
but it also does not mean that training is unimgoatt It may be the case that it is not
whether training has been provided, but whetheslated to the curriculum and student

learning, which was not assessed in these studies.
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Level of Education

Another indicator of teaching preparation is thesleof education completed by
the teacher. Overall there was evidence which@ugg the conclusion that teachers’
higher level of education was related to studehieasement in mathematics in the
United States (King-Rice, 2003; Wayne & Youngs, 20énd other countries (Fuller,
1986), especially if the degree is in a contena axech as mathematics. However, across
countries there are different educational requirgsiéor teachers to enter the profession.
Not surprisingly, these requirements tend to varyhie level of development of
countries, with developed countries requiring bémtfedegree and some developing
countries having lower requirements. For thiseoead is difficult to make general
conclusions about what level of education is opliyrralated to student achievement.

Given the fact that teachers in the United Statesexjuired to have a bachelor’s
degree to enter the profession, researchers haveiead the impact a master’'s degree
has upon student achievement. This research idriited States indicated that there is
not a positive and significant relationship betwesachers who have master’'s degrees
and student achievement, except if it is in a aurdeea (Goldhaber & Brewer, 2000).
For example, Ferguson & Ladd (1996) found for aparof districts in Alabama that the
percentage of teachers with a master’s degreeelated to student achievement in
mathematics, but had little or no effect on readiogres. A one standard deviation
increase in the fraction of teachers with mastegegree (0.33 points) increased student
test scores by 0.026 standard deviations. Fergid$®1) analyzed a sample of districts
in Texas to determine the impact the percent afhtes with masters degree had upon

student achievement. The author found that cdimtgolor family and community
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background influences, the percentage of teachinsawnaster’s degree accounted for
5% of variance in student scores.

Ballou & Podgursky (2000) have criticized the résaif these studies. In their
opinion, the Ferguson & Ladd study provided rekdinweak support for a relationship
between graduate training in education and stugiglmevement, since a much stronger
relationship was established between teachersrgeaeademic ability (as measured by
ACT scores) and student achievement. They catagtiis effect as trivial, since it was
small and only found to be significant in math, aad in any of the other content areas.
In addition, Ballou & Podgursky (2000) also corhegointed out that teachers are not
randomly assigned to students. So, it is diffitolinake an inference regarding the
relationship between graduate training and studeinievement, if adequate controls are
not used. Ballou & Podgursky (2000) have alsaaizied the findings from the Ferguson
study, since the analysis is based upon distrigteggated averages rather than matching
individual students and teachers, which may oviemese the effects. They also contend
that even if teacher qualifications accounted fbpércent of explained variation
between districts, the same teacher qualificatiag account for a very different share
of explained variation in individual student actéevent?

Studies in the United States which have examineatfect of subject-matter
graduate degrees upon student achievement, hawe pmsitive and significant
relationships. One study used NAEP data to estitet effect of teacher education
(highest degree attained and undergraduate/grachagte) upon student achievement

(Johnson, 2000). The base case scenario forttldy was a student taught by a teacher

2 Ferguson (1991) found that teacher expertise (awatibn of ability, experience, and degree) exgdin
40% of the variance in student achievement.
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who had an advanced degree in education (John86A).2Thus, gains and losses in
NAEP scores were relative to the base case. Taeteff each of these factéton test
scores was assessed using jackknife ordinarysdgasire$? The study concluded that
eighth grade students who have teachers that delmhaed degrees in education,
perform worse on the NAEP exam than those whostéea hold a degree in
mathematics or science (bachelor’s or advancededsyfJohnson, 2000). In reading,
eighth grade students who have teachers that dekhaed degrees in the field of
education perform worse on the NAEP exam than tinsrse teachers have advanced
degrees in English. Another study used NELS:88 ttaestimate the impact of teachers
who hold a masters degree upon student achieveg@elthaber & Brewer, 2000).

They found that high school student achievememsgiai mathematics were associated
with students assigned to teachers who earned @mmaegree in mathematics,
controlling for student and teacher characteristidswever, no effect was evident when
the master’s degree was earned in a subject dtaemhathematics.

The international evidence regarding the effectelel of education of the
teacher has upon student achievement was mixed,Wwas difficult to draw inferences
across countries, since there was great variantteiaducational level of teachers across
countries. For example, a cross-national studg U$&ISS 1995 data to study the impact
that teachers with a bachelor’s degree had upaestwachievement (Hanushek &
Luque, 2003). The only countries where teachetls abachelor’'s degree had a

significant impact upon student achievement foydar olds were Netherlands, Norway,

2L Johnson also assessed other independent varimiolesling race and ethnicity, parents’ education,
number of reading materials in the home, free/redyarice lunch participation.

22 A jackknife is a technique designed to estimaaéistical significance accurately from data in sy
such as the NAEP which employ a complex samplinthaumlogy (Johnson, 2000).
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Switzerland, and Greece (Hanushek & Luque, 20@&)ce most countries that
participated in TIMSS 1995 had a very high percgataf teachers who had bachelor’s
degree, there was very little variance within thesentries, which may be a reason why
the other countries did not have significant ressulh fact, Greece was the only country
with a significant result which also had a veryhmercentage (99%) of teachers that
possessed a bachelor’'s degree. The remainingresmnith significant results (i.e.,
Netherlands, Norway and Switzerland) had lower gretiages of teachers who possessed
a university degree ranging from 23% to 45.5%.

The effect of teachers’ level of formal educati@s lalso been assessed in
developing countries (Fuller, 1986; Avalos, 1980)e schooling of teachers in Latin
America was significantly associated with studesti@vement in 25 out of 63 models
(Velez, Schiefelbein & Valenzuela, 1993). Full2®85) summarized previous studies
from twenty-five developing countries and foundtti@% of the studies which examined
the years of tertiary education or teacher traimingd 44% of the studies which examined
the total years of teacher’s schooling were pasisind significant. However, there are
several limitations with this vote-counting ana$ysFirst, most of these studies used
correlation analyses, which precludes the conchssabout causality. Second, the
studies examining the length of schooling of ttecker analyzed both primary and
secondary completion of teachers, which made ficdif to draw conclusions from this.

The effect of higher qualified teachers upon aatmeent of primary children was
found in Thailand, Philippines and Malaysia (Aval®880). This makes sense, since
teachers with less than secondary education appéearless effective than those who

completed secondary education (Levin & Lockhee®1)9 In Pakistan, students of
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teachers with secondary education (or higher) otdpeed those who had teachers with
only primary education on tests of mathematicssuence (Warwick, Nauman &
Reimers, 1991). The most likely reason is thaidhger teachers remain in school, the
better their grasp of the subject-matter they @aetiing (Warwick, Nauman & Reimers,
1991). Thus, these studies have found the levetlotation of teachers to be important.
However, from the evidence there did not appe#eta consistent level which is
optimally related to student achievement acrosstt@ms. The evidence shows a positive
effect between a master’s degree in the UniteceStaspecially if it is content related.

In developing countries there is evidence that lsettondary and tertiary education is

related to student achievement.

Mathematics Knowledge

Several studies in the United States have revehdtdeachers’ subject-matter
knowledge is related to student achievement (Weskyi, 2002; 2000; Goldhaber &
Brewer, 2000; Goldhaber & Brewer, 1996; Monk, 199#¥nk & King, 1994; Rowan,
Chiang & Miller, 1997; Hill, Rowan & Ball, 2005; @enberg, Rhodes, Ye &
Stancavage, 2004). This seems to be especiallyrtang for mathematics, in
comparison to other subject areas (Goldhaber & Bre2000; Goldhaber & Brewer,
1996). Researchers have suggested that subjeterkabwledge may be important
because it can support teachers in both the plgrand interactive phases of teaching
(Rowan, Chiang & Miller, 1997). Knowing mathematiacludes understanding specific
concepts and procedures, as well as the proceksragf mathematics and understanding

the connections among them (NCTM, 1996).
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While the findings from these studies have beersistent since all have found
that teachers with mathematics knowledge had aactmgn student achievement, these
researchers have used different measures to irdioaject-matter knowledge.
Goldhaber & Brewer (2000; 1996) used a Bacheloidasters degree in mathematics to
indicate that the teacher had subject-matter kryde Greenberg, Rhodes, Ye &
Stancavage (2004) utilized a major or minor in reathtics as an indicator of subject-
matter knowledge. Monk (1994) and Monk & King (#9@ised the self-reported number
of graduate mathematics courses taken by teachéhe aneasure of subject-matter
knowledge. Rowan, Chiang & Miller (1997) used tmeasures as indicators of
mathematics knowledge: (1) whether the teachentettiematics major (bachelor or
graduate) and (2) whether the teacher answerechatteematics multiple choice
guestion correctly. Hill, Rowan & Ball (2005) haeerticized the measures used in these
studies, since they inadequately capture teackeostledge. This may limit the
magnitude of effects that teachers’ knowledge mastodent learning and may also
inaccurately capture the kinds of teacher knowldgtlgematter most in producing
student learning. For this reason, Hill, Rowan &IB2005) used a measure of
mathematical knowledge, which was based upon sewetiéiple choice items that met
validity requirements to measure teachers’ mathiealdénowledge necessary to carry
out the work of teaching mathematics.

Despite the inconsistent measurement of teacheosiledge, these studies have
provided three important findings. First, mathaogtontent knowledge was found to
be important and it did not appear to be a proxydacher ability (Goldhaber & Brewer,

1996). Second, a good grasp of one’s subject aasdaund to be necessary, but not
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sufficient condition for effective teaching (Morik994). This suggests that there is an
interconnected relationship between teaching pegjpar and subject-matter knowledge.
Third, it is not clear how teachers’ mathematiaabwledge interacts with student
background characteristics. Two studies have domdéferent conclusions. Monk &
King (1994) concluded that controlling for teack&perience, the f0grade students
who performed well in the test posted higher ore gains when their mathematics
teachers had taken more mathematics courses.ditmoag Monk & King found differing
effects, since students with high-pretest scoresathematics were more adversely
affected by the variability in the preparation leoktheir teachers than were students
with low pretest scores (1994). This could mean shudents with higher test scores
need teachers with high levels of subject mattemktedge in order to continue to make
gains in achievement. However, Rowan, Chiang ail@émMound that teacher effects
varied as a function of the ability context of 8ahool (1997). These researchers
concluded that teachers’ ability was substantivalyortant in schools with high
percentages of low achieving students, which ingpdieneed for quality teachers in these
schools. Thus, this evidence depicts a conflicpimgure in how student characteristics
moderate the effect of teacher quality upon studehievement.

Research conducted in developing countries aldoates that subject-matter
knowledge is related to student achievement (in iNensee Dthilleul & Allen, 2005;
Fuller & Clarke, 1994; in Belize see Mullens, Mueas Willett, 1996 in Botswana,
Mozambique, Tanzania and Namibia see Spreen & Ban2605 in Thailand see
Lockheed & Longford, 1989). Students in Belize evByund to learn advanced concepts

more rapidly if their teachers had demonstrateshgtmathematical ability during their
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own schooling (Mullens, Murnane & Willet, 1996) hi$ study was based upon a
longitudinal design, so the multiple collectionsdata enabled an examination of
students’ growth in achievement. However, thislgtmeasured teachers’ mathematics
knowledge based upon the teacher’s level of competa mathematics on the primary-
school-leaving exam (BNSE. This test was a measure of basic mathematic lauyel
and did not reflect subsequent knowledge in mattiema

Another study which used SACMEQ Il data for fouridéan countries (i.e.,
Botswana, Mozambique, Tanzania and Namibia) alsnddhat teachers’ reading and
mathematics tests, which were used as indicatacerdent knowledge, were significant
predictors of student achievement in all of thentoas (Spreen & Fancsali, 2005).
However, this study used regression analysis, wives$ not the most appropriate
technique to study nested data, since it mixedetels of data analysis (e.g. school and
individual pupil) (Bryk & Raudenbush, 1992). Asesult, the findings may not have
accurately estimated the true effects of teaclsenigject-matter knowledge. Moreover,
there was not sufficient information in the studydetermine if the test administered to
teachers was based upon complex mathematics content

A study conducted in Thailand also affirmed thatcteers’ mathematics
knowledge was important to student achievemens $tidy used multi-level modeling
for a sample of Thai schools and the number of seareof post-secondary mathematics
class was used to determine if a teacher was tpahtd teach mathematics. This study

found that the characteristic that had a signifiedfect upon student achievement was

2 The BNSE was an'8grade mathematics exam. This exam was condudied the teacher was a
student in 8 grade.
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the percentage of teachers in the school that quemkfied to teach mathematics
(Lockheed & Longford, 1989).

The findings from studies in the United States deeloping countries indicate
that there is a relationship between teachers’ emathical knowledge and student
learning, which seems logical. Teachers need derstand the main ideas of
mathematics and be able to represent mathematacsa@serent and connected enterprise
(NCTM, 2000). In addition, if teachers understamathematical concepts, they will be
more likely to introduce and thoroughly explain teatent. Similar to the findings from
the United States, knowledge of pedagogy and coktewledge are both necessary and
connected (in Namibia see Dthilleul & Allen, 20@%;Thailand see Levin & Lockheed,
1991). The content knowledge seems to be espeuigbortant for more advanced
grades or more difficult subjects such as mathem&@Gohn & Rossmiller, 1987).

There are two important differences between théissuconducted in the United
States and developing countries. First, the meaaused to indicate subject-matter
knowledge are different. The studies in the UnB¢ates used measures that reflect
complex mathematical knowledge, while the measuses in studies from developing
countries indicate basic mathematics content. Tingsensistent measures of teachers’
mathematic knowledge have been used across cainiriee second difference between
the findings from the United States and develogiogntries is that studies conducted in
developing countries have not explored interactiffects between teachers’ subject-
matter preparation and student socio-economicsstafius, it is not known how student
socio-economic status interacts with teaching pegjmn and subject-matter knowledge

and how this effects student achievement in otbhanties.
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Summary and Conclusion of Teaching Preparation aBdbject-Matter
Preparation

In the United States the evidence regarding thewanpf teaching certification
upon student achievement is mixed, but the evidens&onger when the certification is
content related (e.g. mathematics). Similarlythim United States advanced degrees in
content areas such as mathematics have a morécaghimpact upon student
achievement than advanced degree in educatioathér countries, the evidence is
positive regarding higher levels of teacher edocatbut it is difficult to compare since
the formal levels of education vary between coestriFrom this review, it appears that
across countries the teaching characteristic wihashconsistent and strong effects upon
student achievement is subject-matter preparatitmwever, it is not clear in the context
of the United States and in other countries howesttisocio-economic status interacts

with teacher quality.

Teacher Aptitude

Teacher aptitude or academic skill has been medsyrstudies in the United
States in two ways: (1) standardized tests org)gs of teachers’ undergraduate
institutions. Overall, the evidence is positivel amgnificant regarding the impact teacher
ability has upon student achievement (Wayne & Yeu2@03; King-Rice, 2003).

Wayne (2002) has suggested some reasons why studagitiearn more from teachers
with better academic skills:

Teachers who read faster may acquire new contentlkdge more quickly.

Teachers with greater verbal facility may spendr theeparation time more

focused on lesson designing than on deciding wleattly to say. Maybe

teachers with better college entrance examinatores learned more in college,
or maybe entrance examinations scores and colidgetivity correlate with the
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quality of teachers’ pre-collegiate education- amlonger educational
experience than undergraduate education. (p.2)

Consistent with research in the United States,jesutbnducted in other countries also
indicate teacher aptitude or academic skills deged to student achievement. However,
this research has measured aptitude only with samrestandardized tests and not ratings

of the teachers’ undergraduate institution.

Test Scores

Several studies in the United States have exantivetinpact that teacher
aptitude has upon student achievement. These sthdie used different measures of
aptitude, including ACT scores (Ferguson & Ladd@)9 TECAT scoré" (Ferguson,
1991), National Teacher Evaluation (NTE) (StrausSa&&vyer, 1986), NELS math quiz
item (Rowan, Chiang & Miller, 1997), self-administd test of verbal ability (Murnane
& Phillips, 1981) and teacher licensure scoresamtiNCarolina (Clotfelter, Ladd &
Vigdor, 2006). Despite using different measureapiftude, most of these studies found
positive associations with student achievenigrilowever, one study (Murnane &
Phillips, 1981) did not find a positive associatibnt these researchers believed their
results were spurious since many of the teached aisls to assist them with the test.
The strongest evidence of the importance of tesesccomes from Clotfelter, Ladd &
Vigdor (2006) since they restricted their analysischools that assign students to
classrooms in a manner statistically indistingum@&drom random assignment. By doing
this, these researchers minimized the bias créaigdpositive student matching (e.g.

more qualified teachers with higher performing stug). They found that teacher

4 Texas teacher licensure exam.
% The dependent variable in Strauss & Sawyer (1988)not student achievement, but decrease in the
failure rate of the high school exit exam.
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licensure scores were an important determinantuolest achievement, with a one-
standard-deviation increase in licensure scoredigissl to increase student achievement
in math by 0.012 standard deviation (Clotfelterddl&Vigdor, 2006). Thus, these
studies suggest that teacher aptitude had a positigct upon student achievement.

Similar confirmation is revealed by analyzing protion function studies.
Hanushek & Rivkin (2004) found a strong relatiopsbetween teacher aptitude and
student achievement. They believe the evidenceswasger for teacher aptitude than
for any other teacher characteristic typically gmad, but it was not overwhelming, since
different measures have been used to test teacherghis reason, it may be difficult to
interpret these results (Hanushek & Rivkin, 2004).

Studies which use direct measures of teacherseaaadskills to assess their
effects upon student achievement are rare in dpivgaountries (Fuller, 1985), but
there have been studies in Uganda (Fuller, 198&), (Fuller, 1985), rural Brazil
(Harbison & Hanushek, 1992) and rural Honduras (Belllarshall, 1999). These
studies have found significant and positive relaglops between teachers’ skills and
student achievement, and similar to studies irthiged States they have used different
measures. In addition, these studies have asseasiedskills, rather than complex

content.

Ratings of Teachers’ Undergraduate Institution

The selectivity of teachers’ undergraduate insong has been the other measure
of teachers’ aptitude or academic ability in stadienducted in the United States. There
are only two studies which used rating of teachemnslergraduate institutions in

relationship to student achievement and theseestudive reached differing conclusions.
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One study found that school and teacher charaitsrigenerally appeared to influence
gain scores more than they do drop-out probalslfithrenberg & Brewer, 1994), since
students’ scores were higher when teachers camrerfrore selective undergraduate
institutions, holding other factors constant. Whiemresults were disaggregated by
student ethnic group, this effect was found fortes/laind black students, but it was not
statistically significant for Hispanic studentshéelresearchers interpreted the selectivity
of the undergraduate institution as a proxy foeligence or verbal ability of the teacher.
The other study which used a selectivity ratinghef undergraduate institution that
teachers attended, as a predictor of student aaient, found no evidence of a
relationship between undergraduate institutionesfige and students’ score gains on
vocabulary tests for the third, fourth, fifth ok grades, after controlling for student
background characteristics (Murnane & Phillips, 98Since this study provided no
information regarding how the researchers rateegrgrdduate institutions, the
interpretation of this finding is not clear. Fargreason, it is not clear how much weight
should be placed on this study.

It is not clear why a relationship has been fouetiveen the prestige of the
teacher’s undergraduate institution and studeneaement. One possible explanation is
that more selective institutions do a better jolpr&paring teachers. It could also be the
case that the selectivity of the undergraduatétutigtn may act as a proxy for teachers’

abilities.

Summary and Conclusion of Teacher Aptitude

Studies in the United States and developing caestndicate that teachers’ test

scores have a significant and positive effect ugtadent achievement. Across these
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studies different measures have been used to assebers’ academic ability. Studies in
developing countries have used measures whichsaBasg skills, rather than complex

knowledge.

Distribution of Teacher Quality

The previous sections of this chapter have notedntiportance of particular
teacher characteristics such as experience, tepphéparation, subject-matter
preparation, and aptitude have upon student aamenre However, recent studies in the
United States have documented substantial disparititeacher characteristics across
schools and districts (Loeb, 2001; Goe, 2002). éxample, Wayne (2002) used data
from the Schools and Staffing Survey (SASS) to cddpie difference between high-
poverty and low-poverty schools in hiring teacHeos less selective undergraduate
institutions?® Wealthy schools hired 21% of the teacher frors ective institutions,
while the poorest schools hired 39% of the teatiloen less selective institutions
(Wayne, 2002). Another example of this inequitab$tribution can be seen by
examining the percentage of emergency permit tea@weoss schools in California.
Schools in the top performance decile have aboubbémergency permit teachers on
average and many schools in this decile have rahées with this type of license (Goe,
2002). On the other hand, schools in the lowedbpaance decile in California have an
average of 23% of teachers with emergency pernditsame schools have more than half
of the teaching faculty with this type of liceng&og, 2002).

The topic of teacher quality distribution has bstrdied less in other countries.

For this reason, it is not clear whether teachatityus distributed more equitably in

% The category of less selective encompassed itistisiPeterson’s rated either minimally difficuttrmon-
competitive.
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other countries or similar distributional conceahso exist in them. If distributional
concerns exist, the question is why does this oecsome countries and not others? The
evidence in the United States suggests that mynstiiidents, lower income students and
urban schools are disproportionately assignedeffsstive or less experienced teachers.
Studies in the United States have also documehtgddachers tend to be sorted with
higher performing students. Since this topic hesnbexamined more fully in the United
States, this section will predominantly discusséhstudies and provide reasons which

may explain why teacher quality is not equally mistted within the United States.

Unequal Distribution of Teacher Quality in the Uratd States

Data from the National Center of Education Statssindicated that newly hired
teachers in urban schools are more likely to bénnétg teachers, and newly hired
teachers in urban fringe/large towns (e.g. subudyg)more likely to be transfers (Goe,
2002). A similar pattern was found in Texas by tkdrek, Kain & Rivkin (1999). These
researchers used a matched panel data set of teacttestudents in Texas to analyze the
pattern of teachers’ moves from one district totheq in order to sort the relative
attractiveness of different districts. Among tearshin large urban districts, the majority
of those switching districts do relocate to subarbehools, but overall less than two
percent of teachers in large urban districts mavess districts each year. Teacher
movement in rural districts was different, since thajority of teachers who leave a rural
district go to another rural district, rather tremurban district (Hanushek, Kain &

Rivkin, 1999). It appeared that teacher transg#tivere associated with higher-achieving,

64



non-minority, non-low income studerfts.This finding was true for teachers who moved
from urban to suburban districts and for teachdrs moved among suburban districts.
This led the researchers to conclude that studeracteristics are the reasons for teacher
transitions, since teachers seemed to favor higbleleving, non-minority, or non low-
income students.

Differential exposure to teacher quality betweeackland white students was
studied in Tennessee (Sanders & Rivers, 1996) amthCarolina (Clotfelter, Ladd &
Vigdor, 2005). In Tennessee, the distributioneafchers was grouped into five quintiles,
with the teachers demonstrating the lowest degreffectiveness in the first quintile and
teachers demonstrating the greatest degree iiftingtintile (Sanders & Rivers, 1996).
These researchers found that approximately terepensore black students than would
be expected, based on the ethnic makeup of th@ksistem, were assigned to the least
effective teachers (Sander & Rivers, 1996). Thie & white students to black students
for the most effective teacher quintile was 3:1,ibthe distribution of students were
similar to the ethnic makeup of the system, oneldvbave expected a ratio of 3:2. In
the North Carolina study teacher quality was defibg the years of teaching experience.
The researchers used econometric modeling to degietexperienced teachers were
distributed across districts separately from hogytivere distributed within districts in
North Carolina. For statewide results, they fothmat the probability of a typical black
7" grader in math having a novice teacher is 0.12¢lnis 54 percent higher than the
0.083 probability for a typical white student (Gédter, Ladd & Vigdor, 2005). In the
subject of English, the probability for a blackdstat to have a novice teacher exceeds

the probability for a white student to have a neweacher by 38 percent. They also

2" This pattern was not evident with black teachers.
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found that almost two-thirds of the overall blackite differences in exposure to novice
teachers reflect patterns within, rather than agreshool districts in North Carolina
(Clotfelter, Ladd & Vigdor, 2005). This means tlia¢re are large differences between
schools within a district, which result in highespesure of black students to novice
teachers.

Teacher sortin§ by school or student characteristics was fourghianalysis of
teacher quality distribution across the state dif@aia (Betts, Rueben & Danenberg,
2000), New York (Lankford, Loeb & Wyckoff, 2002)é across the United States
(Provasnik & Young, 2003; Greenberg, Rhodes, Ya#&8&avage, 2004). The
differences between these studies and the preyioostd ones were that the former
used more comprehensive measures for teacheryg(ealit included more characteristics
of teacher quality) and they focused upon all sttglénot just black and white students).
In California there was a large variation in averégacher background, as measured by
teacher education, experience, and percentagadides without full credentials, with
urban schools having higher percentages of teaghtrdow preparation levels (Betts,
Rueben & Danenberg, 2000). In contrast, simileppration levels were found among
teachers in suburban and rural districts in Califor In New York most of the variance
in teacher qualifications occurred either betwestridts within regions, or among
schools within districts, but not across regionanfkford, Loeb & Wyckoff, 2002). From
these results, the researchers concluded thatidstasitial sorting within districts
suggests that non-pecuniary characteristics af¢heols may be playing an important
role in teachers’ choices of where to teach. Tdiey believed that policies that aim to

improve the achievement of low-performing studentsst not ignore the teacher labor

% Teaching sorting refers to the allocation of gyaachers in relation to students’ charactesstic
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market dynamics, otherwise these policies willingtact the sorting of teachers that
strongly disadvantages poor, urban students (Ladkiameb & Wyckoff, 2002).

Analyzing data from the National Assessment of E&tiooal Progress (NAEP) also
revealed that high quality teachers were not eguiditributed among all students
(Provasnik & Young, 2003; Greenberg, Rhodes, Ya#&®8&avage, 2004). Students who
were not American Indian, who did not have an BBse enrolled in public schools, and
those in schools with low poverty levels were afirmlikely to have high quality
teachers than American Indians, students with IBRgate school students, and student
in high poverty schools. The researchers cautidrmed drawing a conclusion that better
teachers are moving to better-scoring studentdélidved the results suggested a simple
pattern whereby higher than average quality tegalvere found in more desirable
teachers jobs, such as those not in remote argéhs obuntry where American Indian
reservations tend to be located, in those schoitte®ut large numbers of students with
IEPs, in public schools (which generally pay higbaliaries than private schools), and not
in high poverty schools (Provasnik & Young, 2003).

Additional evidence of positive matching, or thegass of matching more able
students to teachers with stronger qualificatievess found in North Carolina (Clotfelter,
Ladd & Vigdor, 2006). The researchers used data fan extensive database within the
state of North Carolina containing information abffth grade student characteristics,
test scores, and their teachers (e.g. licensedests, experience, education, and other
background information). Analysis of this dataealed that teachers with better
gualifications typically worked in schools whichrgéed higher proportions of advantaged

students. Teachers with more experience, withesEgirom more highly ranked
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colleges, higher licensure test scores, or advadegrkees, were more likely to be found
in schools with higher proportions of students wleye white, not receiving subsidized
lunches, and have college educated parents. Téadseers also scored well on the prior
year test (Clotfelter, Ladd & Vigdor, 2006).

To test whether teacher qualifications also afféthe average level of
achievement, the researchers tested the interamtitoveen teacher qualifications with
particular student characteristics, such as suteidunch recipient, parent education and
prior year achievement. The results indicated tdethers with stronger credentials were
more effective in raising the achievement levethef more advantaged students
(Clotfelter, Ladd & Vigdor, 2006).

