First Place

Authors Natalie Bold (nataliebold@yahoo.com )
Department of Economics, Seattle University
345 Sheridan Ave #111, Palo Alto CA ,94306
Phone: (530)400-5840
Title Making the Grade: A Cross-National Analysis of Teacher Training on
Student Achievement Across 52 Nations
Type of Independent Research Project, Capstone Research Project
Project
Instructor Brian Kelly (kellybr@seattleu.edu )
Sponsor Department of Economics, Seattle University
Abstract This paper explores the relationship between teacher training and

student outcomes for students in over 298,000 students in over 50
countries assessed by PISA in 2006 and 2009. This paper will provide
evidence that high-quality teacher training is related to student
achievement and learning and suggests that improving teacher training
might contribute to local and national growth and development. The
2006 regression model explains 32.9% (R® = 0.329) of student
achievement for students across 52 countries. The 2009 model explains
30.8% (R? = 0.308) of student achievement across 58 countries. The index
for national minimum teacher training requirements by country was
positively and significantly correlated with student performance at the
.01 level (p < .01) for both years. The effect of teacher training on student
achievement as measured by the coefficients shows that teacher training
affected PISA scores by 3.8-9.0 points. Teacher training showed a larger
impact on achievement than the parents’ level of education, immigration
status, issues of staff shortages and class size. Given the variance in
student achievement and teacher training requirements across many
countries, additional analyses are necessary to better understand the
impact of teacher training and the components of a quality preparatory
program. The inclusion of both teacher and student data in the same
model, across multiple countries is important to understand the role of
teacher training requirements. This large sample provides the evidence to
show that students need support from many sources and that teacher
and school resources greatly contribute to student success.



mailto:nataliebold@yahoo.com
mailto:kellybr@seattleu.edu

Bold 2

Making the Grade: A Cross-National Analysis of Teacher Training on Student Achievement
Across 52 Nations

Natalie Bold

This paper explores the relationship between teacher training and student outcomes for students
in over 298,000 students in over 50 countries assessed by PISA in 2006 and 2009. This paper
will provide evidence that high-quality teacher training is related to student achievement and
learning and suggests that improving teacher training might contribute to local and national
growth and development. The 2006 regression model explains 32.9% (R® = 0.329) of student
achievement for students across 52 countries. The 2009 model explains 30.8% (R? = 0.308) of
student achievement across 58 countries. The index for national minimum teacher training
requirements by country was positively and significantly correlated with student performance at
the .01 level (p < .01) for both years. The effect of teacher training on student achievement as
measured by the coefficients, shows that teacher training affected PISA scores by 3.8-9.0 points.
Teacher training showed a larger impact on achievement than the parents’ level of education,
immigration status, issues of staff shortages and class size. Given the variance in student
achievement and teacher training requirements across many countries, additional analyses are
necessary to better understand the impact of teacher training and the components of a quality
preparatory program. The inclusion of both teacher and student data in the same model, across
multiple countries is important to understand the role of teacher training requirements. This large
sample provides the evidence to show that students need support from many sources and that
teacher and school resources greatly contribute to student success.

Introduction
“[Schools] are only as effective as those responsible for making them work”~. An increasing
number of teachers and school systems are being held accountable for how students learn and
what they achieve. However, in many countries, teachers are not being sufficiently and
consistently prepared to support or improve student learning. The variation is huge in the teacher
preparatory programs both across and within each of these countries.? There is growing
consensus, shown by the many studies around the world, that teachers are a major factor in
predicting student achievement and academic success.® And vet, to date there has been a lack of
cross-national focus on the preparatory programs of educators and available data is sparse. This
paper hopes to bring new attention to the importance of quality teacher training by linking data
from the OECD’s Program for International Student Assessment (PISA) and UNESCO’s
International Bureau of Education (IBE). This paper will present a broad comparison of national
education systems, allowing for a more comprehensive picture of the importance of teacher
preparation. The findings draw from a sample of over 290,000 students in over 50 countries to
show that more national teacher training requirements are associated with higher student
achievement, as measured by the 2006 and 2009 PISA.