Finally, teachers with higher levels of mathensakoowledge, which was
described in the previous section as significarglgted to student achievement, have
also been found to be distributed unequally inUhéed States. A multiple-choice
measure was administered to a nationally represemsample of middle school
mathematics teachers in the United States, whiotveti that those teachers with more
mathematical coursework, subject-specific certifarg and high school teaching
experience possessed higher levels of teachingkspmathematics knowledge (Hill,
2007). In addition, teachers with strong mathecaatthowledge were distributed
unequally across the population of students, withent schools more likely to have
more knowledgeable teachers. In comparison, higlenty schools employed fewer

teachers with higher levels of mathematics knowdedg
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There are several possible explanations for tl@quitable distribution of teachers
in the United States. Darling-Hammond (2004) sstggethat disparities in access to
quality teachers in the United States may be reletehe following:

* Noncompetitive teacher salaries are substantiaggqual across districts

» Poor working conditions in many schools, especidibse serving the least

advantaged students

* Inadequate recruitment incentives for high-neeldisi@and locations

* Over reliance on pathways into teaching, such ag@ency hiring and short term

alternative routes, that have extremely high aitritates

» Personnel practices that undermine the hiring etehtion of qualified teachers,

especially in many urban school systems.

» Lack of accountability for ensuring the hiring afadified teachers when they are

available.

Clotfelter, Ladd & Vigdor (2006) believe inequitigsteacher distribution are “due to
four forces: the desire of teacher to find more aade working conditions, the desire of
parents to maximize the quality of their childreattucation, the desire of administrators
to please potentially vocal parents, and the dedieglministrators to maximize mean
achievement.” All of these forces working togettoambined with the lack of effective
group organization amongst poor parents, is whatiéve is a cause of the inequitable
distribution of teacher quality. The question tisadtill unresolved is whether a more
equitable distribution of teacher quality could anbe overall student achievement in the

United States and other countries.
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Distribution of Teacher Quality in Other Countries

As noted earlier, few studies have examined tlesiipn of how quality teachers
are distributed within other countries. Internatibstudies have documented a
performance gap between students from high andtmio-economic groups (in Chile
see Matear, 2007; in Brazil see Fuller et al, 199®%exico see Palafox, Prawda &
Velez, 1994, for African countries see Zhang, 20058} these studies have not explored
other topics such as: (1) if there is differensiatess to teacher quality based upon
student socio-economic characteristics and (2)sf differential access to teacher quality
explains the gap in student achievement. | wag alle to locate four studies which
have explored these questions, but most of theseestused SACMEQII data and so
only pertain to African countries (in Mauritius g€elppoo & Soonarane, 2005; in
Namibia see Shaningwa, 2005; across Africa seed2005).

Across several African countries analyzed with SAEMI data, there appeared
to be an inequitable distribution of teacher gyalithese equity concerns seemed to be
related to either regional or rural differences.other words, in these African countries,
students in poor regions or rural areas had teaahi¢h lower teacher qualifications and
school resources, in comparison to wealthier reg@mrurban areas. In Mauritius there
appeared to be a large variation in classroom egmiofessional qualification and
school head professional qualification across slshaad zones (Kulpoo & Soonarane,
2005). In Namibia, there were large variationthm level of teacher qualifications
across the regions, with the rural regions hauvmglowest teacher qualifications
(Shaningwa, 2005). In Namibia sixth grade studenBundu (poor region) were taught

by reading teachers who did not attain senior sgeigneducation, while the students in
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Windhoek region (wealthy region) were taught bykeas who had completed senior
secondary and had tertiary qualifications. Stugentormance in mathematics varied
according to the levels of qualification of thezathers, with the correlation being
positive, but not significant (Shaningwa, 2005kathing experience in relation to
student achievement varied among the regionshemnvealthier regions the lowest
performing students had teachers with fewer yebesperience, while the lowest
performing students in the poorest region had reaperienced teachers (Shaningwa,
2005).

A study using SACMEQII data across 14 African coiestfound an inequitable
distribution pattern between rural and urban sch@oRural schools compared
unfavorably to urban schools in terms of the qualftschool building, the number of
school facilities and equipment, the number ofrindtonal resources available to reading
teachers and the general reading proficiency ofdaehers (Zhang, 2005). Moreover,
these differences in school context and resouregs largely responsible for the rural-
urban gap in students’ reading scores in theseosslgetems. This means that students
in rural schools across these 14 African countreage unequal learning opportunities in
comparison to their urban peers.

Akiba and his colleagues examined the equitabkeiloligion of teacher quality in
relation to students’ socio-economic status anadozonsiderable variation across
countries (Akiba, LeTendre, & Scribner, 2007). Btudents’ access to fully certified
teachers, the percentage gap varied from -13./amtb 17.5 in South Africa. The

difference in student access to teachers with madties majors varied from -12.8 in

2 The countries in this analysis included: Botswatenya, Lesotho, Malawi, Mozambique, Namibia,
Seychelles, South Africa, Swaziland, Mainland Tawe&aUganda, Zambia, Zanzibar, and Tanzania.
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Ghana and 24.2 in Chile. The gap in students’sscteeteachers with at least three years
of teaching experience varied from -10.7 in Sweldeh6.6 in Syria. This means that

low socio-economic status students had greatesadodeachers with these
characteristics in countries such as Iran, GhamhSaveden. This study did not explore
why these differences occurred across countriesveder, it ranked the United States
with other countries to reveal that the opportugiy in students’ access to qualified
teachers between students of high and low socioesnir status was among the largest
of the world (Akiba, LeTendre, & Scriber, 2007)in& this study used three variables to
measure teacher quality, these findings shoulateegreted cautiously, since this
chapter has described the many dimensions of tegcladity, which were not adequately

captured in this study.

Summary and Conclusion of Distribution of Teachen@lity

Research in the United States outlined in this@egaint a picture of positive
teacher-student matching. In other words, teackkoshave higher levels of education,
test scores, advanced degrees, more mathematmalddge, or those who attended
more selective undergraduate institutions teneaalt students from higher achieving or
higher socio-economic backgrounds. This resultsimority or poor students
disproportionately taught by less experienced alijuteachers. Urban schools also
tend to have teachers with lesser qualificatioas tuburban schools. Studies in Africa
indicate regional or rural-urban differences indetiot access to teacher quality. A cross-
national study (Akiba, LeTendre, Scribner, 200Qrd major variations across countries
in the size of the opportunity gap between high lamdsocio-economic status students’

access to teachers with particular characterisii¢ss study used few indicators to
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represent teacher quality; hence it could not agsdyanswer the question of whether
similar distributional concerns exist in other ctries. Thus, it is still not clear whether

other countries also have similar concerns withdis&ibution of teacher quality.

Findings of Literature Review

This chapter has reviewed teacher quality charattes, their relationship to
achievement and the distribution of teacher qualityelation to student characteristics.
The review has highlighted a number of contradidicegarding the impact of particular
teacher characteristics upon student achievementekkr, there are several overall
findings that can be drawn from the review, inchgdwhat is still not known from the
literature.

First, the literature review presented evidencgujgport a relationship between
the teacher characteristics of experience, teagimegaration, subject-matter preparation,
and aptitude with student achievement. The streing@dence exists for the
characteristics of subject-matter knowledge andheaptitude. However, amongst
studies reviewed, there has been no consistentumeeakteacher quality or teacher
characteristics. This dissertation fills this vboylusing consistent and comprehensive
measures across countries to reveal whether tequhbty has a similar and comparable
effect upon student achievement.

Second, the teaching context (e.g. grade levebotent area) affects the
interpretation between teacher characteristicssaumtent achievement. In the United
States teacher characteristics were not equakgife across grade levels or content
areas. For example, results were more often faunththematics than other subjects.

The results were not consistent across all gragddewith more consistent results

73



occurring at the high school level. Since thermmaéional evidence was more limited and
tended to be focused upon primary students, itneaslear how the context or grade
level may affect the relationship between teacharacteristics and student achievement.

Third, there was contradictory evidence in thetebhiStates regarding the
interaction effect between teacher quality andesttdharacteristics. However, most of
the studies have concluded that teacher qualityahsttbnger impact upon achievement
for students from high socio-economic backgroundsernational and cross-national
studies have not examined the interaction betweetest and teacher characteristics.
So, it is not clear how students’ socio-economatust interacts with teacher quality in
other countries, and how consistent this effeati®ss countries.

Fourth, evidence indicates a concern with howlteaquality was distributed in
schools and districts in the United States. Teaciweo have higher levels of education,
test scores, knowledge of mathematics, advance@eggr those who attended more
selective undergraduate institutions, tended tmatched with students from higher
achieving or higher socio-economic backgroundsis Tésults in minority or poor
students being disproportionately placed with Egserienced or less quality teachers.
Urban schools also tended to have teachers wiledegialifications than suburban
schools. Studies in Africa indicated the existeoiceegional or rural-urban differences
in student access to teacher quality. Since studdien other countries were not able to
be located and the cross-national study of teadineacteristics did not adequately
measure teacher quality, it is not clear whethieeiotountries also have similar teacher

quality distribution concerns.
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Conceptual Framework

This study seeks to understand teacher qualitygliéggionship with students’
socio-economic status, its effect on mathematibgegement, including its interaction
with students’ socio-economic status. Figurespldiys the conceptual model

illustrating these relationships.

Figure 3. Conceptual Model

Teacher Mathematics
1 Quality 2 Achievement
’ >
A
A
: 3a 3b
Socio-
economic
Status

First, since “teacher quality” is an abstract cqugcthe first research question
develops a measure of teacher quality. This coiteissutilized in the subsequent
research questions to examine teacher quality scmmtries in the sample. Second,
research suggests that the distribution of teaghality may vary systematically
according to students’ socio-economic status, araf®w one in the Conceptual Model
portrays this relationship, this relationship ikted to the second research question.
Third, teacher quality in turn is expected to pgusly affect mathematics achievement,

which is shown with arrow two in the Conceptual Mbdnd relates to the third research
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question. Fourth, the effect of teacher qualitymary according to students’ socio-
economic status. The moderation effect of socaemic status is shown in the
Conceptual Model with arrows three a and b, whetates to the fourth research
guestion. Moderation is tested with an interactemm (i.e. product of teacher quality and
socio-economic status), which is discussed in tiseasquent chapter.

If teacher quality significantly predicts mathensatachievement, then it is
important to ensure students have high qualityitercand equitable opportunities to
learn. The absence of uniformity in the distribatof teacher quality may be explained
by the fact that low income parents, in contragtighh income parents, do not organize
an effective collective action to exert pressurerupchool administrators conducive to
the improvement of their children’s achievemenbffélter, Ladd, Vigdor, 2006; Lareau,
2003), which is posited by the Membership Theorinefjuality. Given that teacher
quality would be effective in increasing the acleiment of low income students, it is
important to ensure an equitable distribution attesr quality and, to this end, it may be
necessary to improve the collective action in laaome neighborhoods, so that the

community becomes a strong advocate for teacheitygumlow income schools.

Conclusion

This chapter has shown that teacher charactersis as experience, teaching
preparation, subject-matter preparation, and ajgifire associated with student
achievement in the United States and other cosnfiayne & Youngs, 2003; King-
Rice, 2003; Fuller, 1986). Teacher quality is distributed evenly in United States
schools, since teachers appear to select schaiigher achieving or higher income

students. Students from high-socio-economic baxkgis were more likely to have high

76



guality teachers, raising obvious concerns abouityqlt should also be noted that
studies which have controlled for this positive-alatg of teachers and students, have
found that teacher characteristics such as experiand teacher test scores, were
significant determinants of student achievementtf€lter, Ladd & Vigdor, 2006).
Thus, forty years after the release of the ColeReport, this chapter has reviewed
studies indicating that teacher characteristicsteteinfluence upon student
achievement, independent of student socio-econbatdkgrounds. However, those

characteristics are distributed in a way that umilees equity.
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Chapter Three
M ethodology

This study examines educational equity, specifycaliie level of teacher quality,
its association with students’ socio-economic staind its effect upon mathematics
achievement, including interaction effects in a genof TIMSS 2003 countries. In order
to conduct a cross-national comparison of teachality, a measure was developed
using a comprehensive composite of teacher chaisiats of experience, teaching and
mathematics preparation, which a large body ofaresehas shown to be associated with
student achievement. Research regarding teacheaathristics, while consistent in
broad terms, has used different datasets and elifferariables to measure these
characteristics, and thus it is difficult to det@menhow the level of teacher quality varies,
how it is associated with students’ socio-econostatus, how it predicts mathematics
achievement, including interaction effects acraamtries.

This study employed factor, correlation, and regjgsanalysis to answer the
research questions. Factor analysis was used/ébagea common measure of teacher
guality, which was the teacher quality composia(.e., teacher quality composite)
This measure allowed for a comparison of the lavel variance of teacher quality within
and across countries. The correlations betweetefuher quality compositnd socio-
economic status (as measured by parental levelugfagion) was computed to determine
their association with students’ socio-economitusta For each country, theacher
guality compositevas used in a regression equation to determinarttweint of variance
in mathematics achievement explained by it, wheslealed whether there was a

consistent effect of teacher quality across coestriFinally, an interaction term defined
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as the product dkacher quality compositnd students’ socio-economic status (e.g.
mean classroom parental education) was employddtewmine if the impact of teacher
guality upon mathematics achievement varied depgnalbon students’ socio-economic
status.

This chapter describes the methods that weretosedhmine the research
qguestions of this study. It also describes thecasiof data, sample, instruments, and

how the results were interpreted.

Research Questions

This study sought to answer the following reseapabstions. All data were

aggregated to the teacher level:

1. How does teacher quality, as defined in this siudy a composite of experience,
teaching preparation, and subject-matter preparatiary within and across the
sample of countries? In other words, what is ¢ivelland variance of teacher
quality within each country in the sample? How klese levels and variances
differ across countries in the sample?

2. In each country in the sample, to what extentasher quality (as defined above)
associated with students’ socio-economic statusg¢ored by parental level of
education)? How do these associations vary acmssries?

3. How does teacher quality predict mathematics aeim@nt in each country in the
sample? How do these relationships vary acrossties?

4. How does students’ socio-economic status moeléna effect of teacher quality

on mathematics achievement in each country ofdhge? In other words, does
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teacher quality impact achievement differently, eleging on students’ socio-

economic status? In addition, how do these effeaty across countries?

Research Design

This study used a non-experimental research désignswer the research
guestions about the relationship between teacleacteristics, socio-economics status
and math achievement in a sample of TIMSS 2003tcegn A non-experimental design
was utilized since the data from this study washasied upon experimental conditions,

such as randomization and exposure to an intensenglated to quality of teachers.

Theoretical Constructs

There were three constructs that were analyzeuisrstudy: (1) teacher quality,
(2) socio-economic status and (3) mathematics aehient. These constructs were
represented by TIMSS 2003 data aggregated to #issrdom level. This aggregation
was needed in order to not violate that indepenelehobservation assumption for factor
analysis, which is discussed further in a subsepestior’.

The first construct was teacher quality (itegcher quality composite)Teacher
quality is an abstract concept with no agreemegdnding its characteristics. For this
reason, researchers have typically used measuestuker characteristics as a proxy for
teacher quality. Across studies there has beaonsistent measurement of teacher
quality. Thus, the task of defining this constrwets challenging. For this study, teacher

quality consisted of the characteristics of teaglpreparation, subject-matter

30 It should be understood that the classroom archézdevels are the same.
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preparation, and experience, which the previouptehaescribed cross-national
evidence indicating that these characteristics wadeged to student achievement.
Teacher aptitude was not included in the constailete TIMSS 2003 did not administer
a test to teachers, and had no measure of theiggleof the universities that teachers
attended, so it was impossible for this study teeh@ measure of this characteristic.
Subsequent sections describe the process uselttitatatheteacher quality composite.
The other constructs were socio-economic statusiéasured bynean classroom
parental educationand mathematics achievement (as measureddrnage classroom
mathematics achievemégn€lassroom parental education is being usedpasx for
socio-economic status, since TIMSS 2003 did notgasstions relating to parental
income. The level of parental education was useal @oxy for socio-economic status,
since income is related to one’s level of educaf@iponelle, 1991). However, the level
of education does not capture all aspects of secomomic status, so this limitation in
the data should be understood. Mathematics aanieve@verage classroom
mathematics achievemegmtas represented by the first plausible value civis

discussed in more detail in a subsequent section.

Population and Sample

This study was based upon data from TIMSS 2003chwvias a cross-national
database of mathematics student scores and tegwrarcteristics, in which 48 countries
participated. TIMSS 2003 countries were diverseeims of geography, level of
educational attainment and economic developmenith&rmore, TIMSS 2003 aligned
all of the surveys directly with the students’ teaG which allowed for a direct

assessment of the teachers’ contribution to studanting. This direct correspondence
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between teachers and students was necessary inoeswer the research questions in
this study. In addition, TIMSS 2003 contained imfi@tion on topics such as teacher
training and professional development (Mullis ¢t28I03).

48 countries participated in TIMSS 2003 at the #igirade level. However,
several countries did not follow the sampling glireestablished by the International
Association for the Evaluation of Educational Acl@ment (IEA), which was
responsible for the overall administration of thesessment. For this reason, countries
which did not meet TIMSS sampling guidelines, ateeded the exclusionary rates were
deleted from the sampfé. A preliminary check of the TIMSS 2003 data reeeahat
several countrié$ either did not have data for all the survey iteéha were needed for
this study, or had twenty percent or more missiaig dor some survey items. In addition,
preliminary analysis revealed several countriesndidhave correlation matrices which
were positive definit€ (Wothke, 1993), which was needed to perform faatwlysis.

This resulted in a sample composed of fifteen aoesytincluding: Australia, Botswana,
Chile, Ghana, Hong Kong, Jordan, Malaysia, New &&@| Palestine, Philippines,
Romania, Serbia, Slovak, Sweden, and the Unitei@StaTable 1 provides information
about the educational enroliments, level of ecorateivelopment? and geographical

region for each country in the sample.

3L There were six countries which excluded more haercent of their populations at the eighth grade:
Hungary (8.5%), Iran (6.5%), Israel (22.5%), Maaaidp(12.5%), Russian Federation (5.5%) and Syria
(18.8%). Syria and Yemen will be excluded fromlgsia because the characteristics of their samplew
not completely known to the IEA. In addition, Eagtl’s participation fell below the minimum required
50% level.

%2 These countries include: Armenia, Bahrain, Belgigypt, Indonesia, Italy, Korea, Latvia, Lebanon,
Moldova, Macedonia, Morocco, Netherlands, SaudbiaScotland, South Africa, and Tunisia.

% These countries include: Bulgaria, Japan, Singapnd Taiwan.

3 The column of educational development reflect®sdary and tertiary enroliment.
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Tablel
Education and Economic Development for Sample

Country Secondary  Tertiary TIMSS Economic Regibn o
Enrollment  Enrollment  Sample Fully DevelopmentoNdl
(%) (%) Certified (%) (GDP per

Capita $)

Australia 85.0 74.0 95.6 High Oceania
($21,696)

Botswana 60.0 6.0 87.0 Middle Africa
($3,496)

Chile 88.0 43.0 92.0 Middle South
($5, 205) America

Ghana 33.0 3.0 76.4 Low Africa
($269)

Hong Kong 76.0 32.0 81.2 High Asia
(%26, 236)

Jordan 82.0 35.0 97.0 Low Middle East
($1, 908)

Malaysia 70.0 29.0 85.3 Middle Asia
($3, 937)

New Zealand 91.0 70.0 83.7 High Oceania
(%14, 802)

Palestine 85.0 34.0 91.6 Low Middle East
($993)

Philippines  59.0 29.0 94.6 Low Asia
($1,045)

Romania 81.0 36.0 97.9 Low Europe
($1,992)

Serbia 89.0 36.0 90.9 Low Europe
($1,197)

Slovakia 89.0 32.0 92.0 Middle Europe
(%4, 081)

Sweden 98.0 82.0 80.6 High Europe
($27,968)

United States 89.0 83.0 81.5 High North

($35,521)  America
(Source: World Development Indicators, 2007; TIME®3 Teacher Survey)

As Table 1 shows, the sample of countries was seveEach geographic region
was represented in the sample. There was a divefseducational development, since

countries had differing secondary and tertiary bment rates. In addition, the
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percentage of certified teachers sampled by TIM@Balso revealed variation amongst
countries. Finally, the countries’ gross domegtimduct (GDP) per capita, which is an
indication of the economic development, also rex@aliversity in this aspect. The
variation in the GDP is helpful, since cross-naticstudies have interpreted educational
results and patterns across countries based updaevél of development in each country,
and allows the formulation of questions such atheseffect of teacher quality consistent
across countries, and are more significant effiectsd in countries with particular
characteristics such as level of development? Tthesdiversity in the sample was
useful for making interpretations across countaigsut teacher quality, its distribution

and effects upon achievement.

TIMSS 2003 Sampling Procedures

Each country that was included in TIMSS 2003 dgwetba representative
national sample, which is important since this gtisdocused on the country. Samples
were developed by means of a two-stage samplinigrdest the first stage each country
selected at least 150 schools using probabilitpgrional-to-size sampling (Martin,
2005)%° Countries could incorporate in their samplingigiesmportant reporting
variables (e.g. school type or urban) as stratiboavariables. At the second stage, one
or two classes (one classroom if participating'irgade assessment, and two classrooms
if participating in both # and &' grade assessments) were randomly sampled in each
school. This resulted in a sample size of at 14810 students per country and 137 to

377 teachers per country.

% With prior approval, countries were allowed to gitkhe sampling design to local circumstances (Mart
2005).
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TIMSS 2003 intended its target population to belsihus at the end of their eighth
year of formal schooling in each countfyFor comparability purposes, the target
population specified all students enrolled in ohevm adjacent grades that contained the
largest proportion of 13 year-old student at theetof the testing (Martin, 2005). This
was intended to represent eight years of schoatimgnting from the first year of

primary schooling, which was the case in most aoesit

Instrumentation

TIMSS 2003 was conducted under the auspices dE#eunder the direction of
the International Study Center at Boston Collegke International Study Center was
responsible for the design, development, and imelgation of TIMSS 2003, including
the assessment framework, assessment instrumedtsueveys. The International Study
Center ensured quality in data collection and arealyand reported the study results
(Martin, 2005).

There were several methods used to develop anteréfe survey instruments.
First, draft instruments were sent to members @fQlestionnaire ltem Review
Committee for review. This Committee’s suggestiarere implemented (Mullis et al,
2003). Second, a meeting in Spain in December pO€ie National Review Committee
was held to review the revised instruments (Mutigal, 2003). This Committee
suggested a number of improvements to the questi@®) which were implemented.
Third, the instruments were field tested after theye translated into the respective
national languages by the National Review Commnst(®4ullis et al, 2003). In that way

41 out of 48 countries participated in the eightddg field testing (Mullis et al., 2003).

% The fourth grade was also sampled by TIMSS 2008wl not be used in this study.
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Fourth, data from the field test was analyzed tolsav particular items worked across
countries and within individual countries. Final&nother meeting of the National
Review Committee was held to discuss the analydisedfield-testing. Based upon
discussions at this meeting, some items were eiéwsed or deleted.

After this meeting, the instruments were finalized sent to the National Review
Committee for translation and production. Data watected during September through
November 2002 in southern hemisphere countriesdandg February through July
2003 in northern hemisphere countries (Mullis e2@D3).

The instruments that were used in this study ireludathematics achievement
assessments, teacher and student suNeyhe TIMSS 2003 eighth-grade mathematics
achievement assessment contained 194 items, wwiiktare of multiple choice and
constructed response items. However, studentsmdsgddo only a portion of these items
because each test booklet contained only a subdat mathematics items. This was
done to keep the testing burden on individual sttgllow. Because of this, TIMSS 2003
used a sophisticated psychometric scaling technizplied item response theory scaling
with conditioning, (Baker, 2001) and multiple imation (Wayman, 2003) to derive
estimates for the score each student would haesvext had they completed the entire
assessment (Martin, 2005). In other words, thenadé for an individual student is drawn
from a distribution of potential scale scores fibstudents in the sample who have
similar characteristics and identical patternd@iiresponses. TIMSS 2003 database
contains five separate imputed estimates for eemtes The plausible values were not

test scores for individuals, but can be used asrmediary computations for calculating

3" The data from these instruments was made availatite investigator by NCES during the TIMSS 2003
training in the form of a DVD.
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summary statistics for groups of students. Trst ptausible value was used in the
regression equations because all of the plausdiees were highly correlated (.9 or
higher). Thus, similar results were expectedefdther plausible values had been used.

Data from two of the background surveys (teachdrstndent) were also utilized
to answer the research questions. The teachezysaollected information about the
teachers’ preparation, professional developmert tlagir pedagogical activities. The
teacher survey items were used as variables farttaiacteristics of teaching
preparation, experience, and math preparation,hwthie previous chapter indicated were
related to student achievement. The findings ftieenliterature review were used to
guide the selection of the TIMSS 2003 survey itesng;e the joined files from the
teacher, student, and school surveys containedardbles. These variables were
reviewed to find the most relevant ones. The $egielded twenty-nine survey items
related to teaching preparation, subject-mattgpgmaion, and experience. TIMSS 2003
variables related to teaching preparation incltei@ching certification, level of formal
education, and participation in professional depelent. TIMSS 2003 variables related
to subject-matter preparation include: content Kedge (e.g. self-assessment of
readiness to teach mathematics content) and nrajoathematics. There was only one
TIMSS 2003 variable related to experience, whick tie number of years the teacher
had taught.

The student survey sought information about thdesits’ home background
characteristics; however, it did not ask questansut socio-economic status or family

income. However, the survey contained a questimutethe highest level of education
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completed by each of the parents. Table 2 illtestrghe instruments and variables that
were utilized to answer each research questiomisrstudy.

Table2
Alignment of Instruments and Variables for each Resrch Question

Research Question  Instrument  TIMSS 2003 Variables

Type
One Teacher Questionnaire Teaching license
Level of formal education
Participation in professional
development
Mathematics major
Readiness to teach mathematics
Number of years teaching experience
Two Teacher Questionnaire Same as above
Student Questionnaire Level of parental edooati
Three Teacher Questionnaire Same as above

Mathematics Assessment Mathematics Achievement
(Plausible Value)

Four Teacher Questionnaire Same as above
Student Questionnaire Same as above
Mathematics Assessment Same as above

There were eight TIMSS 2003 survey items depictimgracteristics related to
teaching preparation, twenty TIMSS 2003 survey #el@picting characteristics related
to subject-matter preparation, and one TIMSS 2003y item related to experience.
Most of these variables were either dichotomous (gs or no) or ordinal. Ordinal data
means it has order, but the intervals between gwafgés may be uneven (Garson, 2006).
Some researchers have suggested that ordinal eimat@inous data may be used in
procedures which assume interval data, since Jaéc#an (1996) indicated that it does

not seem to affect Type | and Type Il errors dracally. However, many of the ordinal
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variables in this study have fewer values (e.g than five) than what is typically
recommended, which may violate normality assumgtermd also runs a heightened risk

of confounding difficulty factors (Garson, 2006).

Data Analysis

This section discusses the variables and datasasagchniques and their
assumptions for each research question. Therh@e data analysis techniques that
were used in this study: factor analysis (princig@ahponent analysis will be the method
used to extract the factors from the data [Garg087; Kim & Mueller, 1978]),
correlation analysis (Chen & Popovich, 2002), aagtession analysis (Cohen, Cohen,
West & Aiken, 2003; Pedhazur, 1997; Green & SalkiaD4). Factor analysis was
utilized for the first research question. Cornelatanalysis was used with research
guestion two, and regression analysis was usedstoex research questions three and

four.