»l

Importance of teachers on students

! Rowe 2007
2 Schmidt et al. 2011, UNESCO Institute for statistics 2011
% Hattie 2008
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Hundreds of studies around the world have shown that teachers are a major factor in predicting
and determining student achievement and academic success.* One study out of New Zealand,
observed 3000 students and 491 teachers over four years’ time, concluded that “‘teachers’ class
performance had the most impact on students’ learning.”””> Another study identified the
“...effectiveness of teaching as the most powerful system level available to change learning
outcomes.”® Sanders et al. (1996) surveyed nearly 3 million students in grades 2-8 in Tennessee
between 1990 and 1996. They compared average achieving students in different math classes for
three years. Using a value-added method, they found that after controlling for other factors,
teacher quality contributed to a variance of more than 50 percentile points in final student
performance.’ Figure 1 shows the graph produced by this study. What is significant is the large
difference in student performance attributed to teacher quality, which is partially measured by
training. This provides visual understanding of the compounding effects of teachers on students’
academic performance.

Figure 1: The Effect of Teachers on Student Achievement (Value-Added)®
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The impact of teacher training on student achievement
When teachers are untrained or receive poor quality or insufficient training, they are not
equipped to handle a classroom, let alone maximize learning. Preparation for training comes in
three forms: pedagogical, subject specialization, and actual classroom experience. It is important
for teachers to understand how best to explain and expose knowledge to students in order to
stimulate learning. Teachers must not only be knowledgeable, but also sensitive to cognitive and
social development, poverty, disabilities, and second language learners. Their job requires not
simply understanding these issues but being able to identify them in a classroom. These
peripheral conditions are often overlooked when considering the harmful effects of untrained and
poorly trained teachers.®

4 Hattie 2008, Darling-Hammond (2010)
® Bishop et al. (2003) p. 7

® Fancy (2004) p. 332

7 Sanders et al. (1996)

& McKinsey (2007) p.11

° Rowe (2007)
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High-quality training for teachers affects individual students today, but will impact the future of
nations for generations. McKinsey reviewed 25 countries and identified characteristics that are
believed to be precursors to building a successful education system. Two of the three
recommendations involve quality teacher training. It stated that, “...education outcomes will
only improve by improving instruction.”*° Akiba et al. (2007) examined students’ performance
in math on the 2003 Trends in International Mathematics and Science Study (TIMSS) in 46
countries. The study looked at the effect of student achievement as compared to teacher quality,
based on their qualifications: whether the teacher was fully certified; had at least 3 years of
teaching experience; and their college major (mathematics, mathematics education, or
otherwise). The study found that nations with higher teacher quality produced higher achieving
math students.™

Case Study: TEDS-M
In 2008, a study assessed over 23,000 teachers and their formal professional training from 498
institutions across 17 countries.*? It found that the courses in the teacher training programs
affected teachers’ “professional competencies” as measured by this assessment. Using the survey
of the different teacher training programs, the study also proposed an outline for the minimum
course requirements for teacher training programs as a way to create an international set of
standards

Based on these proposed minimum requirements, teacher training institutions in the US met
between 6-67% of the standards; the performance of teachers on the assessment varied
considerably.™® With the large variance in teacher training standards in the US, the mean score
for math teachers on the exam was expectedly average. Student performance in the US on an
international standardized test** the following year in math was also average. Teachers affect
student achievement significantly and the part of the variance in student achievement is a result
of the variance in teacher preparation. Table 1 shows the average number of courses required for
teacher training programs as reported by participants of the TEDS-M.

Table 1: Average Number of Courses Taken in Teacher Training Programs by Subject®®

Math Mathematics | General
Pedagogy Pedagogy
Primary Level
Taiwan, Singapore, Switzerland | 9.0 7.0 6.0
United States 7.1 13 6.9
Lower Secondary

Taiwan, Fussia, Singapore, Poland| 17.1 99 6.6
United States 95 1.7 N

19 sahlberg (2010) p. 132

1 Akiba et al. (2007)

12 Schmidt et al. (2011)

3 Schmidt et al. (2011)

Y program for International Student Assessment (PISA) produced by the OECD
> Schmidt et al. (2011) p. 144
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Figure 2: Math Teachers in Training vs. Student Performance in Math'®

Teacher Knowledge (Math & Pedagogy) vs Student
Performance in Math

® Average Teacher Performance on TEDS-M: Mathematics Portion (07-08)

w Average Teacher Performance on TEDS-M: Pedagogical Portion (07-08)
® Average Student PISA Score {(Mathematics Portion) 2009

Scores for both teacher and student assessments were calibrated such that 500 represents an
average score, therefore the results of these assessments can be compared.