Research Question One

As was previously mentioned, the first researchstior in this study asked: how
does teacher quality as defined in this study &.eomposite of experience, teaching
preparation, and subject-matter preparation) vattyimvand across the sample of
countries, and how do these levels and variandfs dicross countries in the sample?
This section of the chapter describes the datssabhgequent sections discuss the method

of analysis, the interpretation of the results, tredassumptions.
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Data for Research Question One

The twenty-nine TIMSS 2003 variables used in tegearch question included :

Years of teaching experience (btbgtaut)

Type of teaching certification (ordinal- 3 leve{b}bgtelc)

Level of formal education completed (ordinal- 6dbs) (btbgfedc)

Participation in professional development-crititahking (dichotomous)
(btbgpdct)

Participation in profession development- math cohite the past two years
(dichotomous) (btbmpdmt)

Participation in professional development-math geds in the past two years
(dichotomous) (btbmpdm)

Participation in professional development-math ss®ent in the past two years
(dichotomous) (btompdm)

Participation in professional development-mathicutum in the past two years
(dichotomous) (btbmpdmc)

Participation in professional development- mathrirgional technology in the
past two years (dichotomous) (btbmpdit)

Mathematics major (dichotomous) (btbmpsma)

Mathematics education major (dichotomous) (btbmpsem

Ready to teach number-decimals and fractions (aldglevels) (btbmre01)

Ready to teach number- integers (ordinal- 3 le\gitimre02)

90



* Ready to teach algebra- patters (ordinal- 3 le\eEmre03)

* Ready to teach algebra- simple equations (ordbdvels) (btbmre04)

* Ready to teach algebra-equivalent representatadsm@l- 3 levels) (btomre05)

* Ready to teach algebra- attributes (ordinal- 3lW®&tbmre06)

* Ready to teach measurement- estimations (ordinakeds) (btbmre07)

* Ready to teach measurement- computation (ordinalvels) (btbmre08)

* Ready to teach measurement- measures (ordinale®)gbtbmre09)

* Ready to teach measurement- precision (ordinavés) (btbmrel0)

* Ready to teach geometry- Pythagorean theorem @¥d@revels) (btbmrell)

* Ready to teach geometry-congruent figures (ordidévels) (btomrel2)

* Ready to teach geometry-cartesian plane (ordinigves) (btbmrel3)

» Ready to teach geometry- translation (ordinal~ve@l® (btbmrel4)

* Ready to teach data- sources of error (ordinatvals) (btbmrel5)

* Ready to teach data- data collection (ordinalvgl® (btbmrel6)

* Ready to teach data- characteristics (ordinalv8l& (btbmrel7)

* Ready to teach data- simple probability (ordindie\&ls) (btbmrel8)

As previously noted, these variables were selemteithe basis of the findings of

the literature review, which indicated that therelcteristics of teaching preparation,
subject-matter preparation, and experience weateckko student achievement (Wayne

& Youngs, 2003; King-Rice, 2003).
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Data Analysis and Interpretation for Research Quiest

To answer this question, a common measure of tegciadity across countries was
needed. Factor analysis was used to develop @stemismeasure of teacher quality
across countries, which in this analysis wescher quality composit&or this study a
large number of observed variables from TIMSS 20@3 29 variables related to teacher
characteristics of experience, teaching preparafind subject-matter preparation) were
used to represent teacher quality.

Factor analysis was selected because it is a gahtihat permitted the reduction
of a large number of overlapping measured variaolessmaller set of factors (Kim &
Mueller, 1978; Green & Salkind, 2004), which instlsase was one. Moreover, “if the
measures reflect different dimensions of a broadaceptual system, factor analyses can
yield factors that represent these dimensionstentaonstructs” (Green & Salkind, 2004
p. 312), which in this case was a measure of teaphadity. It should be understood that
in this study factor analysis was not used to exgplbe underlying dimensions of the data
(Kim & Mueller, 1978). There are different methanfsextracting the factors from a set
of data. The method used by this study was prat@pmponent analysis, since this was
the default option in SPSS.

There were three steps to calculatetdaeher quality compositevhich are depicted

in Figure 3 below.
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Figure 3. Processto Develop Teacher Quality Composite
(Weighted Data with Aggregated File of All Countriesin Sample)

Step 1: Used AM Software with sampling weightadtwgt(design weight)jkzone
(stratum)and jkrep(cluster)] to generate a correlation matrix of TIM3003
variables.

Step 2: Used SPSS Syntax with correlation matrix to gateeloadings and the
component matrix.

Step 3: Used component matrix to develop the teacheritydakctor score for each o
country.
» Standardized the TIMSS 2003 variables in SPSS
» Calculated the factor score for each teacher yguSompute
function to multiply the component matrix by itaustlardized
variable and summing these products.
on

7 ~

the population and design weightsdtwgt(design weight)jkzone(stratum)and jkrep
(cluster)] in AM software. Then, the correlatiomtmx of the TIMSS 2003 variables was
input into SPSS with Syntax (See Appendix A), whicbvided the component matrix
and factor loadings.

Finally, theteacher quality compositgas calculated by multiplying the component
matrix by the standardized vaffi®f the corresponding variable and summing these
products. This resulted inteacher quality composifer each teacher in the aggregated
data file of all countried’

The descriptive statistics (e.g. minimum, maximuamge, mean, standard
deviation, and percentiles) of theacher quality compositgere analyzed across
countries, particularly the mean composite scocki@nstandard deviation. Countries

were grouped by how they related to the mean valuéhe sample (e.g. near, above or

3 The variables were standardized in SPSS whiclifigithe design weights in TIMSS 2003 were not
employed during this calculation.

39 For this study a minimum sample of 145 is needeshtisfy the requirement of five times the numtfer
variables (Garson, 2006). However, other reseasdieeve suggested that when the communalitieoare |
a larger sample is advised (Hatcher, 1994).
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below the mean). Comparing the méaacher quality composiia each country
revealed which countries had high or low levelseaicher quality. Comparing the
standard deviation of the teacher quality factorscevealed the uniformity of teacher
characteristics within countries. A country witkraall standard deviation in theacher
quality compositevould imply uniformity of teacher characteristiwghin the country.

In contrast, a country with a large variance wauaigly less uniformity of teacher quality
characteristics within the country.

The analysis conducted in this research questiovigeed descriptive information
which gave a sense of the level and variance dfetheher quality factor score across
countries. This provided important contextual infation before examining the
association of teacher quality and classroom sec@omic status, its effect upon

classroom mathematics achievement, including iotera effects.

Assumptions of Factor Analysis

Two assumptions underlie factor analysis (Greera&ki8d, 2004; Kim &
Mueller, 1978). The first assumption is that theasured variables are linearly related
(Green & Salkind, 2004). This is of particular ionfance when the items that were
analyzed have very limited response scales (ecgotbmous variables), since this could
violate this assumption and lead to the identifarabf spurious factors (Green &
Salkind, 2004). The second assumption is facteaabkation, which means that observed
variables are linear combinations of some undeglgiausal variables (Kim & Mueller,

1978). Factor analysis cannot create valid dinoss(factors), if none exists in the data

94



Research Question Two

As was previously mentioned, the second researebtiqun asked: in each
country in the sample, to what extent is teachatityuassociated with students’ socio-
economic status (measured by parental level ofadu)? How do these associations
vary across countries? This section of the chajgscribes the data, while subsequent
sections discuss the method of analysis, the irg&tion of the results, and the

assumptions.

Data for Research Question Two

There are two variables for this research questibrieacher quality composite
and (2)mean classroom parental educatioAs previously noted, parental education is
being used as a proxy for socio-economic statnsesTIMSS 2003 did not ask questions
relating to parental income or other informatio@socio-economic statuslean
classroom parental educatiomas calculated by averaging the level of parezdalation
for each student assigned to each teacher in thplea As previously noted, this
variable was aggregated to the classroom levekdar to maintain a consistency with
theteacher quality compositsince it was aggregated to the teacher level tvintdte

the independence assumption related to factor sisaly

Data Analysis and Interpretation for Research Quiest Two

To calculate the correlation between teacher quality composite and mean
classroom parental educatiptheteacher quality compositeas recalculated. This was

done, since the composite utilized in the previmsearch question was already
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calculated with the population and design weiglhtihe teacher quality composifeom
the previous research question had been utilibedpdpulation and design weights
would have been applied two times (i.e. once duttregdevelopment of the factor score
and again during correlation analysis). So, anaigitedteacher quality compositgas
calculated so that the data analysis properly ateolfor the weights of both variables.

The process used to calculate the unweigtgacher quality composiiavolved
three steps, which were identical to the first aesle question, except for when the design
and population weights were applied. First, theedation of the TIMSS 2003 variables
for each country and all countries in the sampleevealculated in SPSS. This meant that
the correlation matrix was not calculated with dasand population weights. Second,
the correlation matrix of the TIMSS 2003 variabless input into SPSS with the Syntax
Function, which generated the factor loadings &edcbmponent matrix. This was done
for each country and all countries in the samfleird, each of the TIMSS 2003
variables was standardized in SPSS. Finally, theflwe Function in SPSS was used to
multiply the component matrix by the standardizadables and sum these products.
Thus, SPSS was the only software that was utili@ethis calculation, resulting in a
score not employing the population and design wisigihe recalculateacher quality
compositevas used for this research question and the subsegnes.

Once the unweightetgacher quality compositgas generated, the data was input
into AM software to calculate the correlations bedw the unweightegacher quality
compositeand themean classroom parental educatidrased upon design and population

weights matwgt(design weight)jkzone(stratum)and jkrep(cluster)]. This meant that
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the design and population weights were appliedtb bariables during the calculation
of the correlation coefficient.

Correlations can vary from -1 to +1, with O indiogtno relationship and 1
indicating perfect relationship. For this studyadue of -1 would represent a perfect
negative relationship between tieacher quality composindmean classroom
parental education This would mean that teacher quality was neghtitelated tanean
classroom educatigrwhich would signify that higher levels of teaclgeality were
associated with lower levels of classroom paresdalkcation. In other words, quality
teachers were more associated with low socio-ecanstmdents. A correlation of zero
would signify no relationship or a random assignnwdrneachers and students. A
correlation of 1 would mean that tteacher quality composit®as perfectly related to
mean classroom parental educatieamplying that teachers with high composite scores
were more associated with high levels of averagenpal education.

The results were grouped into categories based sigaificance (e.g. countries
with significanf’association and countries with no association)is @halysis provided
important information about the relationship betavésacher quality and classroom

socio-economic status for each country.

Assumptions of Correlation Analysis

There are two assumptions underlying correlatialyams. The first assumption
is that the data represents a random sample frempdpulation, and that the variables for
one case are independent of other cases (Greetk&a&g&£004). The second

assumption is that the variables are bivariatelynadly distributed (Green & Salkind,

“0p values of less than .005 will be required for Higance.
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2004). This is of particular importance if the pose of the Pearsorrss to infer the
population p) or to conduct null hypothesis tests (Chen & Popova002), which were
the aim of this study. Bivariately normally diswted means that each variable is
normally distributed independently of the otheriable, and each variable is normally

distributed at all levels of the other variable é@& Popovich, 2002).

Research Question Three

As was previously mentioned, the third researctstioies asked: how does teacher
quality predict mathematics achievement in eacmtgun the sample? How do these
relationships vary across countries? This sedfdhe chapter describes the data, while
the subsequent sections discuss the method ofsasadhyterpretation of the results, and

assumptions.

Data for Research Question Three

For the regression equation, there were two vagaltheteacher quality
compositecalculated in the previous research questioneaedage classroom
mathematics achieveme(ne. first plausible value). The unit of anabysif this research
guestion continued to be the classroom. This wa® do maintain consistency with the
teacher quality compositand so mathematics achievement was also aggretpatieel
classroomgverage mathematics achievement).

As previously noted, TIMSS 2003 database contaiivedblausible values, which
were separate imputed estimates for mathematigs\echent. NCES recommends
using all of the plausible values in data analf@ighe most accurate estimation.

However, all of the plausible values were highlyretated (.9 or higher) with each other
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and preliminary data analysis (i.e. regressionyams)l revealed that similar results were
obtained with each plausible value. For easemdnteng, a decision was made to use
only the first plausible value for this and the sedpuent research questions. Thus, it
should be understood that whaverage classroom mathematics achievensensoted in

the discussion, it means the first plausible value.

Data Analysis for Research Question Three

In order to answer this research question, bottretadion and regression analyses
were conducted. To determine the association legtwee teacher quality composite and
average classroom mathematics achievement, thelation of these two variables were
conducted for all countries and each country séglgraThen, simple regression was
employed.

Simple regression computes the coefficient of araggn based upon an
independent and dependent variable (Cohen, Cohest 8/Aiken, 2003; Pedhazur,
1997; Green & Salkind, 2004). This means thatéheher quality compositeas used
to predictaverage classroom mathematics achievemehich revealed how significant
teacher quality predicted average classroom mattesvachievement. Regression was
conducted for all countries aggregated and sepwrfateeach country.

The correlation and regression analysis were coatploy AM software since this
software can conduct these analyses while accayfdirthe population and design
weights. These procedures provided several stajsticluding the correlation
coefficient, R? Beta coefficients, t values, apdalue. These statistics provided
information about the variance average classroom mathematics achieveragpltained

by theteacher quality compositnd its significance. This revealed if teacher quality
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compositehad a consistent effect in predictimgerage classroom mathematics

achievemenacross countries.

Assumptions of Multiple Regression

There are four assumptions for multiple regressiualysié* (Cohen, Cohen,
West & Aiken, 2003). The first assumption is pnogpeecification of the form of the
relationship between the independent and dependeiables (Cohen, Cohen, West &
Aiken, 2003). Regression generally assumes arlieéaionship between the
independent and dependent variables.

The second assumption is correct specificatioh®finndependent variables in the
regression model (Cohen, Cohen, West & Aiken, 2003he theory being tested is
valid, correct specification implies that all vdies identified by the theory are included
in the model and properly measured (Cohen, Cohest\& Aiken, 2003). Based upon
the information presented in Chapter two, it issceeable to infer that the specification
between the dependemtverage classroom mathematics achievejremd independent
(teacher quality composit@ariables was correct. However, if important vaeahkare
excluded, or extraneous variables are includetereguation, the interpretability can be
affected. For this regression equation, this coudén that the true effect of teacher
guality may not be accurately portrayed, since rotin@ortant variables such as student
or school characteristics that also impact studehtevement were not included in the
model.

The third assumption is perfect reliability, ormeasurement error in the

independent variables (Cohen, Cohen, West & AiR€03). This is particularly

“1 The assumptions for simple regression and multgreession are similar. For this reason, the
assumptions were reported here for multiple regzasand was not repeated in the next researchiquoest
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important when there is only one independent végjabhich is the case for this research
guestion. Finally, the fourth assumption is contstariance of residuals or

homoscedasticity (Cohen, Cohen, West & Aiken, 2003)

Research Question Four

As was previously mentioned, the final researclstjoe asked: how does socio-
economic status moderate the effect of teachertgual mathematics achievement
within each country of the sample and how do tledfeets vary across countries? This
section of the chapter describes the data, whidseguent sections discuss the method of
analysis and interpretation of the results. Tiseiagptions of multiple regression are not

repeated, since they were described in researdtiguehree.

Data for Research Question Four

The variables that were used in this research iquestere: the unweighted
teacher quality factor score, mean classroom paredtication, interaction term (e.g. the
product of the unweighted teacher quality fact@mre@nd mean classroom education),
and the average classroom mathematics achiever8entlar to the previous research

guestions, the unit of analysis for this reseangdstjon was the teacher.

Data Analysis for Research Question Four

Multiple regression analysis was used to answerghestion, since it is a
technique that is employed to compute the percertégariance in a dependent variable
explained by independent variables, and thus @béishes their relative predictive
importance (Cohen, Cohen, West & Aiken, 2003; Pedha 997; Green & Salkind,

2004). In addition, multiple regression can bé&zadd to assess an interaction effect

101



(Pedhazur, 1997, Holmbeck, 1997). For this sttitly nteraction effect was the product
of theteacher quality composi@ndmean classroom parental educatievhich was
utilized to determine whether the teacher qualég b different effect upoaverage
classroom mathematic achievembased upon the classroom’s socio-economic status.
It is important to examine interaction terms, sittegy help to conceptualize and
explain the influence of the independent varialsléhee dependent variable. Interaction
terms are typically introduced when there is arxpeetedly weak or inconsistent
relation between the independent and dependerablariHolmbeck, 1997). In this
study, it was not clear if teacher quality had @agger impact upon the classroom
mathematics achievement of those classrooms wgtiehior lower educated parents. A

depiction of the interaction within the regressmadel is shown in Figure 4 below.

Figure 4. Representation of Regression Equation for Resear ch Question Four

Teacher Quality
Composite
(Independent variable)

Average Classroom
Mathematics
Mean Classroom Achievement

Parental Education (Dependent Variable)
(Independent variable) /

Teacher Quality
CompositeX Mean
Classroom Parental
Education
(Interaction term)
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To test for an interaction effect, two regressiqoations were estimated in AM
software, so that the analysis employed the pojpul@nd design weights. As shown in
Figure 4, the first equation had the unweigtiesther quality composfteandmean
classroom parental educatias the variables predictiyerage classroom mathematics
achievement The second equation included the unweigkeadher quality composite
mean classroom parental educati@md the interaction term of these variables éaliot
average classroom mathematics achievem@mtinteraction term was added to
incorporate the joint effect of these two varialdeshe dependent variable. The
interaction term was developed in SPSS using thepghite Function.

To determine if the interaction effect was sigrafit, the F-values of the two
regression equations were examined. If there vgagraficant difference in the F-values
of these two equations, an interaction effect wasgnt. Similar to previous questions,
this analysis was conducted based upon data treaaggregated for all countries in the
sample and separately for each country. The asdigfped determine if there was a

consistent interaction effect across countries.

Data Collection, Preparation, Handling and Human $ject
Consideration

This study used TIMSS 2003 data that was colleljetthe IEA through the
International Study Center at Boston College. Thternational Study Center was
responsible for ensuring the quality of the datiéection in each country. To do this, it
worked closely with National Research Coordinatatso had the ultimate responsibility

for following internationally specification regandj data collection, preparation and

2 The unweighted teacher quality factor score tha @omputed in research question two was utilived s
that AM software would properly account for the plgtion and design weights of all of the variables
the equation.
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handling. TIMSS 2003 relied upon a series of tmraglkorms to implement and record
the sampling of classes, teachers, and studerdsurécy of these forms was essential to
link teachers and students. In addition, the fopnowided information for the
computation of sampling weights and for verifyilg tsampling procedures.

In each school a School Coordinator was responfibl@dministering the
TIMSS 2003 assessment. The National Research @atwdwas responsible for
ensuring that the School Coordinators were famulidgin their duties. In addition, the
National Research Coordinator was expected to kestabnational quality control
program according to international guidelines, vgtlality control monitors visiting a 10
percent sample of TIMSS schools to observe thengesessions and check compliance
of the test administration with prescribed procegur

The International Study Center and National Re$e@aordinators ensured that
the data was collected in a manner which did netctly or indirectly identify the
subjects. To do this the data was collected bigaisg) unique school, classroom,
teacher, and student identification numbers. Wais essential to maintain the
anonymity of the participants and to be able tk teachers and students.

During the period immediately following the adminggion of the TIMSS 2003
assessment, the National Research Coordinatogvettiand collated the materials from
schools. The data from the achievement tests ackijpound questionnaires was then
entered into computer files. Files were checketi software provided by the
International Study Center. This process ensuratdil the appropriate materials were
received from every student and teacher listechertacking Forms and was

appropriately linked. This data was then imported sampling software (W3S). When
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data files passed the quality control checks, these sent to IEA Data Processing Center
in Hamburg for further checking and processinge TBA Data Processing Center used
standard cleaning rules to verify the accuracy@amsistency of the data and for
documenting electronically any deviation from th&ernational file structure (Mullis et

al, 2003). Queries were sent to national centedsnaodifications were made as
necessary. This process of editing the data, ahgctke reports and implementing
corrections was repeated as many times as wassaegesitil all data were consistent
and comparable within and between countries.

To prepare for the creation of international dasah#he IEA Data Processing
Center provided item statistics to national redeaenters with international univariate
statistics. This procedure was done so that nalticenters could examine their data from
an international perspective. This was helpfuddaect any outliers across countries. In
these cases, the corresponding variable was egbeded or removed from the
international database.

Once the data was verified in the international fdrmat, the sampling weights
were calculated by Statistics Canada. Finallyfitae were sent to the IEA where IRT
scaling was conducted for each student mathematitscience score. All of these steps

ensured that the TIMSS 2003 data was comparabdsscountries and of high quality.

Conclusion

This chapter presented a description of the threthods of analysis that were
used in this study. Samples, data sources, institsnand research questions were
reviewed. The presentation of the analysis, resuit findings are presented in the next

chapter.
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Chapter Four
Data Analysis

For decades policymakers have advocated teachktycasathe means to increase
student achievement, since teachers are criticapooents in the learning process. For
this reason, there is a great interest in detethiaglegree to which teacher quality affects
student performance in the United States and athantries. Recent studies in the United
States reveal that low income and minority studeagsvell as students in urban schools,
are disproportionately placed with less experierteadhers (Loeb, 2001; Goe, 2002),
which is one indicator of teacher quality. Howewae distribution of teacher quality in
relation to students’ socio-economic status has kaglied less extensively in other
countries, so the literature has not been cleathenaimilar allocation concerns exist in
them. The purpose of this study was to examineatchnal equity in a sample of
TIMSS 2003 countries by analyzing: the level ottesxr quality, its association with
students’ socio-economic status, and its impachupathematics achievement, including
the interaction betweeracher quality composi@ndmean classroom parental
education

The previous chapter described the relevant TIM@® Zariables that were used
to represent the teacher characteristics (i.egrexpce, teaching preparation, and subject-
matter preparation) that comprise the measuresagher quality. Chapter three also
discussed how the measure of teacher quality tte teacher quality composite score)
would be used in each of the four research questiorassess whether teacher quality
had similar effects upon student achievement aaogstries, including its interaction

with students’ socio-economic status, and whethemrtwere differences in the level of
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teacher quality across countries, and how it was@ated with students’ socio-economic
status. All of these aspects have not been exahtip@revious cross-national studies.
This chapter presents the results of the data sisadynd is organized into six
sections. Data management procedures are presentegfirst section. Sections two,
three, four, and five present the description$hefdata analysis, how the assumptions
were met and the results in the order the fourarebequestions were asked in the study:

1. How does teacher quality, as defined in this siudy a composite of experience,
teaching preparation, and subject-matter prepanaviary within and across the
sample of countries? In other words, what is éivelland variance of teacher
quality within each country in the sample? How lleske levels and variances
differ across countries in the sample?

2. In each country in the sample, to what extentasher quality (as defined above)
associated with students’ socio-economic statusg¢ored by parental level of
education)? How do these associations vary acmssries?

3. How does teacher quality predict math achievenreefich country in the
sample? How do these relationships vary acrossties?

4. How does students’ socio-economic status meeléna effect of teacher quality
on mathematics achievement in each country ofdhg? In other words, does
teacher quality impact achievement differently, eleging on students’ socio-
economic status? In addition, how do these effeaty across countries?

The final section concludes the chapter.
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Data Management Procedures

The first data management issue that was addressedecoding. Recoding was
needed because TIMSS 2003 items were coded intemidys With some of the
variables the highest number was assigned to thesldevel of rating. For example, the
highest level of parental education was coded thighsmallest number by TIMSS 2003,
rather than the largest one. Conversely, in othgables the lowest level of rating was
given the highest number, which was the case Wwihé¢adiness variables. Since the
coding used by TIMSS 2003 did not consistentlyhigger numbers to represent higher
levels, this made it difficult to interpret the i\ables in the same manner. Therefore, the
variables were recoded to obtain uniform directiothe data and its interpretation.
Table 3 describes the TIMSS items, the names ofdhables, how TIMSS 2003 coded

each variable, and how each variable was recoddtiifostudy.

Table3

Initial Coding and Recoding of TIMSS 2003 Items

Description of Item Name How TIMSS Coded How it Was Recoded
TIMSS ltem(s)

Degree in btbmpsma 1=vyes 1=no

mathematics or btbmpsem 2=no 2=yes

mathematics 9 = omitted 9= missing data
education

Level of formal btbgfedc 1= did not finish 9 = missing data
education ISCED 3

2= finished ISCED 3
3= finished ISCED
4B

4= finished ISCED
5B

5= finished ISCED
5A- first degree

6= finished ISCED
5A, second degree
9= omitted
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Number of years  Btbgtaut 1-55 No recoding
taught

Type of Btbgtelc 1= full certification =~ 1= emergency
certification 2= provisional certification

certification 2= provisional
3= emergency certification
certification 3= full certification
4= other 4= missing data
6= non-applicable 6= missing data
9= omitted 9= missing data
Readiness to teach btbmre01- 1= very ready 1= not ready
mathematics btbmrel8 2=ready 2= ready
content 3= not ready 3= very ready
9= omitted 9= missing data
Participation in btbgpdct 1=vyes 1=no
professional btbmpdmt 2=no 2=yes
development btbmpdm 9= omitted 9= missing data
btbmpdm
btbmpdmc
btbmpdit
Highest level of Bsdgedup 1= finished university 1= no more than

parental education or higher primary
2= finished post- 2= finished lower
secondary secondary
vocational/technical 3= finished upper
3= finished upper secondary
secondary 4= finished post-
4= finished lower secondary
secondary vocational/technical
5= no more than 5= finished university
primary or higher
9= omitted 9= missing data

(TIMSS 2003)

As Table 3 indicated, twenty-nine variables wemded in SPSS using the Transform
Function. The recoded variables were saved infdasafor each country, as well as in a

combined file with data with all fifteen countries.
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The second issue was aggregation of data. Whehikh8S 2003 surveys of
teachers, students, and schools were combinetkgdbker variables were repeated for
each of their students. In other words, when sitgd&ere the unit of analysis, the
corresponding teacher variables were repeatednasd they were not independent
observations. A decision was made to aggregatéIM8S data to the teacher level in
each file. This was needed to not violate thepedelence of observation assumption to
conduct factor analysis. It was also decided tmtasn consistency in the aggregation of
data across research questions. This meant thasihot possible to analyze the data at
the student level for any of the research questi@ech country had 137 to 377 teachers,
which is shown in Table 4. Countries are arrangetkscending order in Table 4 based

on the number of teachers in the sanfple.

Table4

Number of Teachers and Students for All Countriesthe Sample

Country Number of Students Number of Teachers
All Countries in sample 79,521 2925
United States 8,912 377
Sweden 4,537 285
New Zealand 3, 825 259
Australia 5, 097 246
Chile 7, 055 215
Slovakia 4,215 179
Serbia 4,324 171
Ghana 5, 253 153
Malaysia 5,314 150
Romania 4,104 150
Botswana 5, 150 146
Palestine 5, 357 145
Hong Kong 4,972 144
Jordan 4, 489 140
Philippines 6, 917 137

“3 Countries were selected based upon the followiitgria: adherence to TIMSS 2003 sampling
guidelines, data available for all variables witmimal missing data, and having a positive definite
correlation matrix.
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The third data management issue was missing omiplaie data, which is often
an issue in social science research. It is oftercase that respondents may leave
particular items blank when completing a survehisimay be due to fatigue, sensitivity
of the information, or other factors. This left meedecide whether to leave cases with
missing data out of analysis when data for on&éeftiventy-nine TIMSS 2003 variables
were missing or if these values should be replagddan imputed value. The problem
with deleting missing data is not so much an isfueduced sample size, but the
possibility that the remaining data may be différ@md so deleting the cases could
seriously bias the conclusions of the study (Byg§)1; Garson, 2007; Little & Rubin,
1987). The rationale for imputing data is thatiSi best guess attempt to present what
choices respondents were likely to have made, dgivein responses on other items,
which reduces the bias created by non-random ngissilues” (Garson, 2006, p.1; Little
& Rubin, 1987). For this reason, a decision waderta impute the missing data.