Data
The data used in this study was collected by the Organization for Economic Cooperation and
Development (OECD) as part of the Program for the International Student Assessment (PISA).
PISA was first administered in 2000, and has since been produced every three years for all
countries that are interested and able to finance the administration of the assessment. It has been
widely accepted by many countries and consistently tests over 250,000 fifteen year olds in at
least 30 countries, each year it has been produced. PISA focuses on testing students’ literacy in
three broad subjects: mathematics, language, and science. Its purpose is to inform and influence
policy towards the improvement of education systems worldwide. There is tremendous
preparation that goes into crafting the PISA so that it may be a test that is relevant to all students.
In many countries, compulsory education ends at or near when students are fifteen years old. In
this way PISA has created a test that is able to assess what students are retaining from their total
time spent at school. Not only is this assessment the first of its kind in terms of testing for these
three subjects, but also its greater purpose is unique in that it strives to gauge how well we are
preparing the next generation.

PISA only looks at 15-year olds, regardless of grade, and all participants must be full-time
students. PISA tests are always given in the official national or regional language to avoid bias.
Additionally PISA has optional questionnaires for both students, principals, and since 2009,
parents, regarding socioeconomic background, school and home climate, students’ attitudes
towards school, as well as the organizational makeup of the school and classroom. Careful

16 Babcock et al. (2010)
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consideration is taken when selecting participating schools as well as students in order to
produce a random sample and ensure representative results. Schools are selected using a
stratified sampling method to represent minority and majority populations proportionately. In
each country, there must be an overall response rate of at least 95 percent. At least 150 schools
are chosen for the national sample and 35 students are selected from each school. Precision with
regard to sample selection helps to mitigate the inherent issues associated with conducting a
study of this magnitude and increases the validity of the database.*’

The sample data used in this study was taken from the PISA 2006 and 2009 cycles. The sample
from 2006 includes data from 298,142 students in 52 countries.*® The sample from 2009 includes
data from 373,529 students in 58 countries.*® Only schools that responded as being public were
included in the sample data since private schools may have different requirements for instructors.

Variables
Student Performance
The dependent variable in the regression model is student achievement. Student achievement for
both test years was calculated as follows. First, the PISA database provides five plausible values
for each student in each of the three subjects: math, language, and science. Five different readers
grade each student’s exam. The plausible value scores are meant to be takes as an average. With
these tzr(l)ree averaged subject scores, the scores were averaged again into an average overall
score.

Teacher Training

While there are many studies regarding the importance of teachers on student achievement and
the importance of teacher training, there are far fewer that link teachers’ training as a determinant
of student achievement, and even fewer when taking a broad international perspective. In order
to show this connection and include a teacher training variable, | took information that was self-
reported and was not standardized from the International Bureau of Education, housed within
UNESCO.?! I went through each country’s profile and created a rubric to estimate the national
minimum requirements for teacher certification (Table 2). Because of the obvious lack of reliable
data, this index is indeed an estimate, however it is thus far, more comprehensive than any
comparison | have been able to find, both in aspect of teacher training and in number of countries
included. This index is the centerpiece of my regression analyses (Figure 6).

' Adams, R., & Wu, M. (2002)

8 OECD 2006

9 OECD 2009

2 Adams, R., & Wu, M. (2002)

1 World data on education. (2006/07).
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Student Characteristics

When attempting to explain student performance in school, it is imperative to include
information on the students themselves. Age is already controlled for, as the students are only
eligible if they are 15 years old. All three models include the language spoken at home. The
response choices for this question only differentiated between whether or not students spoke at
home the same language as of the test: 1 for the language of the test, 2 if another language. The
model also includes information on immigration status. While it might seem likely that language
spoken at home and a student’s immigration status would be highly correlated, this was not the
case. Students were asked to respond, 1 for native, 2 for second-generation, and 3 for first-
generation. In order to account for academic home resources, a question was included for
students regarding the approximate number of books are in their home. Socioeconomic status is
generally cited as a major predictor of students’” academic performance. In order to account for
this I included information on the highest occupational and educational levels of parents. The
questions asked about what was the highest level job of either parent in general terms (white
collar-skilled/unskilled, blue collar-skilled/unskilled), as well as the highest level of education of
either parent, on the international ISCED scale. The data gleaned from these questions are
important and avoided problems with having to account for family-unit structure, as the
responses could be about either parent or guardian. Family wealth level more generally gets to
the heart of the debate surrounding socioeconomic status and student performance. A wealth
index was included, based on students’ responses to their family’s physical possessions such as a
dishwasher, Internet, cars, and computers. Responses have been standardized; “positive values
indicate more wealth-related possessions and negative values indicate fewer wealth-related
possessions.”%*

School Characteristics

Principals were asked whether or not there were issues of staff and resource shortage to
understand if the funds allocated to education are going where it’s needed. The staff shortages
variable is based on the responses of principals of whether their school experiences teacher
and/or staff shortages, both with regard to specific subjects, as well as qualified and certified
teachers, and other staff and personnel. The variable to account for resource shortages is in
regards to physical resources such as instructional material, lab equipment, and Internet
connectivity. Responses were given by principals on a four point scale: 1 for no shortages, 4 for
severe shortages. These numbers were averaged to produce one variable representing staff and
resource shortages. Finally, student-teacher ratios were included in the model as it is also
representative of the capacity of the school in terms of physical resources.