SPSS supports five estimation methods: replacenfenissing values with (1)
series mean, (2) mean of nearby points, (3) meafimearby points, (4) linear
interpolation between the adjacent valid valuesraland below the missing one, or (5)
substitution of the linear trend value for thatrgoi This study utilized linear
interpolation in SPSS. Linear interpolation uséldex adjacent values, or linear
regression trend values, to impute values to ngssata, which is preferred over other
estimation methods offered in SPSS that utilizem@anedian substitution. Mean or
median substitution methods underestimate thenegiéGarson, 2006). This suggests
that the results of regression analysis are imgasiace mean and median substitution

methods lessen the reliability of the estimatethefrelative importance of independent
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variables. Because of these noted limitationgalinnterpolation was selected for this
study. Table 5 depicts the number of missing amstiag data for each variable in the
aggregated data file (N= 2925), before linear péation was conducted.

Table5
Number of Available and Missing Data for All Countries Aggregated for each TIM SS 2003 Variables

Description of TIMSS Item(s) Item Name N Missing
Degree in mathematics btbmpsma 2733 192
Level of formal education btbgfedc 2762 163
Number of years taught btbgtaut 2719 206
Type of certification btbgtelc 2443 482
Readiness to teach mathematics content btbmreO1 2699 226
btbmre02 2689 236
btbmre03 2684 241
btbmre04 2686 239
btbmre05 2682 243
btbmre06 2679 246
btbmre07 2694 231
btbmre08 2689 236
btbmre09 2685 240
btbmrel0 2665 260
btbmrell 2691 234
btbmrel2 2688 237
btbmrel3 2685 240
btbmrel4 2676 249
btbmrel5 2677 248
btbmrel6 2677 248
btbmrel7 2683 242
btbmrel8 2681 244
Participation in professional developmen btbgpdct 2770 244
btbmpdmt 2760 165
btbmpdm 2753 172
btbmpdm 2763 162
btbmpdmc 2761 164
btbmpdit 2764 161
Mean classroom parental education bsdgedup 2901 24

Note: Measured at the classroom level.
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As Table 5 depicts, most of the variables had sirmbumbers of missing data.
The variable with the least amount of missing @&taean classroom parental education
which had less than 5% of missing data. The tygeaxhing certification had the most
missing data. This was due to the re-coding ovr&ble, since cases were coded as
missing if the respondent entered Non-applicabl@tber, because these options did not
fit into full, provisional, or emergency certificah. As a result, 19% of the data was
missing for this variable. It was not clear why T3& 2003 offered options such as Non-
applicable or Other. However, there was no evidéasuggest that TIMSS 2003
countries did not have certification requirements.

As previously noted, linear imputation was conddcaia each aggregated data
file (i.e., teacher level), specifically the daila £ontaining all countries in the sample
and those for each individual country. Descripstatistics on the aggregated files
showed no significant differences between the irgpaind non-imputed files. Because
of this and the previously noted advantages, thputed files were utilized for the data
analysis.

The fourth data management issue related to th@lesxrmsampling design of
TIMSS 2003. As previously mentioned, each coutitay was analyzed developed a
representative national sample. Samples were a@selduring a two-stage sampling
design. At the first stage each country selectéelaat 150 schools using probability-
proportional-to-size sampling (Martin, 2008) Countries could incorporate in their
sampling design important reporting variables (ectpool type or urban) as stratification

variables. At the second stage, one or two cla@sesclassroom if participating if'8

“4 With prior approval, countries were allowed to gickhe sampling design to local circumstances (Mart
2005).
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grade assessment and two classrooms if participatinoth 4 and &' grade
assessments) were randomly sampled in each schb@.meant that students from
various categories were over sampled to ensureiguff sample size for within group
analysis and to achieve nationally representativeéesnt samples. Because of this, it was
necessary to employ population and design weiglats ihatwght [mathematics teacher
weight], jkzone [stratum], jkrep [clusterQuring data analysis (Martin, 2005). This was
done to avoid bias in the estimated analysis (Brp$@98) and to obtain nationally
representative coefficient estimates from stratiBervey data. This was also done to
properly account for the sample design, take ictmant any stratification or
disproportional sampling of subgroups, and incladgistments for non-responders
(Martin, 2005). This meant that the various subgsothat constitute the sample were
properly and proportionally represented in the cotapon of each country’s sample.

Unfortunately, SPSS does not account for desigrpapdlation weights during
data analysi§® which is needed when utilizing data from TIMSS 2@@cause of the
complex sampling design. For this reason, AM safer(Cohen, 2002), a statistical
package created specifically for use with the N&ticCenter for Education Statistics’
(NCES) data set®,was used to employ the design and population idjiring data
analysis. However, AM software does not offeradilihe analytic techniques that were
needed for this study. Thus, it was necessartilieeuSPSS and AM software in

combination for some of the research questionsderao appropriately analyze the data

5 SPSS 15 Complex Sampling Module accounts for sampleights, but does not contain some of the
data analysis procedures that are needed forttldg,sspecifically correlation and factor analysis.

6 Examples of NCES databases include: PISA, TIMSSER, and ECLS. Information about AM
software is available dtp://am.air.org/
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for this study. Table 6 depicts the data analysitiique, software package(s) and

weight utilized to answer each research question.

Table 6

Data Analysis, Weights and Software for each Resta@Question

Question Data Analysis Software Weight LeveAohlysis

One Factor Analysis AM & SPSS Mamcher Teacher
(matwght)

Two Correlation AM & SPSS Math Tkat Teacher
matwght)

Three Linear Regression AM Math Teacher Teacher
(matwght)

Four Multiple Regression AM Math Teacher Teacher
(matwght)

Three data analysis techniques were employed bysthdy, which are discussed
in more detail in the subsequent sections of thégpter and are presented in order of each
research question. It is important to note thatséme weights and level of analysis were

used in each research question to permit consistarthe analysis.

Research Question One

Question and Rationale

The first research question in this study asked Hoes teacher quality, as defined in
this study, vary within the sample of countriesj &ilww do the level and variance of
teacher quality differ across countries in the dafprhis question was asked because
research in the United States and other countaeddund that teacher characteristics
such as experience, teaching preparation, andctubpgter preparation are important for
student achievement. However, this research lchediea systematic

assessment of the level and variance of teachditygwéhin and across countries.
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Explanation of Method to Answer Research Question&®

To answer this question, a common measure of tegciadity across countries was
needed. Factor analysis was used to develop #stemismeasure of teacher quality
across countries, which in this analysis weecher quality composit€or this study a
large number of observed variables from TIMSS 20@3 29 variables related to teacher
characteristics of experience, teaching preparatind subject-matter preparation) were
used to represent teacher quality.

Factor analysis was selected because it is a gpohtinat permitted the reduction of a
large number of overlapping measured variablessimaler set of factors (Kim &
Mueller, 1978; Green & Salkind, 2004), which instlsase was one. Moreover, “if the
measures reflect different dimensions of a broadaceptual system, factor analyses can
yield factors that represent these dimensionsteniaonstructs” (Green & Salkind,
2004, p. 312), which in this case was a measuteacher quality. It should be
understood that in this study factor analysis watsused to explore the underlying
dimensions of the data (Kim & Mueller, 1978). Tdare different methods of extracting
the factors from a set of data. The method usetiibystudy was principal component
analysis, since this was the default option in SF$® next section discusses the
assumptions of factor analysis, including how teguanptions were tested and any
violations to them, since this discussion merelyvpted an overview of the statistical

aspects of factor analysis.

Assumptions of Factor Analysis

Two assumptions underlie factor analysis (Greera&ki8d, 2004; Kim & Mueller,

1978). The first assumption is that the measuredbias are linearly related (Green &
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Salkind, 2004). This is of particular importanckem the items analyzed have very
limited response scales (e.g. dichotomous varigldesce this could violate this
assumption and lead to the identification of spusitactors (Green & Salkind, 2004). In
this study, there were eight dichotomous variafiles mathematics major, mathematics
education major, and six items related to partiogmain professional development). The
remaining 21 variables (i.e. level of educatiorargeof teaching experience, type of
certification, and eighteen items related to reasrto teach mathematics content) had
more response options, but all of the variablesewet continuous. Thus, the available
data did not meet this requirement and so thisnaggan was violated.

The second assumption is factorial causation, wimehns that observed variables
are linear combinations of some underlying cauaahbles (Kim & Mueller, 1978).
Factor analysis cannot create valid dimensionddfa) if none exists in the data If this
assumption is not met, the generated factors d@reamoprehensible. This assumption is
met on the basis of other substantive knowledgetabe data (Kim & Mueller, 1978).

In the case of teacher quality, it is not clear thbethis variable is latent or emergent. In
other words, some may consider that teacher qualayresult of experience, subject-
matter preparation, teaching preparation, anduajait If this is correct, then teacher
quality would be better represented as an emexgeiable, rather than causal. For this
reason, it is not clear whether this assumptionongtolated. Because of these noted

concerns, caution should be used in interpretiegethcher quality composite.

Variables for Data Analysis and Descriptive Staitst of the Variables

As previously noted, the TIMSS 2003 variables thete used to develop the

teacher quality compositgere selected on the basis of the findings ofitemture
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review. The variables were chosen because they therbest ones available from
TIMSS 2003 to depict the characteristics of teaglureparation, subject-matter
preparation, and experience. However, TIMSS 208 ax no variables which reflected
teachers’ aptitude. Because of this limitatioth@ data, my measure of teacher quality
lacks an important characteristic, which the litera review indicated was strongly
associated with student achievement (King-Rice3200ayne & Youngs, 2003).
Frequencies of the TIMSS 2003 variables utilizethia study were calculated to
determine the percentage of teachers in each gotlnatr possessed each of these

variables displayed in Tables 7 and 8
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Table7

Percentage of Teachers in each Country and All Cories in the Sample Containing each TIMSS 2003 Valoie;
Standard Deviation is noted in parenthesis for naliichotomous variables

TIMSS 2003 Variable All Countries Australia Botmwa Chile Ghana Hong Kong Jordan Malaysia
Three or more years of experience 88.0 89.1 76.9 96.6 69.8 87.2 86.3 85.8
11.08) (9.67) (4.76) (20.70) (8.24) (7.32) 8. (8.32)
Full certification 94.7 94.7 100.0 97.2 87.782.7 100.0 100.0
(0.91) (0.67) (0.50) (0.34) (0.84) (0.71) 6® (1.30)
Mathematics major 61.9 54.6 77.3 54.9 57.4 3.96 71.0 45.6
Mathematics education major 46.1 53.1 51.5 37.8 52.0 56.6 28.8 48.3
Level of education 76.4 92.0 8.9 95.6 7.1 584, 78.3 53.7
(college or higher) (0.25) (0.23) (.00) (0.33) (0.27) (0.33) (0.38) (0.0)
Very ready to teach decimals 82.7 88.4 74.6 678. 71.4 69.0 69.1 81.8
(0.40) (0.32) (0.50) (0.41) (0.43) (0.49) 4@ (0.39)
Very ready to teach integers 86.6 90.2 80.5 9 85. 84.8 69.7 71.9 84.5
(0.37) (0.30) (0.45) (0.37) (0.32) (0.39) 4@ (0.36)
Very ready to teach 70.5 82.6 67.8 55.0 59.8%8.9 50.4 64.5
Algebra patterns (0.50) (0.38) (0.51) (0.58) 0.52) (0.54) (0.51) (0.48)
Very ready to teach 80.9 80.5 72.6 61.1 87.876.1 72.5 75.0
Algebra equations (0.44) (0.43) (0.49) (0.59) (0.28) (0.33) (0.43) (0.47)
Very ready to teach 74.5 81.8 61.2 58.3 67.%8.6 78.1 53.4
Algebra equivalences (0.49) (0.42) (0.59) ®.55 (0.34) (0.49) (0.51) (0.57)
Very ready to teach 67.2 77.3 52.1 48.5 53.8%5.3 55.4 37.8
algebra attributes (0.56) (0.46) (0.67) (0.64) (0.52) (0.63) (0.53) (0.65)
Very ready to teach- 74.6 89.0 74.6 60.0 62.167.6 55.1 66.9
Measurement (0.48) (0.31) (0.46) (0.52) (0.5@9.57) (0.49) (0.47)
Very ready to teach 71.0 87.2 65.0 59.6 41.766.9 55.8 46.3
computation (0.52) (0.37) (0.54) (0.52) (0.54(0.65) (0.47) (0.59)
Very ready to teach 62.7 80.5 47.5 46.6 28.54.86 53.6 39.2
Estimation methods (0.60) (0.49) (0.68) (0.63) (0.57) (0.69) (0.50) (0.64)
Very ready to teach 63.8 82.7 47.0 48.8 40.97.75 55.5 50.3
Estimation precision (0.57) (0.44) (0.72) (9.61 (0.48) (0.58) (0.53) (0.63)

119



Very ready to teach-
Pythagorean Theorem
Very ready to teach
Congruent figures
Very ready to teach
Cartesian plane
Very ready to teach
Geometry translation
Very ready to teach
Sources of error
Very ready to teach
Data collection

Very ready to teach
Data characteristics
Very ready to teach
Simple probability
Participation in PD-
Critical thinking
Participation in PD-
Mathematics content
Participation in PD-
Mathematics pedagogy
Participation in PD-

Mathematics assessment

Participation in PD

Mathematics curriculum

Participation in PD-

84.5
(0.43)
80.4
(0.45)
72.7
(0.52)
58.6
(0.62)
44.5
(0.66)
53.5
(0.63)
63.4
(0.58)
58.8
(0.63)
64.5

58.2
58.3
43.2
42.8

52.4

Mathematics instructional technology

88.4
(0.34)
83.6
(0.39)
84.0
(0.43)
79.6
(0.47)
735
(0.54)
84.5
(0.41)
85.4
(0.37)
78.8
(0.47)
65.2

57.4
71.8
70.9
55.5

55.2

82.1
(0.49)
69.2
(0.54)
61.9
(0.58)
67.8
(0.56)
28.7
(0.67)
40.5
(0.65)
67.8
(0.49)
525
(0.71)
40.0

23.0
17.1
16.5
49.6

38.0

71.1
(0.50)
73.0
(0.45)
52.7
(0.57)
27.4
(0.68
32.3
(0.68)
50.2)
(0.57
57.1
®.56
34.2
(0.66)
76.6

73.2
45.6
49.0
52.6

50.7

68.286.6
(0.19) (0.55)
81.76.87
(0.34) (0.46)
62.88.36
39D (0.60)
76.21.15
(0.63) (0.56)
49.28.94
0.67) (0.65)
60.663.9
7@. 0.60)
82.61.06
(0.48) (0.43)
727176
(0.49) (0.56)
151. 60.8

41.064.1
40.662.0
17.977.5
50.7 6.94

55.040.1

82.7
(0.34)
76.1
(0.42)
75.5
(0.47)
43.2
(0.58)
225
(0.55)
275
(0.53)
56.1
(0.54)
56.8
(0.55)
46.4

65.2
43.9
31.9
56.5

46.4

87.2
(0.33)
80.5
(0.42)
67.1
(0.52)
65.8
(0.54)
28.9
(0.68)
42.3
(0.63)
49.7
(0.61)
28.2
(0.70)
67.1

63.1
64.9
48.0
70.5

28.2
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Table 8

Percentage of Teachers in each Country and All Cories in the Sample Containing each TIMSS 2003 Valie

TIMSS 2003 Variable New Zealand Palestine Ppitips Romania Serbia Slovakia Sweden us
Three or more years of experience 90.3 84.1 87.0 97.1 92.1 92.1 84.1 89.8
(9.85) (8.24) (8.48) (11.51) (11.97) (12.24) (12.51) (10.23)
Full certification 87.7 92.2 100.0 100.0 90.493.1 100.0 95.3
(0.72) (0.84) (0.28) (0.49) (0.51) (0.53) .89 (0.49)
Mathematics major 52.9 53.0 62.4 97.6 95.7 363. 57.5 46.0
Mathematics education major 24.1 39.0 53.0 23.2 59.7 57.3 52.8 53.6
Level of education 83.1 81.9 100 75.3 29.0 998. 91.9 100.0
College or higher (0.33) (0.27) (0.00) (0.00) (0.40) (0.25) (0.00) (0.27)
Very ready to teach 90.4 75.9 80.5 92.4 76.93.78 84.2 95.1
Decimals (0.31) (0.43) (0.40) (0.27) (0.62) .30 (0.38) (0.22)
Very ready to teach 92.1 88.2 86.9 94.8 80.37.88 86.8 95.1
Integers (0.32) (0.32) (0.34) (0.22) (0.61) .38) (0.35) (0.22)
Very ready to teach 87.4 53.3 47.6 80.7 63.94.88 68.1 88.6
Algebra pattern (0.35) (0.52) (0.56) (0.46) .6@ (0.36) (0.52) (0.33)
Very ready to teach 87.0 91.2 71.5 97.7 81.60.19 71.5 90.7
Algebra equations (0.41) (0.28) (0.45) (0.15) (0.62) (0.30) (0.50) (0.30)
Very ready to teach 86.2 86.8 62.1 95.9 77.06.57 64.0 88.5
Algebra equivalences (0.38) (0.34) (0.49) ®.20 (0.63) (0.44) (0.55) (0.35)
Very ready to teach 86.5 63.5 50.8 95.2 77.04.77 60.7 82.7
Algebra attributes (0.37) (0.52) (0.53) (0.22) (0.66) (0.48) (0.61) (0.43)
Very ready to teach 91.2 65.0 34.1 81.3 64.84.7 85.3 87.7
Measurement Estimation (0.30) (0.50) (0.59) 410. (0.64) (0.38) (0.38) (0.34)
Very ready to teach 90.4 58.1 30.3 81.9 66.27.67 84.9 88.5
Computation (0.35) (0.54) (0.59) (0.43) (0.65)0.45) (0.37) (0.32)
Very ready to teach 86.2 57.4 13.2 68.0 60.54.37 80.5 74.1
Estimation (0.42) (0.57) (0.60) (0.54) (0.63]0.47) (0.46) (0.52)
Very ready to teach 87.9 70.4 22.7 73.1 60.38.55 69.6 76.7
Estimation precision (0.38) (0.48) (0.57) (9.49 (0.63) (0.57) (0.51) (0.49)
Very ready to teach 91.6 96.4 59.8 98.2 80.42.49 79.7 90.1
Pythagorean Theorem (0.38) (0.19) (0.63) (0.13) (0.64) (0.27) (0.49) (0.38)
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Very ready to teach
Congruent Figures
Very ready to teach
Cartesian plane
Very ready to teach
Geometry

Very ready to teach
Sources of error
Very ready to teach
Data collection
Very ready to teach
data characteristics
Very ready to teach
Probability
Participation in PD
Critical thinking
Participation in PD

Mathematics content

Participation in PD

Mathematics pedagogy

Participation in PD

Mathematics assessment

Participation in PD

Mathematics curriculum

Participation in PD

85.4
(0.43)
83.7
(0.44)
86.2
(0.41)
77.8
(0.46)
80.3
(0.42)
88.3
(0.40)
85.4
(0.40)
745

52.1
72.4
46.5
50.6

75.4

Mathematics instructional technology

86.9
(0.34)
84.6
(0.39)
48.5

(0.63)
29.6
(0.67)
39.4

(0.69)
77.4
(0.48)
72.1
(0.49)
85.2

78.7
77.9
32.6
58.5

64.5

53.3
(0.64)
61.0
(0.57)
9.0

(0.56)
19.5
(0.64)
21.3

(0.64)
40.3
(0.65)
17.1
(0.62)
82.2

69.2
75.4
47.0
67.7

61.7

97.7
(0.15)
91.8
(0.27)
47.9
(0.58)
40.9
(0.65)
57.3
(0.61)
42.9
.69
66.1
(0.50)
68.4

65.1
64.5
30.8
52.0

75.0

77.680.7
(0.64) (0.41)
74.39.85
63D (0.54)
66.7 .558
(0.62) .58)
31.34.12
0.64) (0.56)
34.06.92
66 (0.59)
38.52.92
(0.67) (0.49)
34.72.23
(0.690.53)
65.4 8.04

45.6 8.83
58.8 0.44
31.3 4.13
41.5 0.73

43.4 1.83

75.1
(0.48)
64.1
(0.58)
47.8
(0.66)
39.4
(0.66)
48.1
(0.60)
51.1
(0.61)
56.1
(0.62)
45.5

47.8
33.2
9.9

29.8

27.9

90.1
(0.35)
82.7
(0.47)
72.8
(0.53)
63.9
(0.56)
755
(0.45)
90.4
(0.31)
84.0
(0.39)
82.1

74.8
82.9
74.4
76.0

72.6
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As Tables 7 and 8 show, the large differences batweuntries were related to
the readiness to teach mathematics variables rréthie to the years of teaching
experience, level of education, possessing a éutlfcation or degree in mathematics, or
participation in professional development. Forreghe, across most countries in the
sample similar percentages of teachers had a degneathematics, which ranged from
45.6% to 77%. The United States (46.0%) and M&ay.6%) were the countries with
the lowest percentages. Romania and Serbia haérmpgrcentages than most countries,
since their respective percentages were 97.6 arfd 9% contrast, there was greater
variation across countries with the reporting aficteers’ readiness to teach mathematics.
It should be understood that the readiness vasakéze the teachers’ self-assessment of
how prepared they considered themselves to be@bdach mathematics content, which
is not an objective measure of mathematics knovdedgachers across countries were
less confident with more complex mathematical caintee. data sources of error,
geometry-translation, data collection, probabilityhile higher percentages of teachers
reported being very ready to teach less complexenaatical content, such as decimals
and integers. However, in countries such as Alistfdew Zealand, Romania, and the
United States nearly all of their teachers repobteidg very ready to teach all
mathematical content. In contrast, most teacmetisa Philippines reported not being
very ready to teach mathematical content in nedtlgreas, which is a concern since an
understanding of mathematic principles is needdsktable to teach it.

Most teachers in each country had a full teachergfcation, taught for more
than three years and completed college or higHemvever, across countries some

differences were present. For example, the Afraxamtries (i.e. Botswana and Ghana)
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contained very few teachers who completed a coltisggee or higher (i.e. 8.9% and
7.1%, respectively) in comparison to the otherscdise the typical measures of
teachers’ mathematics knowledge (e.g. teachingfication and mathematics degree)
had little variation across countries, the readingsiables seem to be the underlying
measure of teachers’ subject-matter knowledge.alB®xa self-assessment is not an
objective measure of mathematics knowledge (HwRn & Ball, 2005; Hill, 2007),

this limited the measurement of this characteristic

Findings from Research Question One

Factor loadings.

The factor loadings can be interpreted as the latiwa coefficients between the
TIMSS 2003 variables and the teacher quality faclidre squared factor loading is the
percent of variance in each variable explainechieyfactor (Garson, 2006). To calculate
the percentage of variance in all the variablesaicted by each factor, one sums the
squared factor loadings and divides by the numbeaiables. In this study, the TIMSS
2003 variables accounted for 34.68% of the variamt¢ke factor. The factor loadings of

the TIMSS 2003 variables utilized in this study presented in Table 9 below.
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Table9
Factor Loadings of TIMSS 2003 Variables for All Catries in the Sample

TIMSS 2003 Variable Teacher Characteristic Factor
Loading"’

Years experience Experience 14
Full certification Teaching Preparation 34
Mathematics major Subject-matter Preparation 12 .
Mathematics education major Subject-matter Prejoara .18
Level of education Teaching Preparation 800
Very ready to teach numbers-decimals Subject-mBiteparation 64
Very ready to teach numbers-integers Subject-mBiteparation 67
Very ready to teach algebra-pattern Subject-m&tteparation 75
Very ready to teach algebra-equations Subject-mBAteparation 72
Very ready to teach algebra-equivalent Subjecten#&tteparation a7
representations

Very ready to teach algebra- attributes Subjectan&reparation 74
Very ready to teach measurement- Subject-mattpaPation 74
estimation

Very ready to teach- computation Subject-mattepRration 74
Very ready to teach- estimation measures  Subjettenareparation .76
Very ready to teach estimation- precision  Subjeatten Preparation .73
Very ready to teach geometry- Subject-matter Regjmm .69
Pythagorean Theorem

Very ready to teach geometry- congruent  Subjecten&reparation 73
figures

Very ready to teach geometry- Subject-matter Redjman .70
Cartesian plane

Very ready to teach geometry- translation  Subjeatten Preparation 74
Very ready to teach data- sources of error  Subjextter Preparation 72
Very ready to teach data collection Subject-ma&teparation .69
Very ready to teach data characteristics SubjettemBreparation 72
Very ready to teach data- simple probability Subjeatter Preparation .76
Participation in professional development- TeacHingparation .24
critical thinking

Participation in professional development- Teactingparation .26
mathematics content

Participation in professional development- Teactingparation .29
mathematics pedagogy

Participation in professional development- Teactingparation 31
mathematics assessment

Participation in professional development- TeacHingparation .20
mathematics curriculum

Participation in professional development- TéagHhPreparation 32

mathematics instructional technology

4" Factor loadings of .3 or higher are bolded in Tablelhere are differing criteria regarding what high
loadings. Some consider .7 or greater an indinatiat the variable represents the factor, whites
have suggested that lower values such as .4 @re2&ppropriate (Garson, 2006; Raubenheim, 2004).

“8 The actual value was .001.
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Table 9 indicates that most of the variables wighHactor loadings were
readiness to teach mathematics content, which reéated to the characteristic of
subject-matter preparation. This means that tha lef teachers’ readiness to teach
mathematics content was a strong indicator foteaeher quality compositespecially
in the cases of more complex mathematics contsat$, as geometry (.73), algebra (.77)
and probability concepts (.76). This also meaastte main source of the teacher
guality composite is teachers’ self-assessmenghwhiovides a limited measure of
knowledge or preparatidf.

Two other TIMSS items which had relatively highttadoadings (e.g. above .3
see Garson, 2006) were the type of teaching aatiéin and the participation in
professional development related to instructioeehhology and mathematics
assessment. This implies that the readiness Vesiahe type of teaching certification,
and participation in professional development sglab instructional technology and
mathematics assessment were the main variablesrisomgtheteacher quality
composite

In contrast, the other variables related to teagpireparation (i.e. level of
education, participation in other types of profesal development), experience (i.e.
years of teaching) and mathematics preparationnfiaghematics major and math
education major) had low factor loadings, implythgt these latter variables accounted
for little in the variance of the teacher qualipnposite. This may be the case because,

as depicted in Tables 7 and 8, the sample showedMariation in these variables. The

9 As previously noted, TIMSS 2003 did not conducaasessment of teachers’ aptitude or content
knowledge.
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literature is mixed about the effect that teactmaracteristics, such as experience or level
of education have upon student achievement (Hakushekin, Kain, 2004; King-Rice,
2003; Wayne & Youngs, 2003), so it may not be ssig that these variables had low
factor loadings.

As previously noted, theeacher quality composit®as computed with the design
and population weights, specifically the mathensatéacher weights, which was the
recommended one to apply for this level of anal{fgiartin, 2005). One consequence of
utilizing this weight is that countries with largeamples of teachers, such as the United
States and New Zealand, dominated the sample awdrgoweighted more heavily in
comparison to countries with smaller samples. Ty have influenced the results for
correlation and regression analysis. Because®fjtrestionteacher quality composite
were also computed for each individual country digda The factor loadings for each
country are shown in Appendix B, which revealed tha same pattern existed for each
country in the sample. In other words, the reaginariables had high factor loadings in
every country in the sample. This means that ugiagnathematics teacher weight did
not compromise the results of the factor analysigse similar factor loadings were
observed in each country in the sample.

All of the TIMSS 2003 variables were utilized inngputing theteacher quality
compositeregardless of the factor loadings. This was dwonee the literature review
indicated that teacher quality was not based up@ncbaracteristic. In addition, it was
necessary to have the same “yardstick” across gesgnd measure teacher quality, rather
than having different variables composing teachlity for each country. For this

reason, a consistent and comprehensive measussaoontries was needed, which was
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done by including the same variables for all thentoes, rather than dropping variables
based on low factor loadings. For this reason,sm@ment invariance was imposed
across countries. A consequence of this decisitimait this study did not allow for the
possibility of different measures of teacher gyaditross countries. Examining teacher
guality across countries without measurement iavee is an important topic that can be

examined by future studies.

Descriptive statistics of teacher quality composite

Descriptive statistics (i.e., mean, median, rastgdard deviation, minimum,
maximum, and percentile) and histograms oftdaeher quality composifer each
country were generated in SPSS. To be able torsitachel the meaning of theacher
quality compositgit is necessary to explain what characteristtes@presented by
different values. For example, a teacher who reckateacher quality compositcore
of six, which as Table 10 discusses, is near thgaaf the maximum values (i.e., 6.18 to
6.67) observed in each country. A typical teachiéln a teacher quality compositaf six
is one who had a bachelor’s degree, taught forylea's, received a degree in
mathematics education, possessed a full teachmi§azion, rated him/herself very
ready to teach all types of mathematics contemt panticipated in nearly all types of
professional development in the past two yearst aldeachers in the sample had such
highteacher quality compositealues, some of them had negative ones. An exaof@
teacher with a negatiteacher quality composifge. -20.60) was one who had taught
for 20 years, had a high school degree, had aefadihing certification, rated him/herself
not ready to teach most mathematics content, ahdatiparticipate in professional

development in the past two years. Thus, the miffierence between teachers with
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positive and negative values resides on how rdaelywere to teach mathematics
content. This may not be surprising, since theiresd variables were the ones with high
factor loadings in Table 7.

Histograms of théeacher quality compositgere generated for all countries and
each country in the sample. Only selected histograma displayed (Figures 5,6, and 7),
since these graphs represent the two observedmnsm#teross the sample of counties:
negative skewskewfor all countries = -1.39) and less negativelywsbe Skewfor
Ghana =-0.51). (The remaining histograms arglayed in Appendix C.) The first
histograms, Figure 5, depicts the distributioneaicher quality compositgcross all
countries in the sample.

Figure 5. Histogram of Teacher Quality Composite for All Countriesin
Sample
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As Figure 5 indicates, theacher quality composi@orresponding to all the
countries in the sample is negatively skewed. Slesw is a measure of whether the peak
in centered in the middle. The skewness staffigtiall countries (e.g. pooled data) was
-1.39, which meant that the peak was off to thbtrigzhich is shown in Figure 5. This
means that most teachers in the sample had posaticler quality composite, which is
what one hopes would be the case. The skewnésdissaof countries with histograms
that were negatively skewed were Austratikefv= -1.74), New Zealandkew= -2.66),
Palestinegkew= -1.02), Swederskew= -1.38), Romaniaskew= -1.37), Serbia
(skew=-1.68), Slovakiagkew= -1.30), and the United Statekéw= -2.89). As
discussed in subsequent sections, this meant thegexr number of teachers with
positive teacher quality composite were preseth@se countries and thus, suggesting
higher level of quality. It also means that thenposite was subject to a ceiling effect,
since a maximum value was observed. Similar tdhiseegram for all countries, the
teacher quality composite in Zealand was also negjatskewed gkew= -2.66), which is

shown in Figure 6.
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Figure 6. Histogram of Teacher Quality Compositerflew Zealand
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On the other hand, histograms for the remainingnt@s (i.e. Botswana, Chile,
Ghana, Jordan, Malaysia, and Philippines) wererlegsatively skewed. Figure 7 shows
the histogram for Ghana, but the other countrigkigigrouping had similar histograms
to Ghana’s. For this reason, the discussion bedtates not only to Ghana, but

Botswana, Chile, Hong Kong, Jordan, Malaysia, &edRhilippines.
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Figure 7. Histogram of Teacher Quality Composite for Ghana
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As Figure 7 indicates, Ghana and the other counimi¢his group (Botswana,

Chile, Ghana, Jordan, Malaysia, and Philippinesd)lbas negatively skewed distribution
of theteacher quality compositeThe skewness statistic for Ghana was -0.51,lwhic
meant that the peak was off to the right, whickhewn in Figure 7. The skewness
statistics of countries with histograms that wexssInegatively skewed were Botswana
(skew=-0.72), Chile gkew= -0.61), Ghanaskew= -0.51), Hong Kongskew= -0.68),
Jordan gkew= -0.99), Malaysiagkew= -0.69), and Philippineskew= -0.62). This
means that most teachers in these countries hadiveegalues for theeacher quality
compositewhich is what one does not want to be the césediscussed in subsequent

sections, this meant a lower level of quality iagé countries.
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Table 10 displays the descriptive statistics fertdacher quality compositer
each country. Countries are arranged in descerddey based upon their met@acher
quality compositand those with mean values above the mean obalitdes are bolded.

Table 10
Descriptive Statistics of Teacher Quality Compodite Countries in Sample

Country N Range Minimum Maximum M  Median SD
New 259 23.97 -17.37 6.60 3.90 5.97 4.86
Zealand
United 28.59 -21.97 6.62 3.70 5.66 4.80
377
States
Australia 246 24.91 -18.29 6.62 2.96 5.96 5.75
Romania 178 22.16 -15.65 6.51 242 3.44 3.92
Palestine 145 24.24 -17.81 6.43 0.61 1.96 5.25
All Countries 2925 37.79 -31.17 6.62 0.50 2.77 6.72
In sample
Slovakia 179 29.03 -22.48 6.55 0.10 1.62 5.43
Sweden 285 34.41 -27.79 6.62 0.07 2.35 6.84
Hong Kong 144 19.87 -13.28 6.59 -0.39 1.46 6.75
Ghana 153 22.02 -15.84 6.18 -1.33 -0.83 5.70
Serbia 171 37.66 -31.17 6.49 -1.69 2.04 9.15
Jordan 140 30.40 -23.86 6.54 -2.03 -0.80 7.79
Malaysia 150 28.07 -21.60 6.47 -2.06 -1.57 6.59
Botswana 146 26.00 -19.76 6.24  -2.37 -1.93 7.10
Chile 215 27.86 -21.37 6.49 -2.70 -1.01 7.58
Philippines 137 31.23 -24.71 6.51 -4.71 -3.41 6.70

Note: Countries with mean values above the meatl agbuntries are bolded.
Calculation based on weighted data.

Table 10 provides information about the level aadation of theeacher quality
compositewithin each country in the sample. The mean aadiam values of the
teacher quality compositeere used as a gauge of the level of teachertguaith the
mean of all countries being used to compare eaghtoo Countries were grouped into
three categories: high, middle and low, based wpemearieacher quality composite
Countries with high meateacher quality compositeere New Zealand (the highest), the

United States, Australia, and Romania. Countrigls t#acher quality composiia the
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middle were Slovakia, Palestine, Sweden, SerbiHong Kong. In contrast, countries
with low meanteacher quality compositeere Botswana, Chile, Ghana, Jordan,
Malaysia, and the Philippines, which were the sames with histograms which were
less negatively skewed. This implies that the ho@an values in these countries were
related to the large number of teachers with loaresin the composite.

Table 10 also revealed that every country in timepda had large dispersions in
theteacher quality compositas measured by the standard deviation. Countitbs
higher composite scores had smaller standard davsathan those with lower scores.

In other words, in countries where the composite igher, teachers possessed quality
characteristics more uniformly. Thus, it appehet ticross countries the level and
variance of teacher quality were related.

The dispersion of theeacher quality compositgithin each country is also
illustrated by other descriptive statistics suchh&sminimum, maximum, range and
guartiles. As Table 10 indicated, every country &@ailar maximum values, since every
country had values over 6.0 (i.e. range was 6.1868). Table 8 also revealed that
every country in the sample contained low valuggesevery country had teachers who
received negative values.

The range depicts the spread of the data betwedowlest and highegtacher
quality compositén each country. Countries with the smallest elisppn between the
lowest and highest composite sconese Australia; Ghana; Hong Kong; New Zealand;
Palestine; and Romania. However, the range daeaeweal the level of teacher quality
within and across countries, since these valuesxreme. As a result, quartiles for each

country were prepared to determine the dispersid@azher quality, which are presented
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in Table 11. Countries are arranged in descenalidgr based upon the country with the
highestteacher quality compositet the 28 percentile.

Table11
Quatrtiles of Teacher quality composite in Each Cdun

Country 25 Percentile 50 Percentile 75 Percentile
New Zealand 4.03 5.97 6.29
United States 3.23 5.66 6.41
Australia 2.66 5.96 6.38
Romania 0.12 3.44 5.84
Slovakia -2.01 1.62 3.94
Palestine -2.37 1.96 4.87
Sweden -3.02 2.35 5.63
Serbia -3.56 2.04 5.22
Ghana -5.27 -0.83 3.57
Jordan -5.70 -0.80 4.37
Malaysia -5.71 -1.57 3.50
Hong Kong -5.88 1.46 5.75
Botswana -7.17 -1.93 4.06
Chile -7.51 -1.01 4.35
Philippines -9.41 -3.41 -0.66

Note: Calculation based upon weighted data.

Table 11 indicates that there were large differera@oss countries in the™5
and 50" percentiles, while more similarities in tteacher quality compositeere
observed with the 75th percentile. New Zealanel Uhited States, Australia, and
Romania were the only countries with positigacher quality composit the 28
percentile, which were also the same countries liggh mean and median values. As
previously mentioned, a teacher with a negativaeralas one who rated him/herself not
ready to teach most mathematics content, completgdschool, was fully certified, and
had taught for more than five years. So, it iscewning that teachers with negative
composite values were observed at tH8 @&rcentile in countries such as Slovakia,

Palestine, Sweden, Serbia, and Hong Kong and &hpercentile in Botswana, Chile,
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Ghana, Jordan, and Malaysia. Even more conceisitihgit within the sample in the
Philippines negative teacher quality composite @siwere still observed at the"75
percentile. Based upon all of the descriptivastias presented from my measure of
teacher quality, there were large numbers of taachith negative composite values in

Botswana, Chile, Ghana, Jordan, Malaysia, and tiigpines.

Summary of Research Question One

Based on the descriptive statistics discussedyvbrall picture that emerged was
that countries with high mean values of teacher quality composiige., Australia,
New Zealand, Romania, and United States) had Ispsmion in their sample, taking
into consideration that the data was negativelyvskk Conversely, countries with low
mean values of thieacher quality compositead more dispersion. However, these
results should be interpreted cautiously, sinceetiaere violations to the assumptions to

conduct factor analysis.

Research Question Two

Question and Rationale

The second research question asked: in each cadaritrg sample, to what extent is
teacher quality associated with students’ socigrenuc status (measured by classroom
parental education), and how do these associatemysacross countries? Recent studies
in the United States have documented substansiphdties in teacher characteristics
across schools and districts (Loeb, 2001; Goe, R0UBe evidence in the United States
suggests that minority students, lower income sttgdand urban schools are

disproportionately placed with teachers with legsegience, which is one of the
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indicators of teacher quality. However, the tapi¢eacher quality distribution has been
studied less in other countries. For this reagosnot clear whether teacher quality is
distributed more equitably in other countries, iarikar distributional concerns related to

students’ socio-economic status also exist.

Explanation of Method to Answer Research Questiowd

To answer this question, correlation analysis betwleteacher quality composite
and themean classroom parental educatias conducted for each country, and also for
all countries in the sample. Correlation analyss selected since it provides a measure
of the association or strength of two variableseiC& Popovich, 2002). Pearson
product-moment correlation can be used for manpgaes. For this study, it was used
to describe the association betweentdazher quality composi@ndmean classroom
parental education

The correlation coefficient is an index of effertes varying from -1 to +1 (Green &
Salkind, 2004). For this study, a value of -1 esgnted a perfect negative relationship
between teacher quality antkan classroom parental educationhis would mean that
teacher quality was perfectly negatively relatechean classroom parental educatjon
which would signify that higher levels of teacheatity would be associated with
classrooms with lower parental education. ConWwgraecorrelation of 1 would mean
that teacher quality was perfectly relatednean classroom parental educatiamplying
that teachers with high composite values would beenassociated with classrooms with

higher level of parental education.
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Assumptions of Correlation Analysis

There are two assumptions underlying correlatialyams. The first assumption
is that the data represents a random sample frempdpulation, and that the variables for
one case are independent of other cases (Greetkag&2004). As previously noted,
TIMSS 2003 utilized a complex random sample detgrepresent a national sample,
and so this assumption was met. To ensure independf other cases, the data was
aggregated to the classroom level for each courithus, the assumption was not
violated, which was a necessary condition to compotrelation significance test (Green
& Salkind, 2004).

The second assumption is that the variables aggibtely normally distributed
(Green & Salkind, 2004). This is of particular iamfance if the purpose of the Pearson’s
r is to infer the populatiorp, or to conduct null hypothesis tests (Chen & Popuayvic
2002), which were the aim of this study.

Bivariately normally distributed means that eachalae is normally distributed
independent of the other variable, and each variglhhormally distributed at all levels of
the other variable (Chen & Popovich, 2002). Itassumption is met, the only
relationship that can exist between the two vaesld linear. If a nonlinear relationship
exists, the assumption is violated. To test thieption, a scatterplot betweteacher
guality composit@ndmean classroom parental educatifsom the aggregated countries
data (N = 2925) file was examined. (See Appendjx This revealed that the data was

linear and bivariate normally distributed, and Isis aissumption was not violated.
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Variables for Data Analysis and Descriptive Staitst of the Variables

As previously noted, there are two variables fag thsearch question: (1)
unweightedeacher quality compositnd (2)mean classroom parental educatioAs
previously discussed, classroom parental educétibaing used as a proxy for socio-
economic status, since TIMSS 2003 did not ask gurestelating to parental income or
other information about socio-economic status.sMairiable can be a proxy for socio-
economic status, since income is related to oeeal lof education (Ciponelle, 1991).
Mean classroom parental educatiaas calculated by averaging the level of parental
education for each student assigned to each teactiex sample.

To provide background information about the levigbarental education for each
country, as measured at the classroom level, tlamkeach country was calculated
which is shown in Table 12. Countries are arrangeatescending order from the highest

mean classroom parental education
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Table 12
Mean Teacher Quality, Mean Classroom Parental Edticam and Number of Teachers for each Country

Country Teacher QualityNl)  Class Parental Educatic N
(M)
All Countries 0.5C 3.44 2925
United States 3.7( 4.03 377
Serbia -1.6¢ 3.95 171
Sweden 0.06 3.89 285
Slovakia 0.19 3.72 179
New Zealand 3.9 3.71 259
Australia 2.97 3.58 246
Jordan -2.03 3.51 140
Palestine 0.61 3.35 145
Romania 2.42 3.27 178
Philippines -4.71 3.24 137
Chile -2.7( 3.20 215
Malaysia -2.06 2.82 150
Hong Kong -0.40 2.80 144
Ghana -1.33 2.71 153
Botswana -2.36 2.33 146

Calculation based upon weighted data.

As Table 12 shows, the United States had the highean classroom parental
education(M = 4.03), which reflects finishing post-secondargatmonal or technical, but
not university or higher. Ghana had the lowastan classroom parental educatifv =
2.71), which reflects finishing lower secondaryheTremaining countries hagean
classroom parental educatioeflective of finishing upper secondary.

Serbia, Sweden, and Slovakia were countries weém#xt highestnean
classroom parental educatiafter the United States. One may be surprisell thvé
high mean values for Serbia and Slovakia, sincetidugstics presented in the previous
chapter (See Table 1) showed a much lower terfiargliment in these countries in

comparison to Sweden, New Zealand, Australia, hadJnited States.
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Findings from Research Question Two

As described in the previous chapter, the coridbetweemean classroom
parental educatiorand theeacher quality composit®as conducted in AM software
using a recalculate@acher quality composi{ge. unweighted teacher quality
composite). Significant correlations were deterrdibg testing the hypotheses (i.e; M
= 0.0), which related to the population parameténe null hypothesis specified that no
correlation was present at the alpha level at Téble 13 displays the Pearson
correlation coefficients between tteacher quality composindmean classroom
parental educatiorior each country and all countries in the sam@&nificant
correlations are noted in bold and countries ar@nged in descending order of the
magnitude of the correlation coefficient.

Table 13

Correlation coefficient between Teacher Quality Composite and M ean Classr oom Parental
Education

Country Correlation £) N
Chile 0.35 ** 215
All Countries 0.25 ** 2925
United States 0.25 ** 377
Ghana 0.22 * 153
Philippines 021 * 137
Slovakia 0.20 * 179
Palestine 0.18 145
Botswana 0.13 146
Hong Kong 0.13 144
Malaysia 0.13 150
Jordan 0.12 140
Serbia 0.12 171
Australia 0.11 246
Romania 0.07 178
Sweden 0.06 285
New Zealand -0.05 259

** Correlation is significant at theé1 level (2-tailed)
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*Correlation is significant at th@®5 level (2-tailed)

Table 13 indicates that 10 of 15 countries hadssizdlly non-significant
correlation coefficients at the .05 level. Cowrdrwith statistically non-significant
associations were Australiar(@45)=.11), Botswanai(145)=.13),

Hong Kong (r(143)=.13), Jordan £(139)= .14), Malaysia ((149)= .13),

New Zealand ((258)= -.05), Romania(177)= .07), Serbia ((170)=.12), and
Sweden §(284)=.06). This means that teacher quality was rgtiscantly related to
classroom socio-economic status (as measureaday parental educatipm most
countries in the sample.

Table 13 shows that the direction of the corretats@s positive across 14 of 15
countries in sample. This means that across castigher teacher quality tended to be
associated with higher classroom socio-economiastaxcept for the three countries
(i.e. Romania, Sweden, and New Zealand), whichnead random association.

Table 13 also indicates that 5 of 15 countriesdtatistically significant
associations, which were ChilgZ14)= .35), Ghana((152)= .22),
the United Statesr(376)= .25), all countries aggregated(2924)= .25), the Philippines
(r(136) = .21), and Slovakia. Thus, the null hypoih@ss unlikely to be correct and so
the alternative hypothesis {H=0) was accepted as a more likely. Chile had thbdst
correlation coefficient. While these correlatiaretficients were significant, it should be
understood that social scientists typically intetmorrelation coefficients below .5 as
having a low association (Hinkle, Wiersma, & J@803). However, a .5 correlation

coefficient was not expected for this study, anthsd standard may be too high.
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To further examine the relationship betweasan classroom parental education
and theteacher quality compositscatterplots were generated for each countrye Th
scatterplots illustrated that most countries ingample there was no association between
mean classroom parental educatiand theeacher quality compositeScatterplots from
New Zealand, Sweden, Jordan, Malaysia, Serbiaywgota, Hong Kong, Palestine,
Ghana, Philippines, and Slovakia illustrated neadom assignment between classrooms
with high and low levels of parental education. @& other hand, the distribution in the
scatterplots of Chile and the United States, whath more significant correlation
coefficients showed less randomness. Selectetégaats illustrating these patterns are
depicted and discussed below beginning with theesgdot for the United States.
(Scatterplots for the remaining countries can lem se Appendix D.)

Figure 8. Scatterplot between Mean Classr oom Parental Education and
Teacher Quality Compositefor United States
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As Figure 8 illustrates, the sample from the Whigtates is mainly comprised of
teachers with positive values. The tendency irstimaple in the United States is for
those with negative teacher quality composite \&atode with classrooms which have
parents with less education. It was rare forstta@ms with higher levels of parental
education to have teachers with negative teachaitgeomposite values.

The next scatterplot is from Chile and is depidteBigure 9 below.

Figure 9. Scatterplot between Mean Classr oom Parental Education and
Teacher Quality Compositefor Chile
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As Figure 9 illustrates, Chile mainly has teaclveith negative values. The
distribution is more uniform, in comparison to theited States. (See Figure 8.) The

next scatterplot is for New Zealand and is depiateeigure 10 below.
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Figure 10. Scatter plot between Mean Classr oom Parental Education and
Teacher Quality Composite for New Zealand
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Figure 10 shows no discernible pattern, sincalibiibution seemed close to
random As previously noted, the remaining cousthiad distributions similar to New

Zealand’s, since they were random. (See Appendix D

Summary of Research Question Two

Based upon the correlation analysis and scattergluere was a statistically non-
significant association betweeamean classroom parental educatiand theeacher
quality compositén 10 of 15 countries in the sample. Countriethstatistically
significant associations were Chile, Ghana, Phiipp, Slovakia, the United States, and
all countries aggregated (i.e. pooled data). Hanethe scatterplots betwetsacher
guality compositeandmean parental educatioshowed no association between these

variables in all of the countries in the samplesegpt the United States. Thus, the
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association between theacher quality composi@dmean classroom parental
educationwas not homogenous across countries, but mokeafduntries in the sample

did not have statistically significant relationship

Research Question Three

Question and Rationale

The third research questions asked: how doesdegciality predict math
achievement in each country in the sample? Howheése relationships vary across
countries? Policy makers have been concernedimviloving student outcomes. Since
teachers are critical component in the learninggss, many researchers have advocated
improving the quality of teachers as a means toavg student outcomes. Research in
the United States and other countries indicatedhatacteristics such as experience,
teaching preparation and subject-matter preparatiemssociated with student
achievement. However, these studies have usestefitf datasets, constructs, and
variables to measure teacher quality, typicallying on limited indicators. In addition,
a recent cross-national study explored the relalignbetween teacher quality and
national achievement, but did not examine the etesacher quality exerted in each
country (Akiba, LeTendre & Scribner, 2007). Thiisyas not known how much
variance in mathematics achievement was explaigaddcher quality within each

country and whether its effect was consistent accosintries.

Explanation of Method to Answer Research Questiohrée

Regression analysis was used to answer this quesince it is a technique that

is employed to compute the variance of a dependsrdble explained by an
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independent variable(s) (Cohen, Cohen, West & AiR&93; Pedhazur, 1997; Green &
Salkind, 2004). Regression analysis can also ksttabe relative predictive importance
of the independent variable(s). This dissertagiomployed simple regression for this

research question.

Assumptions of Multiple Regression Analysis

There are four assumptions for multiple regressioalysis® (Cohen, Cohen,
West & Aiken, 2003). The first assumption is pnogeecification of the form of the
relationship between the independent and dependeiables (Cohen, Cohen, West &
Aiken, 2003). Regression generally assumes arlimeéaionship between the
independent and dependent variables. When thedbthe relationship between the
independent and dependent variables is not proppdgified, problems may arise such
as regression coefficients and standard errorslradyased. To determine if there was
evidence of nonlinearity, the residuals and predistalues were plotted, which revealed
that a linear relationship was present. (See Agipes.)

The second assumption is correct specificatioh@finndependent variables in the
regression model (Cohen, Cohen, West & Aiken, 2003he theory being tested is
valid, correct specification implies that all vdoies identified by the theory are included
in the model and properly measured (Cohen, Cohast\& Aiken, 2003). Based upon
the information presented in Chapter two, it issceeble to infer that the specification
between the dependemtverage classroom mathematics achievejreamd independent
(teacher quality composit@ariables was correct. However, if important vaeahkare

excluded, or extraneous variables are includetereguation, the interpretability can be

** The assumptions for simple regression and multgreession are similar. For this reason, the
assumptions were reported here for multiple regzasand was not repeated in the next researchiquoest
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affected. For this regression equation, this coudén that the true effect of teacher
guality may not be accurately portrayed, since rotin@ortant variables such as student
or school characteristics that also impact studehtevement were not included in the
model.

The third assumption is perfect reliability ormeasurement error in the
independent variables (Cohen, Cohen, West & AiR€03). This is particularly
important when there is only one independent végjabhich is the case for this research
guestion. Because of the noted violations to confctor analysis, thieacher quality
compositeeontains measurement error. If there is measureensor, this will
commonly lead to biases in the estimates of theessgon coefficients and their standard
errors, as well as incorrect significance tests@ndidence intervals (Cohen, Cohen,
West & Aiken, 2003).

The fourth assumption is constant variance of tegglor homoscedasticity
(Cohen, Cohen, West & Aiken, 2003). To check fmmlescedasticity, the residuals and
the independent variableacher quality compositand the predicted value were
graphed. These graphs suggested no significanttdeggmfrom constant variance,
implying that the assumption of homoscedasticitg weet. Since one of the assumptions
was violated (i.e. no measurement error), the sti@herrors, significance tests, and
confidence intervals may not be accurate (Cohehg@oWest & Aiken, 2003) and so

caution should be used in interpreting the results.
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Descriptive Statistics of the Variables Used in thata Analysis for Research

Question Three

This research question involved two variables: ughtedteacher quality
compositeandaverage classroom mathematics achievem&mtce descriptive statistics
of theteacher quality compositgere already described, this section is devoted to
discussion of the other variable used in this qaesaverage classroom mathematics
achievement

TIMSS 2003 database contained five plausible valwbgh were separate
imputed estimates for mathematics achievement. SBEommends using all of the
plausible values in data analysis for the most l@&telestimation. However, all of the
plausible values were highly correlated (.9 or kigyhwith each other and preliminary
data analysis (i.e. regression analysis) revedalgdsimilar results were obtained with
each plausible value. For ease of reporting, ssiecwas made to use only the first
plausible value for this and the subsequent reBagqrestions. Thus, it should be
understood that whemverage classroom mathematics achievensenbted in the
discussion, it means the first plausible value.

Descriptive statistics were prepared &@erage classroom mathematics
achievementor each country in the sample to determine thgeaand variance across
countries. The mean values for each country wased upon classroom averages.
Countries are arranged in descending order basmdayerage classroom mathematics
achievement scores and are shown in Table 14.intémational TIMSS benchmarks are

also noted in Table 14 to provide information & tielative scores for each country. It
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should be noted that TIMSS considered country scalbeve 550 to be high, scores

above 450 to be intermediate, while scores belddwdére low (Martin, 2005).

Table 14
Mean of Classroom Mathematics Achievement and TIM3®3 Benchmark
(Range and SD)

Country M Range SD TIMSS 2003 Benchmark
Hong Kong 578.95 296.13 59.39 High
Slovakia 517.09 296.92 59.66 Intermediate
Malaysia 507.20 245.20 55.23 Intermediate
United States 500.00 335.94 63.34 Intermediate
Australia 494.36 386.24 57.58 Intermediate
New Zealand 487.40 316.98 59.28 Intermediate
Sweden 481.63 288.80 56.08 Intermediate
Serbia 476.15 183.54 36.77 Intermediate
Romania 475.66 288.95 56.51 Intermediate
Jordan 421.95 244.49 45.82 Low

Chile 407.10 307.55 70.99 Low
Palestine 391.47 223.97 41.26 Low
Philippines 380.86 328.59 63.73 Low
Botswana 367.40 234.61 32.96 Low

Ghana 275.48 271.59 55.77 Low

Calculation based on weighted data measured atldssroom level

As Table 14 indicates, there is a large rangeverage classroom mathematics
achievemenacross countries, with 303.47 points separatindnitjeest (Hong Kong) and
lowest (Ghana) countries. Despite the differeme@verage classroom mathematics
achievemen&cross countries, most countries had similar rmage standard deviation in
their scores. Countries with high mean achievemalotes such as the United States,
Australia and New Zealand had large dispersiohéir tscores. Similarly, countries with

low mean achievement values such as Ghana andhiliggoihes also had large
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dispersion in their scores. This suggests thaetivas no relationship between the mean
and standard deviation values.

All of the countries which have been classifiechgh or intermediate in terms of
average classroom mathematics achieverhased upon TIMSS 2003 Benchmark were
also those with high and middle overall teachelityya@xcept for Malaysia which was
categorized as low. In comparison, countries tfladsas low in terms o&verage
classroom mathematics achievemieased upon TIMSS 2003 Benchmark, were those
with low overall teacher quality (as measured bynteacher quality composite

Before discussing the results of the regressiolysisathis section examines
whether there was a relationship between teactaityjandaverage classroom
mathematics achievemeiiio determine this, correlation analysis was catebilbetween
theteacher quality compositendaverage classroom mathematics achievemehich

are presented in Table 15.
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Table 15
Correlation between Teacher Quality and Average €deoom Mathematics Achievement

Country Correlation (r) N Level of TQ
All Countries 0.39** 2029

Chile 0.37** 138 Low
United States 0.27** 375 High
Jordan 0.27** 139 Low
Botswana 0.23* 146 Low
Sweden 0.23* 285 Middle
Romania 0.17* 178 High
Palestine 0.17* 143 Middle
Hong Kong 0.15 144 Middle
Ghana 0.10 151 Low
Slovakia 0.04 149 Middle
New Zealand 0.03 259 High
Philippines 0.02 111 Low
Malaysia 0.00 144 Low
Australia -0.02 245 High
Serbia -0.03 170 Middle

** Correlation is significant at theé1 level (2-tailed)

* Correlation is significant at th@5 level (2-tailed)

Note: Level of Teacher Quality is based on MeanFEQtor Score. Weighted Data
Measured at the Classroom Level. Table containseuif teachers.

As Table 15 displays, there was a positive assonidetweerthe teacher quality
compositeandaverage classroom mathematics achievenreall of the countries in the
sample, except in Australia and Serbia. This méaatsin 13 of 15 countries in the
sample higher teacher quality was associated wgftieln mathematics achievement.

Table 15 indicates that the relationship betwaendacher quality compositnd
average classroom mathematics achievemest not consistent across countries.
Countries where the correlation coefficient wasigigant included countries with high
level of teacher quality (i.e., United States amaff@nia), middle level of teacher quality
(i.e., Sweden and Palestine), and low level ofteaquality (i.e., Jordan, Botswana,

Chile). In the remaining countries (i.e., Hong lI§p&hana, Slovakia, New Zealand,
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Philippines, Malaysia, Australia, and Serbia) tbaelation coefficient was either non-
significant or near zero, implying no associatietveen teacher quality aaserage

classroom mathematics achievement

Findings from Research Question Three

For this research question, the independent variabk the unweightedacher
guality compositewhich was computed in the previous research muesindaverage
classroom mathematics achievemeas the dependent variable. The regression
analysis was calculated with AM software, sinceniiployed population and design
weights.

Table 16 displays the regression coefficient, stesh@rror, significance and
amount of variance iaverage classroom mathematics achieveragplained by the
teacher quality compositer each country in the sample and all countri@gnificance
was determined by testing the hypotheses (LeBIH= 0), which stated that the slope of
the regression line was equal to zero, implyindgimear relationship between tkeacher
quality compositeandaverage classroom mathematics achievem&he null hypothesis
indicated that no relationship was present at iblesalevel of .05. Countries are

presented in descending order based upon the mdgrof the R
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Table 16
Regression Equations for Resear ch Question Three

Estimafgs Significance
Country Variables Coefficient SE t-value Signifiance ? R
All Countries Constant 218.32 21.62 10.10 .00 .15**
(N=15) TQ 9.83 0.84 11.75 .00
Chile Constant 238.31 28.33 8.41 .00 .13**
TQ 5.68 1.06 5.35 .00
United States  Constant 341.25 37.58 9.08 .00 .07**
TQ 577 1.38 4,18 .00
Jordan Constant 342.82 26.52 12.93 .00 .07*
TQ 3.28 1.10 3.00 .00
Sweden Constant 387.08 24.31 15.93 .00 .05**
TQ 3.40 0.88 3.90 .00
Constant 316.16 18.40 17.18 .00 .05**
Botswana TQ 2.53 0.93 2.72 .01
Palestine Constant 327.28 26.48 12.36 .00 .03**
TQ 3.67 1.46 2.51 .01
Romania Constant 361.83 42.88 8.45 .00 .03**
TQ 6.10 2.38 2.57 .01
Hong Kong Constant 509.79 44.08 11.56 .00 .02
TQ 2.48 1.65 151 .14
Ghana Constant 227.61 42.26 5.35 .00 .01
TQ 2.59 2.61 0.99 .33
Philippines Constant 372.37 45.53 8.18 .00 .00
TQ 0.498 2.40 0.21 .84
Slovakia Constant 486.14 41.90 11.60 .00 .00
TQ 0.80 1.72 0.47 .64

1 AM Software only provided the regression coefiit& but not the standardized values.
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Malaysia Constant 508.86 35.47 14.35 .00 .00

TQ -0.08 1.72 -0.05 .96
Serbia Constant 478.64 15.39 31.09 .00 .00
TQ -0.14 0.47 -0.30 77
Australia Constant 509.47 47.03 10.83 .00 .00
TQ -0.39 1.44 -0.27 .79
New Zealand Constant 477.80 45.87 10.41 .00 .00
TQ 0.44 1.36 0.32 .75

Dependent Variable: Average classroom mathematics achievement

** Significant at the.01 level (2-tailed)

As Table 16 indicates, the impact of tkacher quality compositgponaverage
classroom mathematics achievem&at not homogenous across countries. As would be
expected, the correlation coefficients in Tableo&Bveen théeacher quality composite
andaverage classroom mathematics achievemamé also not homogenous across
countries. Regression analysis improved this resimte this analysis explored the
amount of variance explained by teacher qualityiendffect uporaverage classroom
mathematics achievement

Based upon the results of the regression anatysessees that the null hypothesis
was rejected and so the alternative hypothegi8H# 0 was accepted. Countries were
grouped into two categoriegacher quality compositeaving statistically significant or
statistically non-significant effect upon matherostachievement. Countries where the
teacher quality compositead a statistically significant effect upanerage classroom
mathematics achievemantluded Botswang(= .008), Chile jp = .000), Jordand =
.004), Palestinep(= .014), Romaniagd = .012), Swedenp = .000), United Statep(=

.000), and all countries in the sample (i.e. poaslaehple) p = .00). As would be
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expected, these same countries also had statigsogificant correlation coefficients in

Table 15. The regression equation for all counti@eg. pooled data) in the sample was:

Model Implied Average Classroom Mathematics Achmegat = 9.83 Teacher Quality

Compositg+ 218.32.

This means that across countries if teacher qualitgased by one unit (e.g. from 3 to
4), average classroom mathematashievement would increase by 9.83 points.

The amount of variance explained by teacher quality composiia the
countries where the composite was statisticallgigant ranged from approximately
three to fifteen percent, with Chile{R .132) and all countries in the samplé £R153)
having the largest R-squares. In the United St#teseacher quality composite
accounted for seven percent of the variance inageeclassroom mathematics
achievement. Therefore, the results of this amab® consistent with previous research
in the United States, which indicated that teackgpain approximately 7.5 percent of
the variance in student achievement (Hanushek,, i€aRivkin, 1998; Nye,
Konstantopoulos & Hedges, 2004).

On average the effect that tteacher quality compositead uporaverage
classroom mathematics achievemeamged from 2.53 in Botswana to 6.10 in Romania.
This means that a one unit increase (i.e. from4 o theteacher quality composiis
associated with increasing average classroom matieachievement by 2.53 points in
Botswana or 6.10 points in Romania. In other woudfg the value for each country

from Table 14, on average a one unit increasedteticher quality compositeould be
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associated with an increase from 367.40 to 36 %iswana or from 475.66 to 481.76
in Romania, which is a small increase.

Despite having a positive effect in some of thentoas in the sample, the
teacher quality compositid not explaimverage classroom mathematics achievernment
many of the countries, since the@alues were greater than .05 in the following ¢oas:
Australia, Ghana, Hong Kong, Malaysia, New Zeald&dlippines, Serbia, and Slovakia.
In countries where the composite was not statibtisggnificant the R-square ranged
from zero to .02 and the size of the effect of beaquality ranged from 2.59 to -0.39.
Thus, in half of the countries in the sample, teacjuality predicted mathematics
achievement in a modest way, but its effect waheerved in all countries. The
sample composed of all countries (e.g. pooled datkgated that teacher quality did
exert an effect upon average classroom mathenstiisvement.

The results across research questions were exataedermine if any patterns
emerged. Countries are arranged by groupinggyaffgiance in relation to thieacher
quality composits effect onaverage classroom mathematics achieveraadtits
association wittmean classroom parental educationhe first group of countries
consists of those where tteacher quality compositead a statistically significant effect
uponaverage classroom mathematics achieveraadtwas also associated with mean
classroom parental education. The last group ohtc@s includes those where the
teacher quality compositead statistically non-significant effect upaverage classroom
mathematics achievemesnid was not associated witlean classroom parental

education Countries in between these two groups were tivbsze theéeacher quality
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compositenad a statistically significant effect in one loétpreviously noted areas, but
not both.

Table 17
Analysis of Results across Research Questions

RQ3 RQ1 RQ2

Country TQ Effect Overall TQ association
on Math Ach Level TQ w/Class Parental Ed

Chile Sig Low Sig

United States Sig High Sig

Jordan Sig Low Non

Botswana Sig Low Non

Sweden Sig Middle Non

Romania Sig High Non

Palestine Sig Middle Non

Ghana Non Low Sig

Slovakia Non Middle Sig

Philippines Non Low Sig

New Zealand Non High Non

Australia Non High Non

Hong Kong Non Middle Non

Serbia Non Middle Non

Table 17 indicates that no patterns emerged acessarch questions. In
addition, reviewing the results across researcistopres, there appeared to be no
explanation why th&eacher quality compositead a statistically significant effect upon
average classroom mathematics achievenrmesbme countries, but not in others. It did
not appear to be related to the mean value aktheher quality compositar its

association with classroom socio-economic status.

Summary of Research Question Three

In about half of the countries in the sample, thveas a statistically non-

significant relationship between theacher quality composigndaverage classroom
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mathematics achievementiowever, in the remaining countries in the sanfdacher
quality had a statistically significant effect upawverage classroom mathematics
achievementbut the effect was small. Thus, across counthesffect of teacher quality
was not homogenous. Analysis of results acrogsarel questions found no discernible
pattern to explain why theacher quality compositgas a determinant iaverage
classroom mathematics achievemiantome countries, but not in others. This magme
that other, omitted variables, such as studentdrackd characteristics are important
determinants of student achievement. The resultsldibe interpreted cautiously, since

there were violations to some of the assumptiom®taluct regression analysis.

Research Question Four

Question and Rationale

As previously mentioned, the fourth research qoasisked: how does socio-
economic status moderate the effect of teachertywal mathematics achievement
within each country of the sample, and how do tledfeets vary across countries? For
this study, the moderation effect is examined layititeraction term (i.e. product term of
mean classroom parental educatiandteacher quality composité) see if the
interaction term changed the effect teacher qubhity uporaverage classroom
mathematics achievemenit is important to examine interaction termscsi they help to
conceptualize the influence of the independentaéeion the dependent variable.

Studies in the United States and other countrige dacumented an association
between teacher quality and student achievememe. pfevious research question
examined the direct effect that teacher quality ingah student achievement, and it was

found that the percentage of variance explainedmadest and that this effect was not
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consistent across countries. However, from pagtareh it was not clear whether socio-
economic status interacted with teacher qualityesiconflicting results were found by
past studies. Therefore, the question that stillained for this study to answer was

whether the interaction term had a significant emalsistent effect across countries.

Explanation of Method to Answer this Research Quest

Multiple regression analysis was used to answerghestion, since it is a
technique that is employed to compute the percentégariance in a dependent variable
explained by independent variables and establitesrelative predictive importance
(Cohen, Cohen, West & Aiken, 2003; Pedhazur, 189@gn & Salkind, 2004). In
addition, multiple regression can be utilized teess an interaction effect (Pedhazur,
1997, Holmbeck, 1997). For this study, the intBoaceffect was the product of the
teacher quality composi@ndmean classroom parental educatiovhich was utilized to
determine whether the teacher quality had a diffteeéfect uporaverage classroom

mathematic achievemebased upon classroom socio-economic status

Assumptions of Multiple Regression Analysis

The assumptions for multiple regression analygsevdiscussed during the
previous research question. For this reasons#ugon only describes how the
assumptions were tested for the data for this reBepuestion.

To determine if there was evidence of nonlineatltg, residuals and predicted
values were plotted for the variables in this redeguestion. This revealed that there
were not any large deviations from the lowessrig bnd the 0-line, which meant a linear

relationship was present. To check for homoscetitgstCohen, Cohen, West & Aiken,
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2003), the residuals and the independent varigb&edeacher quality compositeean
classroom parental educati@nd the interaction term), and predicted value were
graphed. These graphs suggested no significanttdeggmfrom constant variance,
implying that the assumption of homoscedasticitg weet, which implies that the
standard errors, significance tests, and confidereevals will be correct (Cohen,
Cohen, West & Aiken, 2003). Finally, histogramglu# residuals were prepared, which
indicated normal distribution of the residualse€ppendix F for these new plots.) As
noted in the previous research question, measuteznem was present in thieacher
quality compositel-or this reason, an assumption to conduct multgdeession analysis

was violated.

Discussion of Data Analysis

To test for an interaction effect, two regressguations were estimated in AM
software so that the analysis employed the pouatnd design weights. The first
equation had the unweighteshcher quality composindmean classroom parental
educationas the variables predictimyerage classroom mathematics achievem&he
second equation included the unweightsgther quality compositenean classroom
parental educationand the interaction term of these variables &aljotaverage
classroom mathematics achievemefn interaction term was added to incorporate the
joint effect of these two variables on the dependanable, which would determine if
teacher quality impacted the learning differentdy $tudents based upon socio-economic
status, as measured Imgan classroom parental educatiofhhe interaction term was

developed in SPSS using the Compute Function.
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To determine if the interaction effect was sigrafit, the F-values of the two
regression equations were examined. If there vgagraficant difference in the F-values

between these two equations, an interaction effastpresent.

Findings from Research Question Four

The two regression equations discussed are depicieable 18, which displays
the coefficients, standard errors, significancelgwvt-values, the Rand changes inR
and the F-value of both equations, for each cowardyall countries in the sample.
Countries are arranged alphabetically and sigmfigariables are bolded. The only
country, Botswana, with a significant interactiennh and significant F-valug@ € .000)

of the change between equation one and two, isivaith asterisks.
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Table 18

Regression Equations for Research Question Four

Estimate Significance Significance
Significance
Equation Variable ici SE - ignifi 2 Change
Country q Coefficient t-value Significance R R2 F-value
All Countries One Constant 134.57 07.6 7.65 .00 44 0 .
1.00
TQ Factor Score 4.360 0.69 6.30 .00
Class Parent 61.39 2.89 21.25 .00
Education
Two Constant 204.30 62.14 3.29 0.0 .44
TQ Factor Score 1.67 2.48 0.67 .50
Class Par ent 40.37 18.65 2.17 .03
Education
Interaction 0.80 0.73 1.10 .27
Australia One Constant 370.73 43.82 8.46 00 . .26 .01 .069
TQ Factor Score -2.02 1.178 721 .09
Class Parent 53.28 9.54 5.59 .00
Education
Two Constant -56.63 276.32 -0.21 84 . 27
TQ Factor Score 10.92 8.47 1.29 .20
Class Parent 177.76 85.11 2.09 .04
Education
Interaction -3.76 2.60 -1.45 .15
Botswana One Constant 273.31 18.01 15.18 .00 42 .05 .000**
TQ Factor Score 1.20 0.76 1.574 A2
Class Par ent 29.95 4.86 6.16 .00
Education
Two Constant 431.21 46.57 9.26 0
TQ Factor Score -5.98 2.36 -2.54 .01
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Chile

Ghana

Hong Kong

Jordan

One

Two

One

Two

One

Two

One

Class Parent
Education
Interaction

Constant

TQ Factor Score
Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant

TQ Factor Score
Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant

TQ Factor Score
Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant
TQ Factor Score
Class Parent

-39.83

3.15

183.91
1.43
58.26

126.53
3.52
79.19

-0.75

114.35

-1.12
64.92

232.05
-8.329
20.26

2.72

414.62
1.29
45.74

337.20
4.16
74.27

-1.05

229.30
242
38.31

21.15
1.04

21.20
0.83
3.36

64.86
2.43
22.85

0.83

38.46

211
8.4

157.65
9.45
55.67

3.30

50.01
1.36
8.47

157.27
5.65
54.56

2.00

31.12
0.79
7.96

164

-1.89

3.03

8.67
1.72
17.35

1.95
1.45
347

-0.90

2.97

-0.53
7.73

1.47
-0.88
0.36

0.82

8.29
0.95
5.40

2.14
0.74
1.36

-0.53

7.37
3.09
4.82

.06

.00

.00
.09

.00

.06
.15

.00

37

.00

.60

.00

.15
.38
71

A1

.00
.35

.00

.04

46

.18

.60

.00

.00
.00

.76 0

.76

.39 0
.39

.16 0

.16

.32 .01

1.00

1.00

1.00
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Malaysia

New Zealand

Palestine

Philippines

Two

One

Two

One

Two

One

Two

One

Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant

TQ Factor Score
Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant

TQ Factor Score
Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant

TQ Factor Score
Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant
TQ Factor Score

285.06
0.248
21.90

0.64

388.60
-0.79
48.02

366.79
0.29
56.16

-0.40

305.96
0.73
43.75

33.69
8.52
117.01

-2.10

216.02
221
41.24

86.28
9.63
81.14

-2.28

182.97
-1.33

130.96
5.217
35.65

1.41

32.11
1.37
5.19

112.59
5.48
37.84

1.85

42.44
1.01
7.84

256.52
7.31
72.14

2.05

27.69
1.28
5.56

172.61
9.61
54.46

3.03

30.51
1.55
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2.18
0.05
0.61

0.45

12.10
-0.58
9.26

3.26
0.05
1.48

-0.22

7.21
0.73
5.59

0.13
1.17
1.62

-1.02

7.80
1.72
7.42

0.50
1.00
1.49

-0.75

6.00
-0.86

.03
.96
.54

.65

.00
.57

.00

.00
.96
14

.83

.00
A7

.00

.90
.25
A1

31

.00
.09

.00

.62
.32
.14

A5

.00
.39

.33

.35

.35

19

.20

.24

.24

48

.01

.01

1.00

.075

1.00
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Romania

Serbia

Slovakia

Sweden

Two

One

Two

One

Two

One

Two

One

Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant

TQ Factor Score
Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant

TQ Factor Score
Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant

TQ Factor Score
Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant

68.15

68.94
4.73
104.08

-1.90

264.32
4.22
42.00

113.17
12.69
91.13

-2.749

247.45
-0.34
60.66

115.47
3.74
93.94

-1.03

321.34
-1.34
60.01

333.76
-1.84
56.51

0.14

274.82

6.01

139.24
7.51
4531

241

43.97
2.32
8.23

319.09
18.13
94.68

5.37

23.96
0.34
5.60

107.85
3.58
26.93

0.89

38.00
1.68
7.02

394.61
15.53
114.39

4.48

29.08

166

11.34

0.50
0.63
2.30

-0.79

6.01
1.82
5.09

0.36
0.70
0.96

-0.51

10.33
-1.01
10.83

1.07
1.04
3.49

-1.15

8.46
-0.80
8.55

0.85
-0.12
0.49

0.03

9.45

.00

.62
.53

.03

43

.00
.07

.00

72
49
.34

.61

.00
.32

.00

.29
.30

.00

.26

.00
43

.00

.40
91
.62

.98

.00

49

.25

.25

A3

A3

.32

.32

21

1.00

1.00

1.00

1.00



United States

Two

One

Two

TQ Factor Score
Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

Constant

TQ Factor Score
Class Parent
Education
Constant

TQ Factor Score
Class Parent
Education
Interaction

2.90
32.99

215.46
5.06
48.15

-0.55

156.39
2.52
67.98

449.16
-8.34
-11.66

2.94

0.88
5.39

136.96
5.08
36.50

1.34

37.74
1.68
6.13

204.90
7.24
61.51

2.16

3.29
6.12

1.57
1.00
1.32

-0.41

4.14
1.51
11.09

2.19
-1.15
-0.19

1.36

.00
.00

12
.32
.19

.68

.00
14

.00

.03
.25
.85

.18

21

A4

A5

.01

9.00

a Dependent Variable: average classroom mathenzatitevement
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As Table 18 shows, whanean classroom parental educatias entered into
the equation, theeacher quality compositeo longer had a statistically significant effect
uponaverage classroom mathematics achievenrenearly all countries in the sample,
except Jordarmp(= .00), Swedeng = .00) and all countries aggregat@d<.00). The

regression equation for all countries in the sanals:

Model Implied Average Classroom Mathematics Achmegat = 4.36 Teacher Quality

Compositg+ 61.39 Mean Classroom Parental Educatjon 134.57.

With the inclusion omean classroom parental educatidine amount of variance
(R? in average classroom mathematics achieveragplained by the equation ranged
from .16 to .76. This is much higher than what Yeasd when only théeacher quality
compositevas utilized in the previous research questiorhaiNs also striking is the
homogenous effect thatean classroom parental educatioad in every country in the
sample, which means students’ background charatitstisuch as classroom parental
education, is the larger determinanawérage classroom mathematics achieverttean
theteacher quality composite

The effect thamean classroom parental educatioad uporaverage classroom
mathematics achievemeaainged from 29.95 in Botswana and 68.15 in thégpimes.
This means that a one unit increase (i.e. fronindsHed upper secondary to 4 -finished
post-secondary) imean classroom parental educatisrassociated with increasing
average classroom mathematics achieverbgrt9.95 points in Botswana or 68.15

points in the Philippines. In other words, usihg value from Table 14, on average a
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one unit increase imean classroom parental educatiould be associated with an
increase from 367.40 to 397.35 in Botswana or fB&.86 to 449.01 in the Philippines,
which are large increases.

Adding the interaction term did not improve thedR equation two with respect
to equation oné® The interaction term was not statistically sigwift in any of the
countries in the sample, except Botswana. Witpeetsto Botswananean classroom
parental educationvas statistically significant when ontigacher quality composiieas
utilized. When the interaction term was addadan classroom parental educatias
statistically non-significant, but thHeacher quality compositeecame significant. The F-
value of the change between equation one and equatd was statistically significant
(p=.000). This means there was an interaction betwescher quality and classroom
socio-economic status. In other words, teachelitguead a greater effect up@verage
classroom mathematics achievema&henmean classroom parental educatiwas
higher.

Since the interaction term and F-value betweengdamequation one and two
was not statistically significant in the remainic@untries in the sample, this suggests that
mean classroom parental educatidiad not interact with theeacher quality composite
Given that theeacher quality compositgas not statistically significant in most courgrie
in equation one, it would not be expected thairkeraction term would be statistically
significant in equation two. So, the effect of teacher quality compositeas not

statistically different for classrooms with highdalow levels of parental education.

2 The difference in Rbetween equation one and two ranged from zeraéogiercent. This difference
was only significant in Botswana..
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However, these results should be interpreted aagliipsince there were some violations
to the assumptions to conduct multiple regressiatyais.

The main finding of this analysis was the significaffect thatmean classroom
parental educatioftad uporaverage classroom mathematics achievenreavery
country. This finding is consistent with studiaghe United States (Coleman et al.,
1972), other countries (in Chile see McEwan, 200Zanada see Ma & Klinger, 2000)
and cross-national (Organization for Economic Coaip@en and Development [OECD],
2001), which have also demonstrated that socio@oanstatus is the major determinant
in student achievement and that school charadteriskerted much smaller influence in
comparison. The difficulty of schools to overcothe disadvantage of less educated
home backgrounds seems to be a cross-countryre@lfildren from higher socio-
economic status backgrounds come to school witlerskills and have parents that
support their learning and so are more preparéearo than children from lower classes

(Rothstein, 2004).

Summary of Research Question Four

These results identified no interaction betweeran classroom parental
educationand theeacher quality composiia any country, except in Botswanahich
means that the effect of theacher quality composit@as not statistically different for
classrooms with high and low levels of parentaloadion (except in Botswana).
However,mean classroom parental educatiexerted significant statistically significant
effects in all countries. The results of this gee were consistent with previous

research which found that students’ backgroundaziaristic explained more of the

170



variance in student achievement than is attribaetatkchool characteristic (Rothstein,

2002).

Conclusion

This chapter presented a review and analysis afidtee Descriptive statistics
were provided for theeacher quality compositaf each country in the sample. It was
found that there were large differences acrossto@snas measured by the mean and
median of théeacher quality compositen addition, countries withigher teacher
guality compositéad less variance in their sample, taking intcsateration that the data
was negatively skewed.

Correlation analysis indicated thtaticher quality compositgere not statistically
significantly related to classroom socio-econonétuss in Australia, Botswana, Hong
Kong, Jordan, Malaysia, New Zealand, Palestine, &oa) Serbia, and Sweden.
However, théeacher quality compositgas statistically significantly related to
classroom socio-economic status in Chile, Ghangippimes, Slovakia, and the United
States, and all countries aggregated (e.g. poata).d

The effect of theeacher quality composiigponaverage classroom mathematics
achievemenivas modest, since it accounted for .03 to .1B@feixplained variance
within Chile, Jordan, Palestine, Romania, Sweded,the United States, but was not
statistically significant in the other countriestive sample. Thus, the effect of the
teacher quality compositgponaverage classroom mathematics achievemest not
homogenous across countries.

Finally, the results of the final regression equadi (See Table 18) indicated the

teacher quality compositnd the interaction term were not statisticalgngicant in
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nearly all countries, but in every countnean classroom parental educatistatistically
significantly explaine@verage classroom mathematics achievem&he lack of change
between the Rof the two models meant that students’ socio-esvastatus did not
interact with thdeacher quality composiie any country in the sample, except
Botswana. That is, the effect of tteacher quality compositenaverage classroom
mathematics achievemenas not statistically different for classroomshwitigher and
lower educated parents. In Botswana teacher guadpgacted the learning more for
classrooms with higher levels of parental educatiatner than lowerMean classroom
parental educatiorexerted a statistically significant effect upmrerage classroom
mathematics achievemantevery country. All of the results reportedlims chapter
should be interpreted cautiously, since there werations to the assumptions to

conduct the data analysis.
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Chapter Five
| nter pretations, Conclusions, and Recommendations

Summary of Dissertation

This dissertation has developed a composite ohFaguality across countries. It
has examined educational equity in a sample of BNM803 countries, specifically the
level and variance of teacher quality, its assamiaith students’ socio-economic status,
and its impact upon mathematics achievement, imuduiciteraction effects in relation to
students’ socio-economic status. Fifteen TIMSSR@8untries comprised the sample:
Australia, Botswana, Chile, Ghana, Hong Kong, Joydiéalaysia, New Zealand,

Palestine, Philippines, Romania, Serbia, Slova&eeden, and the United States.

Research Questions

The research questions this study sought to ansee.

1. How does teacher quality, as defined in this siudy a composite of experience,
teaching preparation, and subject-matter prepanaviary within and across the
sample of countries? In other words, what is évelland variance of teacher
guality within each country in the sample? How kleske levels and variances
differ across countries in the sample?

2. In each country in the sample, to what extentasher quality (as defined above)
associated with students’ socio-economic statusgomed by parental level of
education)? How do these associations vary acmsstries?

3. How does teacher quality predict math achievenmreeach country in the

sample? How do these relationships vary acrosstges?

173



4. How does students’ socio-economic status meeléna effect of teacher quality
on mathematics achievement in each country ofdhge? In other words, does
teacher quality impact achievement differently, eleging on students’ socio-

economic status? In addition, how do these effeaty across countries?

Summary of Literature Review

Research from both the United States and othertgesrndicates that the teacher
characteristics of experience, teaching preparatr@thematics preparation, and aptitude
impact student achievement (in the United Statss \Vgayne & Youngs, 2003 and King-
Rice, 2003; for evidence regarding Finland, Frahcegembourg see Reynolds, 2000; for
developing countries see Fuller, 1986; see Velekietelbein & Valenzuela, 1993 for
Latin America). However, this research has usédrént datasets, different constructs
and variables to measure teacher characteristiegs, there is a need for this
dissertation, which has examined teacher qualitygusonsistent and comprehensive
measures across countries, to assess the leviehegrassociation with students’ socio-
economic status, and effect upon mathematics aement, both direct and through the
its interaction with classroom parental education.

Past research has shown that some students daveahbcess to quality teachers,
specifically it has identified substantial dispiastin teacher characteristics across
schools and districts in the United States (Lo@12 Goe, 2002). There is a need to
examine the association of teacher quality in i@tatio students’ socio-economic status
across countries, since the topic of teacher qudistribution has been studied less
outside the United States, we have not known wihégaeher quality has been

distributed more equitably in other countries.
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Methodology Used in this Dissertation

Teacher quality, socio-economic status, and mattiesnachievement were the
constructs examined in this study through the digactor analysis, correlation analysis,
and regression analysis. Factor analysis wagedilfor the first research question, since
a comprehensive and consistent measure of teaohbtyqvas needed to compare the
level and variance of teacher quality across ceesitrFactor analysis reduced the
twenty-nine TIMSS 2003 variables representing teacharacteristics of experience,
teaching and subject-matter preparation into aisters composite of teacher quality
across countries. The second research questionima the association between teacher
quality (as measured by the composite) and studsrt-economic status (as measured
by mean classroom parental educafjorCorrelation analysis was used to assess the
strength of the relationship between these varsabiehin each country. Finally,
regression analysis was used to answer researshangethree and four, since these
guestions explored the amount of variancavarage classroom mathematics
achievemengéxplained by teacher quality, including an intéiaceffect (i.e. product
term ofmean classroom parental educatiandteacher quality compositavithin each

country.

Main Findings of Dissertation

1. This dissertation has developed a consistent meastweacher quality and
examined its level and variance across countiis. surprising, the level and
variance was not homogenous across countries. |@erg this composite across
countries, required the imposition of measuremevariance and aggregation of

data to the teacher level. The characteristicghvlargely comprised this
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measure were mathematics and teaching prepareditwey than the characteristic
of experience.

. Theteacher quality composippeared to be susceptible to a ceiling effect.
Moreover, the composite was negatively skewed aarosntries, suggesting
many of the observed values were clustered aroigighvalues. In addition,
across countries the mean value oftdecher quality composit®as not
homogenous; a range of values was observed. Gesimtith higher mean
teacher qualitycompositdi.e., New Zealand, Australia, United States, and
Romania) tended to have less variance, than thidkdower mean values (i.e.,
Botswana, Chile, Ghana, Malaysia, Jordan, Philggin

. Theteacher qualit)compositenvas not statistically significantly associatedhwit
mean classroom parental educatiorten of fifteen countries (i.e., Australia,
Botswana, Hong Kong, Jordan, Malaysia, Palestine&hia, New Zealand,
Serbia, and Sweden), implying an equitable allocatif teacher quality in
relation to classroom socio-economic status. t€aeher qualitycompositevas
statistically significantly associated withean classroom parental education
five of fifteen countries in the sample (i.e., @iGhana, Philippines, Slovakia,
and the United States), implying an inequitablecation of teacher quality in
relation to classroom socio-economic status. Tirextion of the association
betweernteacher quality composiendmean parental educatiomas positive in
every country in the sample except New Zealand.

In seven countries (i.e. Botswana, Chile, Jordatedtine, Romania, Sweden, and

the United States), theacher qualit)compositehad a statistically significant, but

176



small effect uporaverage classroom mathematics achievem&he regression
coefficient values ranged from 2.53 to 9.83 (irstheeven countries) and R
values ranged from .03 to .15. Moreover, the ¢fbétheteacher quality
compositauponaverage classroom mathematics achievemexst not
homogenous across all countries. The regressieificdent values ranged from
-0.39 to 9.83 for the entire sample.

5. In every country in the samplmean classroom parental educatioad a
statistically significant effect upaaverage classroom mathematics achievement.
Thep coefficient values ranged from 29.95 to 68.15.

6. In every country in the sample, except in Botswédnere was not a statistically
significant effect oraverage classroom mathematics achieverfrent the
interaction betweeteacher quality composindmean classroom parental
education(as indicated by thp values ranging from .15 to .98 across the sample,
except in Botswana thevalue = .00) This meant that the impact oftdecher
guality compositevas not statistically different for classroomshaliigh and low
levels of parental education in all countries @& #ample, except in Botswana. In
Botswana théeacher quality composiiacreasedverage classroom
mathematics achievemambre in classrooms with higher levels of parental
education than in those with lower levels.

The subsequent section of this chapter discussandm findings, their
interpretation and compares them with prior redeto@rovide a broader context of the

results. The chapter concludes with recommendsafianfuture research.
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Interpretation and Conclusions

This section of the chapter discusses the findithgst interpretation and
contrasts them with the results of previous reseaspecially cross-national studies. It
also notes cases when other research has not ed@dinding or interpretation that has
emerged from this dissertation. The final sectiomsharizes the overall conclusions of

this dissertation.

Teacher Quality in Sample of TIMSS 2003 Countries

This section discusses the first and second firgliggecifically this dissertation’s
measurement of teacher quality, the characteristiogrising it, and the lack of
homogeneity across countries in the value of tlepmsite. Then, the implications of the
results are described. Finally, the section catediby comparing these findings with
previous research.

It is challenging to develop a measure of teachality, since there is no
agreement regarding its definition or the charasties that comprise it (Goe, 2007). To
overcome this difficulty, the literature presentedhis dissertation was used to select the
teacher characteristics which had a significamb@asion with student achievement.

This dissertation has shown that it is possibldeteelop a consistent composite of
teacher quality, assuming measurement invarianossall countries with 29 TIMSS
variables.

In this dissertation the me&sacher quality composite all countries was used
to examine teacher quality across countries irsémeple. Using this measure of teacher
quality, there were differences across countries]avel of teacher quality varying.

Overall, countries with higher me&gacher qualit)compositehad less variance (i.e.
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New Zealand, United States, Australia, and Romanidih a large number of
observations clustered around the high valuesleTEbshows théeacher quality
compositearranged in descending order based upon the gowiitr the highest value at

the 24" percentile (i.e., New Zealand).

Table 19

Quartiles and Mean Teacher Qualitgomposite in each Country

Country 25 Percentile 50 Percentile 75 Percentile Mean
New Zealand 4.03 5.97 6.29 3.90
United States 3.23 5.66 6.41 3.70
Australia 2.66 5.96 6.38 2.96
Romania 0.12 3.44 5.84 2.42
Slovakia -2.01 1.62 3.94 0.10
Palestine -2.37 1.96 4.87 0.61
Sweden -3.02 2.35 5.63 0.07
Serbia -3.56 2.04 5.22 -1.69
Ghana -5.27 -0.83 3.57 -1.33
Jordan -5.70 -0.80 4.37 -2.03
Malaysia -5.71 -1.57 3.50 -2.06
Hong Kong -5.88 1.46 5.75 -0.39
Botswana -7.17 -1.93 4.06 -2.37
Chile -7.51 -1.01 4.35 -2.70
Philippines -9.41 -3.41 -0.66 -4.71

As displayed in Table 19, countries such as Newadela United States,
Australia, and Romania had positive values at 8fe 80", and 78' percentile, which
suggests more uniformity in the samples in thesmit@s. In contrast, in the remaining
countries there was greater variation in the vabidke teacher quality composite from
the 28" to the 7% percentile. Thus, the uniformity of teacher otyalas measured by the
composite) was not homogenous across countrig¢geiaample, suggesting quality
teachers largely comprised the sample in some deanbut not all of them.

Before comparing the results from this dissertatiath previous research, the

measure of teacher quality, the data comprisiranid, its limitations are discussed, along
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with implications for the findings. First, measoment invariance was imposed across
countries. This meant that the same charactesiaticoss countries were utilized, and did
not allow for different combinations of variablesteacher quality across countries. In
other words, it may be the case that experienasseciated with mathematics
achievement in some countries, while teaching pegjom is in other countries. It could
also be the case that the TIMSS 2003 items didhae¢ equal meaning to the teachers
across countries because of cultural differenées.example, teachers in one country
may be equally ready to teach mathematics as thas®ther country, but they may
differ in the way they rate themselves. Measurdmmemriance ignored these potential
differences.

Second, the composite was largely composed offtheacteristics of teaching
preparation (i.e., type of teaching certificatiom garticipation in professional
development related to instructional technology mradhematics assessment) and
mathematics preparation (i.e., readiness to teathematics content, especially more
complex content), rather than experience. TIMS@2fbntained no data related to
teacher aptitude and so this characteristic wapatof the composite. As a result, only
two of the characteristics that the literature eawvindicated were associated with student
achievement comprised the measure. And so, anoitwer complete data set (containing
measures of teachers’ mathematics knowledge aagtiude) may find different results.
Thus, the composite did not fully capture teach&lity, as discussed in the literature
review.

Third, using the teacher weighmétwg) from TIMSS 2003 meant that countries

with larger samples such as the United States a&wd Aéaland dominated the pooled
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data and so were weighted more heavily in compatis@ountries with smaller samples
(i.e., Philippines and Jordan). This may haveusficed the results. Still, it should be
noted that similar factor loadings across countriege found regardless of sample size
(See Appendix B).

Despite these noted limitations, it may be inforneato contrast the
characteristics comprising (and not comprisingghea quality in the dissertation, with
what previous research has found. However, it lshio& understood that the composite
cannot pinpoint the specific importance of indivatiaharacteristics, since no regression
analysis was performed expressing student perfarenas a function of individual
characteristics. However, the factor loadingh#¢omposite give an indication of the
relative importance of each variable. The limdas of TIMSS 2003 are also discussed,
since this affected the measurement of teacheitguahich may have also impacted the
results of the dissertation.

In the United States the evidence regarding theanthat teaching certification
has upon student achievement is mixed, but theeagglis positive and stronger when
the certification is content related (e.g. matheesaf{Goldhaber & Brewer, 1997,
Golhaber & Brewer, 1998). Similarly, for this syupossessing a full certification was a
variable with relatively high factor loadings iretteacher quality composite
Certification played a relatively prominent roletire computation of the composite.
Unfortunately, TIMSS 2003 only explored whether tbacher had a full, provisional, or
emergency certification, which provided a limitedasure of teaching preparation.

Moreover, TIMSS 2003 did not ask about mathematgctfication and its requirements
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in each country. So, it is not clear whether asneaof mathematics certification is
present in the sample of TIMSS 2003 countries.

Past research in the United States has indicasé¢deaachers’ professional
development influenced classroom practices andawga student achievement: it has
been found that when teachers’ professional devedop is related to higher-order
thinking skills, diversity, hands-on learning, dmgdher-order thinking skills, it was
positively associated with achievement (Wengling802; 2000). TIMSS 2003 only
collected data on the participation in particutaits of professional development, and
did not assess the conditions, content, effectisgrend application of the professional
development. In this dissertation, participatingprofessional development related to
instructional technology or mathematics assessmerg variables with moderate factor
loadings in théeacher quality composii@ relatively prominent variables used in the
computation of the composite.

In the United States advanced degrees in conteas @auch as mathematics has a
more significant impact upon student achievemest #n advanced degree in education
(Goldhaber & Brewer, 2000; Johnson, 2000). In otoeintries, the evidence is positive
regarding higher levels of teacher education, tastdifficult to compare since the formal
levels of education vary between countries (Inger28007). However, research has not
found a consistent level which is optimally relatedgtudent achievement across
countries. In developing countries there is evidetiat both teachers’ secondary and
tertiary education levels are related to studehiesement (Fuller, 1986; Avalos, 1980;
Velez, Schiefelbein & Valenzuela, 1993). Contraryvhat would be expected, in this

dissertation the level of teacher education hadfémtor loadings for theeacher quality
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compositeand thus, were less prominent variables used indhgutation of the
composite.

Mathematics teachers’ need to understand mathesnaticesses, concepts, and
procedures, as well as the connections among tN&MNI, 1996). So, it is not
surprising that several studies in the United Stadand that teachers’ mathematics
knowledge was related to students’ mathematiceaement (Wenglinsky, 2002;
Goldhaber & Brewer, 2000; Monk & King, 1994; HiRowan & Ball, 2005; Greenberg,
Rhodes, Ye & Stancavage, 2004). In this dissertathathematics knowledge was
represented by teachers’ possessing a mathemagosedand by ratings of their
readiness to teach mathematics content. Possesgsiaghematics major did not have a
high factor loading in theeacher quality compositevhich may be contrary to what
would have been expected. It is not clear whygadn factor loading was not found. On
the other hand, teachers’ assessment of theiresslio teach mathematics content had
high factor loadings. Unfortunately, TIMSS 2008®yded no objective measures of
teachers’ mathematics knowledge, which have babkredtin other studies (Hill, Rowan
& Ball, 2005; Hill, 2007).

United States studies came to mixed conclusionstahe relationship between
teaching experience and student achievement: ire stidlies it was associated with
achievement, and in others it was not This malpdzause this relationship is complex,
since teachers in the first two to three yeardlazdeast effective ones (Murnane &
Phillips, 198; Darling-Hammond, 2000; Clotfeltegdd & Vigdor, 2006), but teachers
do not continue to increase their effectiveness linear manner with each subsequent

year. However, a study in the United States hggested that teachers with more
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experience (over 13 years or more) were signifigastated to student achievement,
especially at the high school level (Clotfelterdda& Vigdor, 2006). Because of the
mixed conclusions found by past research, it mdyaaurprising that in this
dissertation teaching experience had a low facadihg in theeacher quality
composite

In sum, the previous teacher quality research wasistent in broad terms, but it
used different datasets, different constructs arbles to measure teacher quality, and
so there was a need for this dissertation whicd assommon measure across countries.
For the purposes of this dissertation, teachertguahs measured by the composite
which reflected readiness to teach mathematiceogype of teaching certification and
participation in professional development relateéstructional technology and
mathematics assessment. Future studies with defia@ and improved methodology
may arrive at a different composite of teacher itgpiedflecting the importance of other
variables. Future studies may also find diffemesults regarding the relationship
between teacher quality and mathematics achievement

While the limitations of this dissertation shoulel inderstood, it should also be
recognized that this dissertation has improved upemeasurement of teacher quality
from studies in the United States (Darling-Hamma&@QO; Clotfelter, Ladd, Vigdor,
2005) and in one of cross-national nature (Akib&léndre & Scribner, 2007). Some of
the studies in the United States used only oneatali, such as certification (Darling-
Hammond, 2000) or one characteristic such as expezi(Clotfelter, Ladd, Vigdor,
2005). Akiba and his colleagues measured teaakadityjwith only three variables:

certification, mathematics major, and years of eepee, which did not adequately
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reflect the multi-dimensional characteristics @dieer quality, as discussed in the
literature review of this dissertation. Moreouiiese authors aggregated the data to the

national level, thus losing much of the variancess students and classrooms.

Allocation of Teacher Quality in relation to Classpm Socio-Economic Status

This section discusses the third finding, spediffdhe allocation of teacher
guality in relation to classroom socio-economidisgta Then, the implications of the
results are described. Finally, the section catedlby comparing this finding with
previous research.

Data analysis in the previous chapter revealedttiedeacher quality composite
was statistically significantly associated wittean classroom parental education
Chile, Ghana, the Philippines, Slovakia, and théddinStates, with a positive association
in all of them. This suggests that teacher qualayg allocated in relation to classroom
socio-economic status, demonstrating an inequitdistebution of teacher quality in
these countries. In comparison, a statisticaipiicant association was not present in
the remaining countries in the sample (i.e., Auisty®8otswana, Hong Kong, Jordan,
Malaysia, Palestine, Romania, New Zealand, Seaid,Sweden). This suggests that
teacher quality was not allocated in relation sissfoom socio-economic status,
indicating an equitable distribution of teacherlgyan these countries, at least in
relation to socio-economic status. Thus, theiahip between thieacher quality
compositeandmean classroom parental educatias not homogenous across countries
in the sample. The United States (and a few atbentries in the sample) had an
inequitable allocation of teacher quality, whichswept observed within all the countries

in the sample.
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Consistent with the results of this dissertati@sgearch in the United States
(Loeb, 2001; Goe, 2002; Betts, Rueben & Daneni#Q0; Lankford, Loeb & Wyckoff,
2002; Provasnik & Young, 2003; Greenberg, Rhodes&YStancavage, 2004) and in
some Africa countries (in Mauritius see Kulppoo &0Barane, 2005; in Namibia see
Shaningwa, 2005; across Africa see Zhang, 2005alsagevealed that teacher quality
was statistically significantly associated withdgats’ socio-economic status. Akiba and
his colleagues examined the opportunity gap instequalified teachers in TIMSS
2003 countries (Akiba, LeTendre & Scribner, 200They defined the opportunity gap
as the difference between the percentages of Imdthoav socio-economic status students
who were taught by qualified teachers. Countriesewanked based upon this definition
of opportunity gap. The United States, Chile, &yaind Taiwan had the largest
opportunity gap in the sample of 39 countriescdmparison, Ghana, Malaysia,
Moldova, New Zealand, Morocco, Iran, and the Philyes had the smallest opportunity
gap in the sample of 39 countries. Thus, therewesas of agreement and disagreement
between the findings of this dissertation and Aldabd his colleagues cross-national
study of teacher quality. Both studies found teather quality in the United States and
Chile was associated with students’ socio-econataittis. However, some of the
countries where this dissertation found the extenf statistically significant
associations between tteacher quality composiedmean classroom parental
educationwere not found by Akiba, LeTendre & Scribner (2D@vhave these
associationd® The contradictory findings may be the resulthef difference in how this
dissertation and their study measured teachertgutde level of analysis, and the

methodology employed to assess its associationsitithents’ socio-economic status.

%3 These countries included Philippines, Ghana, dodsRia.
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Effect of Teacher Quality upon Mathematics Achievent

This section discusses the fourth, fifth, and sfktbings, specifically the effect
of teacher quality upon mathematics achievemealtiidting interaction effects in relation
to classroom socio-economic status. Then, theigaipdns of the results are described.
Finally, the section concludes by comparing th@sgirigs with previous research.

The previous chapter showed that td@cher quality compositead a statistically
significant effect upomverage classroom mathematics achievernmeséven of the
countries in the sample (i.e., Botswana, Chileddoy Palestine, Romania, Sweden, the
United States, and all countri@s but the effectvas small, as indicated by the regression
coefficient values, which ranged from 2.53 to 9.&38addition, the amount of variance
explained by théeacher quality composiia these countries ranged from approximately
three (i.e. Palestine and Romania) to thirteengrer@.e. Chile). In the United States,
theteacher quality compositeccounted for seven percent of the variance inagee
classroom mathematics achievement. Howevetgtngher quality compositead a
statistically insignificant effect upcaverage classroom mathematics achievenment
Australia, Ghana, Hong Kong, Malaysia, New Zeald&dlippines, Serbia, and Slovakia.
The regression coefficient values ranged from -@a38.59. The amount of variance
explained by théeacher quality composiia these countries ranged from zero to
approximately two percent. Thus, across countheseffect of teacher quality upon
average classroom mathematashievemenivas not homogenous.

Mean classroom parental educatiererted a statistically significant effect upon

average classroom mathematics achievenreavery country. The regression

** The sample comprising all countries was based ppoted data.
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coefficient values ranged from 29.95 to 68.15. &twer, the Rin the regression
equations containinghean classroom parental educati@nged from .16 to .76, which
was much higher than thé R the equation with only thieacher quality composite

In addition to the impact that teacher quality bh@dn mathematics achievement,
this study also tested whether the effect of teagbality differed based upon classroom
socio-economic status. This dissertation fountdtthainteraction term (i.e., product
term ofteacher quality composindmean classroom parental educafiamas not
statistically significant in any of the regressexjuations estimated for the countries in
the sample. The regressiooefficient values for these countries ranged fr8ri6 to
2.94, except in Botswana the regression coeffiorahte was 3.15. This signifies that
the impact of théeacher quality compositgas not statistically different for classrooms
with high and low levels of parental education lircauntries of the sample, except
Botswana. In Botswana theacher quality composiiacreasedverage classroom
mathematics achievemambre in classrooms with higher levels of pareathication
than in those with lower levels. It is not cledrynan interaction effect was found in
Botswana, but not in the remaining countries indaeple.

These results focus attention on teacher qualityp& which has received much
attention from policymakers, researchers, and pi@uoers. Some policymakers advocate
teacher quality as the means to increase studemvarnent (National Commission on
Mathematics and Science Teaching for th& @éntury, 2000; Darling-Hammond, 1997).
A report from the National Commission on Mathenstod Science Teaching for the
21 Century suggested (2000):

The most direct route to improving mathematics secidnce achievement for all
students is better mathematics and science teachiihg evidence for the effect
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of better teaching is unequivocal. The most céestsand most powerful
predictors of higher student achievement in mathieshand science are: full
certification of the teacher and a college majahmfield being taught.
Conversely, the strongest predictors of lower sttdehievement are new
teachers who are uncertified, or who hold less thamnor in their teaching field

(p. 18).

However, the results from this dissertation indéddiat teacher quality (as
measured by the composite) had a statisticallyifsegnt, but small effect upoaverage
classroom mathematics achievemienbnly seven countries, and statistically
insignificant effect in the remaining countriesie sample. Moreover, no interaction
effect between teacher quality and classroom palreducation was found in any of the
countries, except Botswana. This suggested thatruwattain conditions teacher quality
mattered for student achievement and its effechdidvary based upon classroom socio-
economic characteristics. In comparison, studdr@skground characteristics (as
measured by classroom parental education) wengya teeterminant adiverage
classroom mathematics achievemiangvery country in the sample. This implies thet
effect of teacher quality may not match the rhetstiggested by policymakers, since
simply improving teacher quality without addressihg social and economic causes of
low achievement may not result in increased achneve of all students.

How do the results from this dissertation compaita previous research?
Research in the United States has found that temelseount for approximately 7.5
percent of the variance in student achievement (slagk, Kain, & Rivkin, 1998; Nye,
Konstantopoulos & Hedges, 2004). Therefore, thdifigs of this analysis were
consistent with previous research in the UnitedeStdinding a modest impact. The one
cross-national study of teacher quality conductedkiba and his colleagues did not

examine the effect that teacher quality had in éadividual country in the TIMSS 2003
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sample (Akiba, LeTendre, & Scribner, 2007). Indte&kiba and his colleagues assessed
the relationship between teacher quality and natiachievement using national level
data pooled from 29 countries. They concludedcdbantries where higher percentages
of eighth graders were taught by fully certifieddkers, by teachers with a mathematics
education major, and by teachers with at leastaBsyef teaching experience, achieved
significantly higher national average mathematas e than the other countries. Since
no other cross-national study has examined thiscsthis dissertation may be one of the
first to provide estimates of the impact of teadngality upon mathematics achievement
across a sample of countries.

The studies in the United States which have exainivieether student
characteristics interact with teacher quality hewme to opposite conclusions. In one
study, teachers with stronger credentials were raffeetive in raising the achievement
of more economically advantaged students (Clotieltedd & Vigdor, 2006). Similarly,
Monk & King (1994) found that students with highepest scores in mathematics were
more adversely affected by variability in the pregian level of their teachers than were
students with low pretest scores. This could nteahstudents with higher test scores
need teachers with high levels of subject mattemktedge in order to continue to make
achievement gains. However, Rowan, Chiang anceMilund that teacher effects
varied as a function of the ability context of 8whool (1997). Rowan and his colleagues
concluded that teachers’ ability was substantivalyortant in schools with high
percentages of low achieving students, which ingpdieneed for quality teachers in these
schools. Thus, evidence in the United Statesnflicong regarding how student

characteristics interact with teacher quality artédrnational and cross-national studies
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have not examined this aspect. So, it is diffitmiéay whether these findings are
consistent with past research.

The final comparison between the results of théselitation and previous studies
relates to the influence of student backgroundaattaristics. Studies in the United
States (Coleman et al., 1972), other countrie€fitle see McEwan, 2002; in Canada see
Ma & Klinger, 2000) and cross-national (Organizatfor Economic Cooperation and
Development [OECD], 2001) have also found thate@cionomic status is a major
determinant in student achievement and that satf@ohcteristics exerted much smaller
influence in comparison. For example, an inteorati reading survey of 15 year olds,
conducted in 2000 found a strong relationship magt every nation between parental
occupation and student literacy (OECD, 2001). gée between literacy of children of
the highest and lowest status workers within a tguraried, with the United States
having a smaller gap than countries such as Germwatchyhe United Kingdom, but larger
than Scandinavian countries and Korea (OECD, 200hys, the inability of schools to
overcome the disadvantage of less educated horkgroands seems to be a cross-
country reality. Children from higher socio-econorstatus backgrounds come to school
with more skills and are more prepared to learn tttaldren from lower classes
(Rothstein, 2004).

Within educational comparative literature, it h@gb accepted that the lower the
income of the country (as measured by GDP), th&karghe influence of pupils’ social
status on achievement, which is known as the Hegndroxley [HL] Effect (Heyneman
& Loxley, 1983). Heyneman & Loxley (1983) foundatithe proportion of achievement

variance due to school factors was 22-27% for el countries and 81-90% for
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developing countries. For this reason, it wasdveld that in less developed countries the
effect of school variables on academic achievenmeptimary school was comparatively
greater. In this dissertationean classroom parental educatwas found to exert a
significant effect upomverage classroom mathematics achievernreavery country,
regardless of level of development (i.e., regressmefficient values ranged from 29.95
to 68.15). Thus, the results of this dissertationtradict the HL Effect, since the
regression coefficients did not differ based onrtleel of economic development.
Similar results were obtained by Baker, Goeslind,efendre (2002) who analyzed the
HL Effect with data from TIMSS 1995, utilizing OL&hd HLM to compare the relevant
influence of school-quality and family-backgrourthcacteristics on student
achievement. Baker and his colleagues reporteaditbdiL effect was diminishing,

since the relative effect of school resources andilf background on achievement
within countries was no longer associated withareti level of income of the country in
the way originally found. In other words, less eleped countries did not show stronger
school effects, and the amounts of variance atatida to family background were
similar across countries regardless of their nafiomcome. My findings support the
vanishing HL Effect reported by Baker and his cadjees (2002).

One reason why family background characteristicg n@ve a consistent effect
upon student achievement, regardless of the cdaréwel of development is, as
suggested by Baker and his colleagues (2002) atftatat since 1970 there has been
increased investment in education in developingitraes. There is evidence that as
educational resources as a percentage of GDP s&ree educational indicators also

improve (Caceres, 2007). The additional educaticesdurces may have resulted in
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similar minimum levels of curricula, teaching, amdources across countries. This means
that additional investments in education by the sveloped countries may have
reduced the large differences in school resouretgsden developed and developing
countries.

Another reason my findings may suggest a disappg&tl Effect is that over the
past few decades parents across countries havenbeuore educated. More educated
parents have higher earnings and are thus abhwésti additional resources in their
children’s schooling and provide an educationafisiahing environment, which supports
their children’s learning. In contrast, a familyésv socio-economic status and education

translate into fewer learning opportunities (Saxeberman, & Gearheart, 1987).

Overall Conclusions of the Dissertation

Based upon this discussion, there are three ovaratllusions to this dissertation:
1. Theteacher quality compositeas statistically significantly related &verage
classroom mathematics achievemiangeven countries (i.e., Botswana, Chile,
Jordan, Palestine, Romania, Sweden, the UnitedsStad all countries), with
the regression coefficient values ranging from 2668.83 and the Ranged
from .03 to .15. However, theacher quality composite@as not statistically
significantly related t@verage classroom mathematics achievermretite
remaining countries (i.e., Australia, Ghana, Horuné, Malaysia, New Zealand,
Philippines, Serbia, and Slovakia), with the regi@s coefficient values ranging
from -0.39 to 2.59. Therefore, the influencee#dher quality (as measured by

teacher quality composit@eipon mathematics achievement (as measured by
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average classroom mathematics achievejngas not homogenous across
countries.

. Teacher quality (as measuredtbgicher quality compositevas not statistically
significantly associated witnean classroom parental educatiorten countries
in the sample, but it was statistically signifidgrassociated witimean classroom
parental educationin Chile, Ghana, Philippines, Slovakia, and thetéd States.
This suggests that in these countries the allotcatiquality teachers was related
to classroom socio-economic status (as measuredreyntal education) and was
not uniformly distributed.

It was not possible to perfectly represent and oresteacher quality, with
respect to the theoretical perspectives presentttkiliterature review, because
the data contained in TIMSS 2003 suffers from seviamitations. Efforts should
be undertaken to improve future cross-national daliaction so that surveys
contain objective measures of teachers’ aptitudenaathematics knowledge.
Surveys should also solicit information relatedeachers’ preparation,
professional development, and instructional prastitntil improved data is

available, the measurement of teacher qualitynatiadvance.

Recommendations for Future Research

As previously noted, there is no agreed upomdefn of teacher quality and the

characteristics that comprise it. This dissertatiannot resolve this issue. Advances in

defining and measuring teacher quality may occugmimproved data is available.

Thus, the recommendation that comes from this degsen is related to future research,

specifically (1) changes to future cross-natiorahccollection, (2) methodological
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improvements for the measurement of teacher qualig (3) future teacher quality
research. Before the discussing these recommendathe limitations to this study and

TIMSS 2003 are described.

Limitations with TIMSS 2003

As previously noted, TIMSS 2003 data had many ations, particularly notable
absent areas of data. For example, there weratacod family income, parents’
occupational status, family size, family structusge, and ethnicity. There was also no
data about the type or location of schools, whidul have been useful for examining
the allocation of teacher quality.

The data that was utilized in this study for teachelity only related to
measurable teacher characteristics (i.e. yearspgrence, certification, participation in
professional development, and level of educatiol)taachers’ self-assessment of their
readiness to teach mathematics. It did not inctiata about instructional practices,
measure of mathematics knowledge, teaching preparar measure of teachers’
aptitude, which are important for teacher qualitg dave been shown to be related to
student achievement (King-Rice, 2003; Wayne & Yayrg03). TIMSS 2003 also did
not explore teaching certification requirementsach country, which would have
provided important contextual information to knoemhcomparable a teaching

certification is across all the countries in thenpée.

Improvements in Future Cross-National Data Colleati

Future cross-national data collection efforts nfagstome more refined if we want

to understand teacher quality and the charactsigiat compose it. The data collection
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must be designed to include deeper and more de@éa about teacher characteristics,
teaching behaviors, instructional practices, subjeaiter knowledge, preparation, and
aptitude. For example, TIMSS 2003 asked teachkether they had attended
professional development in the past two years, pfefessional development appears
to be most effective when it is embedded withingheiculum and context of how
students learn, uses active learning opportuni@egs reviewing student work, reviewing
lessons and obtaining feedback on teaching), aod-going and in-depth (Desimone, et
al., 2002; Garet, et al., 2001). TIMSS 2003 ditassess the conditions, content,
effectiveness, and application of the professioleakelopment. These aspects would
provide important information to link training witkaching practices and its relation
with student achievement.

In addition, TIMSS 2003 did not collect data regagdeachers’ aptitude or
measure subject-matter knowledge, which the liteeashows are characteristics most
strongly related to student achievement (Hanush&&in, 2004; Monk & King,

1990). Objective measures of teachers’ content keaye (Hill, Rowan & Ball, 2005;

Hill, 2007) have been utilized in past researchandld enhance future large-scale
assessments. These measures could be incorporatégture data collection efforts,
which would improve a significant limitation withihe current data. Finally, future
cross-national data collection efforts should espleaching behavior so that direct links
between teacher characteristics, behavior, anéstuitcomes can be examined.

To do this, experts within the field of teacher lgyanust play a greater role in
the design and development of survey items forréutiata collection efforts. The

previously noted gaps in the data have limited TBVBR03 usefulness for addressing
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guestions that are of central concern to policymsaked researchers about teacher
quality. Thus, advancements in defining and meagueacher quality, its
characteristics, and effects upon mathematics aefment will only be possible when

better data is collected (and then analyzed).

Methodological Limitations with this Dissertation’Measurement of Teacher
Quality

As previously noted, there have been limitationthemethodology, as well as
violations to some of the assumptions to conduetidita analysis. First, to compute the
factor score using principal component analysigai$ necessary to aggregate the data to
the classroom level to avoid violating the indepara of observation assumption. As a
result, the variables related to parental educatrmhmathematics achievement also had
to be aggregated to the classroom level, which bteahthe variances in the classroom
were not properly modeled. Moreover, as datagsegated to higher levels, there is
concern of finding more positive effects than witda measured at the student level
(Hanusheck et al, 1996). Second, the data andagaiwiques used in this study have not
appropriately accounted for the type and levelathdsince some variables were
dichotomous. Third, in this dissertation measumgnevariance was imposed in order to
obtain a consistent measure across countries.ti;ae data analysis was complicated

by the complex sampling design of TIMSS 2003.

Methodological Improvements to Measure Teacher Qual
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Future research can improve upon the previouslgdclimitations by using
Ordinal Indicator Confirmatory Factor Analysis ((H€) (Joreskog, 2002), which would
permit the use of various types of variables @antinuous, ordinal, categorical).
Moreover, Ordinal Indicator Confirmatory Factor Ayms can address multi-level data
and so it would not be necessary to aggregateatze dvioreover, this technique is more
accurate than factor analysis using principal camepb analysis, since measurement
error is minimized. Future studies should util¢plus, a multivariate software, which
has the capability to conduct Ordinal Indicator fdomatory Factor Analysis and
integrate design and population weights into ilysis, which is needed with databases
such as TIMSS 2003, which have complex samplinggdes A future study utilizing

this methodology and software would address thedtmons noted in this study.

Future Teacher Quality Research

Future research can explore additional topicgedlto teacher quality, which this
dissertation did not address. For example, it didndl helpful to conduct an in-depth
study of countries which my analysis has reveabatidnhigh level of teacher quality and
had no association with students’ socio-econonaitust As well, a study which
examines the policies pursued and the role of tvermyment to achieve equity in the
distribution of teacher quality would provide udefformation to policymakers in the
United States and other countries. It would befaélo learn what policies were
employed to attract and retain high quality teashetow performing schools, especially
in countries with competitive labor markets. Datelysisndicated that countries such

as Australia, New Zealand and Sweden, which hagerdealized educational systems,

198



uniformity of teacher quality, and had no assoociabetween teacher quality and
classroom socio-economic status, would be ideahtti®s to analyze in more detail.
This study did not explore the possibility of me@sy teacher quality without
imposing measurement invariance. This topic wiligh to reveal if different variables
comprise teacher quality in different countries.addition, it would be helpful to
compare the effect of teacher quality to other sthesources, to examine the relative
importance of various inputs to the learning preceBhis could advance the debate of

what matters for student achievement: school atesticharacteristics.

Final Implications of Dissertation

By tapping into the full range of variation in tb&c quality provided by international
data, this dissertation was able to answer somstigne that would not have been
possible to answer solely by examining data froenUhited States. Before this
dissertation, little was known cross-nationally aisiine level of teacher quality, its
association with students’ socio-economic statnd,impact upon mathematics
achievement, including interaction effects. Thigly was able to shed new light into
this topic, by confirming and contradicting findsffom past cross-national studies. In
order to conclude this dissertation, final reflens about the findings and their
implications are discussed.

This study developed a composite of teacher quiadéised upon 29 TIMSS 2003
variables. The composite was largely composee@léassessments of teachers’
readiness to teach mathematics content, type tfication, and participation in
professional development related to instructioeehhology and mathematics

assessment. While these measures reflect teaghthgathematics preparation, they
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may not be the best indicators of these charatitsisFor example, self-assessment
measures may not reflect teachers’ actual levetdadiness or familiarity with
mathematics content. Moreover, self-assessmeatislatibject to bias, since teachers
may overstate (or understate) their skills, knowtedr ability.

As well, the other TIMSS 2003 variables comprisiing composite did not examine
what teachers know and do. TIMSS 2003 only cdledfiormation related to
certification, years of experience, participatiorprofessional development, and level of
education. Yet, it is not the number of yearseaiching experience that makes teachers
effective, but their knowledge and skills. Unforaely, TIMSS 2003 did not provide
information about teaching behavior and matheméticsvledge. Direct measures
related to teachers’ behavior and knowledge masr effore promise for capturing
teacher quality, than the characteristics that teeen utilized in this dissertation.

Because of limitations with the data and the prasip noted methodological
limitations, this study measured teacher qualitgenfectly. However, the composite in
this dissertation is an improvement in the measergrof teacher quality from previous
studies in the United States (Darling-Hammond, 2@6tfelter, Ladd, Vigdor, 2005)
and in one of cross-national nature (Akiba, LeTer&iScribner, 2007). Some of the
studies in the United States used only one indicatech as certification (Darling-
Hammond, 2000) or one characteristic, such as extpmr (Clotfelter, Ladd, Vigdor,
2005). Akiba and his colleagues measured teaakadityjwith only three variables:
certification, mathematics major, and years of eéepee, and aggregated the data to the

national level, thus losing much of the variancess students and classrooms.
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Based on the composite used in this dissertagachier quality was not homogenous
across countries. In some countries such as titedJ&tates, New Zealand, Australia,
and Romania, most of the sample had high compssttees, suggesting more uniformity
within these countries. In contrast, most of thegle in Chile, Botswana, Ghana,
Jordan, Malaysia, and Philippines had low compositaes and large variances,
suggesting a lack of uniformity of teacher quatiharacteristics in these countries. This
may not be surprising when you consider differeram@ess countries related to training,
professional development, and resources devottdekteducational system. The overall
level of funding for education across countriestowes to be substantially large (Baker,
Goesling, LeTendre, 2002). More developed counsieh as the United States provide
more training and have higher entry requiremera the teaching field (Akiba,

LeTendre, Scribner, 2007), in comparison to les®ldged countries. Wider variations
in school quality have been noted in less develmoeditries (Fuller, 1986), so it seems
plausible to infer that wide variation may alsosexn teacher quality across countries,
which may be the result of the ability of some doies to better fund education and
teacher development than others.

The topic of teacher quality distribution in retatito student socio-economic status
has been studied less outside the United Stamshe®ore this dissertation we have not
known whether teacher quality has been distribaotece equitably in other countries
than has been in the United States. This disgartbdund that teacher quality was
allocated equitably in relation to classroom sa@onomic status in most countries in the

sample, except in the United States, Chile, Gh@hdippines, and Slovakia.
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Some have found that the retention of quality teezin the United States is difficult
in high-poverty schools (Darling-Hammond, 2000; ttdther, Ladd & Vigdor, 2006;
Darling-Hammond & Sykes, 2003). Others have suggethat high-poverty schools in
the United States tend to have less favorable wgr&onditions (Lui, Moore-Johnson &
Peske, 2004), giving rise to limited support fadeers (Johnson, Kardos, Kauffman, Liu
& Donaldson, 2004), student behavior problems (EBatn2006) and high teacher
turnaround (Guarino, Santibanez & Daley, 20069ould not find studies of working
conditions in the countries that this dissertatmmd to have an inequitable allocation of
teacher quality in relation to classroom socio-eroitc status (i.e., Chile, Ghana,
Philippines, or Slovakia). Thus, future reseattbusd explore the working conditions
across countries to determine whether their workmmditions have the same effect as in
the United States.

In this dissertation teacher quality had an incstesit effect upon mathematics
achievement across countries. This may be durdalissertation’s imperfect
measurement of teacher quality. Better data mayige a more accurate measure of
teacher quality and hence, its effects upon mathesnachievement. So, the limitation
in the composite may be one possible reason famtbest and inconsistent effect that
teacher quality had upon mathematics achievemehtsrdissertation.

Another possible explanation is that teacher guabis a less determinant effect
upon mathematics achievement, in comparison teestutharacteristics. As my data
analysis and other studies have shown, family éthrcand socio-economic status is a
strong predictor of achievement (in Pakistan sdafBan et al, 1997; in South Africa see

Case & Deaton, 1999; in Ghana see Glewwe & Jad®84). This suggests that teacher
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guality alone will not narrow the achievement gapaeen high and low income students
(Akiba, LeTendre & Scribner, 2007). Perhaps, aplication of this study is the need to
recognize that one particular school input sucteashers, while important, cannot offset
or counteract the many varied disadvantages tlzati@¢o children from low income
families (Coleman, 1990; Laureau, 2003). For te&son, additional compensatory
policies targeted to low socio-economic studeras slaldress the socio-economic

disadvantages and improve student learning shautmbbsidered.
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Appendix A
Syntax for Teacher Quality Factor Scorefor All Countriesin Sample

matrix data variables = btbgta_1 btbgfe_1 btbmps_1 btbmps_2 btbgte_1 btbmre_1 btbmre_2 btbmre_3 btbmre_4 btbmre_5 btbmre_6 btbmre_7 btbmre_8 btbmre_9
btbmr_10 btbmr_11 btbmr_12 btbmr_13 btbmr_14 btbmr_15 btbmr_16 btbmr_17 btbmr_18 btbmpd_1 btbmpd_2 btbmpd_3 btbmpd_4 btbgpd_1 btbmpd_5 /n = 2029.
begin data.

1

0.076 1

0.015-0.054 1

-0.021 0.013 0.046 1

0.161 0.027 -0.033 0.062 1

0.069 0.232 -0.005 0.057 -0.002 1

0.081 0.176 0.066 0.102 -0.019 0.709 1

0.092 0.258 0.09 0.127 -0.014 0.523 0.508 1

0.022 0.124 0.109 0.164 0.028 0.544 0.546 0.595 1

0.088 0.22 0.1150.108 -0.038 0.503 0.555 0.634 0.728 1

0.114 0.259 0.136 0.113 0.008 0.431 0.463 0.574 0.607 0.695 1

0.113 0.205 0.043 0.088 0.009 0.491 0.488 0.549 0.481 0.529 0.522 1

0.124 0.275 0.045 0.078 0.048 0.468 0.483 0.507 0.458 0.535 0.522 0.71 1

0.175 0.274 0.023 0.078 -0.004 0.376 0.413 0.519 0.451 0.502 0.59 0.629 0.669 1

0.18 0.217 0.022 0.101 0.027 0.379 0.439 0.486 0.458 0.515 0.58 0.596 0.589 0.707 1

0.094 0.156 0.151 0.098 0.003 0.437 0.507 0.466 0.507 0.481 0.413 0.482 0.446 0.473 0.439 1

0.097 0.163 0.098 0.129 -0.011 0.499 0.539 0.529 0.531 0.503 0.456 0.531 0.466 0.537 0.501 0.707 1

0.049 0.185 0.157 0.186 -0.046 0.382 0.453 0.474 0.517 0.565 0.527 0.442 0.408 0.474 0.468 0.559 0.601 1

0.102 0.161 0.081 0.123 0.034 0.364 0.373 0.553 0.455 0.462 0.484 0.534 0.536 0.597 0.56 0.494 0.588 0.526 1

0.036 0.231 0.132 0.142 0.007 0.334 0.346 0.502 0.404 0.463 0.5 "0.479 0.489 0.542 0.52 0.367 0.399 0.472 0.589 1

0.044 0.237 0.047 0.116 -0.065 0.347 0.337 0.476 0.382 0.448 0.441 0.479 0.476 0.505 0.454 0.376 0.41 0.404 0.518 0.752 1

-0.002 0.266 0.019 0.16 -0.061 0.38 0.402 0.51 0.435 0.474 0.42 0.464 0.473 0.482 0.456 0.464 0.513 0.487 0.539 0.610 0.653 1

0.089 0.322 0.096 0.106 0.022 0.363 0.4 0.512 0.437 0.521 0.52 0.521 0.592 0.572 0.512 0.441 0.485 0.45 0.589 0.633 0.638 0.694 1

0.031 0.086 0.045 0.075 0.023 0.117 0.171 0.099 0.127 0.137 0.129 0.065 0.102 0.109 0.091 0.19 0.122 0.112 0.111 0.118 0.107 0.1350.12 1

0.00 0.096 0.063 0.119 0.045 0.112 0.135 0.138 0.116 0.145 0.125 0.05 0.096 0.116 0.107 0.184 0.112 0.167 0.132 0.180 0.160 0.143 0.114 0.508 1

0.043 0.164 0.028 0.115 0.052 0.139 0.179 0.151 0.146 0.19 0.163 0.099 0.167 0.168 0.136 0.191 0.116 0.136 0.135 0.145 0.116 0.157 0.165 0.475 0.502 1

0.069 0.189 0.067 0.137 -0.019 0.15 0.1250.19 0.168 0.178 0.16 0.146 0.172 0.153 0.131 0.17 0.134 0.147 0.201 0.220 0.203 0.25 0.236 0.325 0.333 0.406 1
0.028 0.095 0.008 -0.003 -0.039 0.085 0.094 0.077 0.084 0.107 0.095 0.046 0.067 0.089 0.108 0.094 0.071 0.063 0.102 0.157 0.151 0.135 0.104 0.371 0.412 0.351 0.361 1
0.100 0.146 0.109 0.077 -0.002 0.087 0.148 0.183 0.154 0.2250.233 0.111 0.151 0.190 0.181 0.174 0.111 0.154 0.147 0.206 0.21 0.195 0.219 0.428 0.406 0.401 0.326 0.489 1
end data.

factor

/matrix=in (cor=%*)

/analysis = btbgta_1 btbgfe_1 btbmps_1 btbmps_2 btbgte_1 btbmre_1 btbmre_2 btbmre_3 btbmre_4 btbmre_5 btbmre_6 btbmre_7 btbmre_8 btbmre_9 btbmr_10 btbmr_11
btbmr_12 btbmr_13 btbmr_14 btbmr_15 btbmr_16 btbmr_17 btbmr_18 btbmpd_1 btbmpd_2 btbmpd_3 btbmpd_4 btbgpd_1 btbmpd_5 / print=default fscore
Iplot=eigen /criteria=factors (1) /extraction=pc.
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Appendix B
Factor Loadings for each Country in Sample

TIMSS 2003 Variable Australia Botswana Chile Gda
Years experience .34 .26 -.30 -.08
Full certification .03 .18 .24 14
Mathematics major .38 .02 .30 A2
Mathematics education major .25 -.01 51 14
Level of education .19 .00 =11 -.02
Very ready to teach numbers-decimals .81 .53 .70 44
Very ready to teach numbers-integers .59 .60 .52 .61
Very ready to teach algebra-pattern .88 51 75 .67
Very ready to teach algebra-equations .88 .64 .78 .34
Very ready to teach algebra-equivalent .87 .69 9 7 .58
representations

Very ready to teach algebra- attributes .88 .76 76 . .67
Very ready to teach measurement- .78 .59 72 52
estimation

Very ready to teach- computation .76 .70 .73 4 6
Very ready to teach- estimation measures .79 .76 71 .73
Very ready to teach estimation- precision .74 .68 72 .70
Very ready to teach geometry- 75 .53 72 45
Pythagorean Theorem

Very ready to teach geometry- congruent .83 .69 74 . .39
figures

Very ready to teach geometry- .82 74 .76 .57
Cartesian plane

Very ready to teach geometry- translation .81 .52 .65 .50
Very ready to teach data- sources of error .77 71 .73 .58
Very ready to teach data collection .83 .66 74 .53
Very ready to teach data characteristics .80 .73 .73 .59
Very ready to teach data- simple probability .80 73 . .70 .65
Participation in professional development .20 .15 .19 .19
critical thinking

Participation in professional development .18 .15 .25 .20
mathematics content

Participation in professional development .27 21 .28 .30
mathematics pedagogy

Participation in professional development .26 .19 19 A7
mathematics assessment

Participation in professional development- -.03 1.1 14 .08
mathematics curriculum

Participation in professional development- .17 .09 .32 .25

mathematics instructional technology
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TIMSS 2003 Variable Hong Kong Jordan Malaysia Nesaland
Years experience .10 -.10 -.04 31

Full certification .26 .23 .13 .00
Mathematics major .05 .00 .10 .25
Mathematics education major .07 17 .01 .18
Level of education -12 -.10 -12 43
Very ready to teach numbers-decimals .82 71 .67 .82
Very ready to teach numbers-integers .83 a7 .63 .76
Very ready to teach algebra-pattern 72 .63 .67 .79
Very ready to teach algebra-equations .79 .83 3 7 .84
Very ready to teach algebra-equivalent .75 .81 76 . .84
representations

Very ready to teach algebra- attributes .76 .76 74 .81
Very ready to teach measurement- .69 .66 .64 .69
estimation

Very ready to teach- computation .84 71 .68 74 .
Very ready to teach- estimation measures .74 .67 .66 .82
Very ready to teach estimation- precision .77 71 73 .73
Very ready to teach geometry- .65 74 .65 73
Pythagorean Theorem

Very ready to teach geometry- congruent .75 72 .61 .86
figures

Very ready to teach geometry- 71 .81 .68 .82
Cartesian plane

Very ready to teach geometry- translation .66 .79 .60 .80
Very ready to teach data- sources of error .73 3 .6 .67 .70
Very ready to teach data collection .78 .65 .54 .67
Very ready to teach data characteristics 77 .82 .66 75
Very ready to teach data- simple probability .75 .80 .67 .82
Participation in professional development .12 .06 .08 -.02
critical thinking

Participation in professional development .04 -.06 A1 .09
mathematics content

Participation in professional development .10 14 .08 14
mathematics pedagogy

Participation in professional development .23 15 .06 .08
mathematics assessment

Participation in professional development- .05 7-.0 .02 -.01
mathematics curriculum

Participation in professional development- .20 0.1 .13 19

mathematics instructional technology
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TIMSS 2003 Variable Palestine Philippines  Romania Serbia
Years experience 27 -.05 .07 -.15
Full certification A1 A1 .09 .36
Mathematics major -.06 .06 31 -.03
Mathematics education major .27 13 -.04 -.04
Level of education .02 -.14 .10 14
Very ready to teach numbers-decimals 71 .64 .60 .92
Very ready to teach numbers-integers .33 .56 .62 91
Very ready to teach algebra-pattern .55 .50 .60 .82
Very ready to teach algebra-equations 51 72 .69 .93
Very ready to teach algebra-equivalent 44 .66 .55 .94
representations

Very ready to teach algebra- attributes 71 .55 6 .6 .93
Very ready to teach measurement- 51 72 .67 9 .8
estimation

Very ready to teach- computation .78 .70 .68 .88
Very ready to teach- estimation measures .72 .73 66 .84
Very ready to teach estimation- precision .76 .55 .70 .79
Very ready to teach geometry- .03 .68 .67 .93
Pythagorean Theorem

Very ready to teach geometry- congruent .45 .73 4 5 .92
figures

Very ready to teach geometry- .58 .68 .59 .92
Cartesian plane

Very ready to teach geometry- translation .61 a7 A7 .90
Very ready to teach data- sources of error .72 .66 .65 .33
Very ready to teach data collection .62 .64 .55 .35
Very ready to teach data characteristics .65 74 46 41
Very ready to teach data- simple probability .72 8 .6 .57 .38
Participation in professional development .21 15 .20 .32
critical thinking

Participation in professional development .30 144 215 31
mathematics content

Participation in professional development .27 .10 19 .26
mathematics pedagogy

Participation in professional development .25 .09 .23 .24
mathematics assessment

Participation in professional development- .11 .15 31 .27
mathematics curriculum

Participation in professional development- .21 A2 .28 .25

mathematics instructional technology
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TIMSS 2003 Variable Slovakia Sweden United States
Years experience 12 .02 .26

Full certification -11 19 .29
Mathematics major -.07 41 24
Mathematics education major .01 .33 .30
Level of education -.06 .00 .02
Very ready to teach numbers-decimals .69 .76 .54
Very ready to teach numbers-integers 72 74 .66
Very ready to teach algebra-pattern .68 74 .80
Very ready to teach algebra-equations .63 a7 75
Very ready to teach algebra-equivalent 74 .78 1.8
Representations

Very ready to teach algebra- attributes 72 .78 77 .
Very ready to teach measurement- .68 .79 .78
estimation

Very ready to teach- computation .63 .82 .76
Very ready to teach- estimation measures .68 .83 72
Very ready to teach estimation- precision .58 .73 .70
Very ready to teach geometry- .65 .82 g7
Pythagorean Theorem

Very ready to teach geometry- congruent .74 .79 75 .
figures

Very ready to teach geometry- .69 .79 g7
Cartesian plane

Very ready to teach geometry- translation .60 74 .78
Very ready to teach data- sources of error .59 .64 .69
Very ready to teach data collection .53 .61 .69
Very ready to teach data characteristics .52 .63 .83
Very ready to teach data- simple probability .57 63 . .78
Participation in professional development .10 .257 .32
critical thinking

Participation in professional development .15 15 .36
mathematics content

Participation in professional development .29 .19 .23
mathematics pedagogy

Participation in professional development .02 A1 .24
mathematics assessment

Participation in professional development- .16 A1 .16
mathematics curriculum

Participation in professional development-.21 .20 .32

mathematics instructional technology
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Appendix C
Histograms of Teacher Quality Composite

Australia
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Chile
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Romania
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Mean Classroom Parental Education

Appendix D
Scatter plot Composite and M ean Classroom Par ental

Education
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Regression Standardized Residual

Appendix E
Scatterplots Standardized Predicted and ResiduakE¥a

Scatterplot for All Countries

Average Classroom Mathematics Achievement
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Regression Standardized Residual

Regression Standardized Residual

Scatterplot for Australia
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Regression Standardized Residual

Regression Standardized Residual

Scatterplot for Chile
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Scatterplot for Ghana
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Regression Standardized Residual

Regression Standardized Residual

Scatterplot for Hong Kong

Avg Classroom Mathematics Achievement

Regression Standardized Predicted Value
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Regression Standardized Residual

Regression Standardized Residual

Scatterplot for Malaysia
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Scatterplot for New Zealand
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Scatterplot for Palestine
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Scatterplot for Philippines
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Regression Standardized Residual

Scatterplot for Romania
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Scatterplot for Slovakia
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Scatterplot for Sweden
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Regression Standardized Residual

Scatterplot for the United States
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Regression Standardized Residual

Appendix F
Scatterplots Standardized Predicted and ResiduakE¥a

Scatterplot for All Countries
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Regression Standardized Residual

Scatterplot for Australia
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Regression Standardized Residual

Scatterplot for Chile
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Scatterplot for Ghana
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Regression Standardized Residual

Scatterplot for Hong Kong

Avg Classroom Mathematics Achievement

o
a® o3 8 °
a Ehnﬁn
BJ g oo
o o oo g o Op [m]
% % & & o %
nnnn%ﬁ;nu oD o
Egndjnn‘:' g o
o o H
oo o
[a]
o
[a]
o
-3 -2 -1 0 1 2 3

Regression Standardized Predicted Value

Scatterplot for Jordan

Avg Classroom Mathematics Achievement

3 -2 -1 0 1 2

Regression Standardized Predicted Value

248




Regression Standardized Residual

Regression Standardized Residual

Scatterplot for Malaysia
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Scatterplot for New Zealand
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Scatterplot for Palestine
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Scatterplot for Philippines
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Regression Standardized Residual

Regression Standardized Residual

Scatterplot for Romania
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Scatterplot for Serbia
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Scatterplot for Slovakia
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Scatterplot for Sweden
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Regression Standardized Residual

Scatterplot for the United States
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