Additional Variables

In the 2009 PISA, there were several pertinent variables included in the questionnaires for both
students and principals; some of these were included in the third model. Although age is
accounted for, grade was not a characteristic that was possible to include in the first two models.
Past performance has been argued to be a significant contributor to future academic success.
Therefore, students were asked to identify whether or not they were at modal grade. Positive
numbers were assigned to students who were ahead of their modal grade, O for at modal grade
and negative numbers for students behind their modal grade. Teacher participation has been
shown to improve teacher morale, the quality of lessons, and the level of engagement of students

2 Adams et al. (2002) p. 224
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in class. This variable is an index based on several questions regarding the level of autonomy and
involvement teachers have on a class, school, and district level. Larger numbers indicate higher
levels of teacher participation; smaller numbers indicate lower levels of teacher participation.
School climate is an averaged response variable based on questions to the principal regarding
teacher and student morale, absenteeism, school violence, and classroom disruptions. Responses
are on a four point scale, 1 for climate is excellent, 4 for climate is poor. Student attitudes
towards school was included in order to account for individuals’ level of self-confidence and
behavior in school. The variable is an average of responses regarding students’ feelings of how
their teachers treat them and if they feel supported. 4 for an excellent attitude, 1 for poor attitude.
It has also been shown that support for teachers by the administration in the form of professional
development and continued education is very influential in determining whether teachers are
effective, and therefore if students are receiving a quality experience. This is an average response
variable based on principals’ response to these questions. 4 for lots of teacher support, 1 for no
teacher support. Teachers’ classroom management skills vastly affect what is covered in class.
An effective teacher is able to keep the class on topic, engaged, and avoids disruptions. This
variable is based on students’ feelings of problems with class disruptions. 4 for every lesson is
interrupted, 1 for lessons are never disrupted.

Descriptive Statistics

Table 2 shows the descriptive statistics of the dependent and independent variables, as well as
student performance in the three test subjects. Student performance on the PISA overall and
within each subject area varies dramatically. Overall PISA performance in 2006 varies by 795
points and 771 points in 2009 across the participating countries. The estimated overall PISA
score for all students is approximately 463 for both years. This overall average low as the OECD
calibrated an average to be 500 points. This means the international student average is below
what the OECD would consider average by approximately 37 points for both test years. Teacher
training requirements, the variable of interest varies a lot across countries. The minimum score
was a 2.5, the maximum was an 11, out of a total 13. The average value for teacher training was
approximately 8 for both test years. It is interesting to see that the United States receives a score
of 8.5.

For both years, the average student speaks the same language at home and in school.
Additionally, on average students identify as native citizens, as opposed to first- or second-
generation citizens. On average for both years, the highest level of education attained by either
parent was ISCED 3A or 4. This means that most parents of tested students have an upper
secondary or post-secondary, non-tertiary level of education. For the United States, this
translates to high school graduation and/or vocational training. Of sampled students for both
years, on average parents’ occupational level would be considered white collar-low skilled. This
is likely due to which countries were willing and able to participate in the PISA. Most countries
surveyed did not suffer from extreme poverty, because of the costs associated with administering
the test and therefore this variable suffers from self-selection bias. This is echoed in the variable
representing familial wealth. It was compiled on a standardized scale where 0 is considered
average. For both years, the mean value for this variable is -0.53 in 2006 and -0.47 in 2009. This
indicates a typical student lives in enough comfort to have basic needs met, but perhaps is
slightly below “average wealth.” This question is attempting to understand families’ disposable
income. The variable suffers from subjective interpretations of what each wealth level means
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within the context of the particular country and culture. Nevertheless, it is still a numeric
indicator of familial, wealth, which is an indicator of student performance. While the average
wealth level was near O for both years, in 2006, the lowest wealth level reported is a -5; -7 is the
lowest in 2009. These numbers suggest that some students’ basic needs are not being met and
that their families are likely living in poverty.

Issues of teacher and staff shortages are included as another variable in the model. On average,
for both years, principals noted that there are some shortages; however most report that there are
more issues of physical resource shortages than teacher and staff shortages. While the average
score for the index on students’ attitudes towards school is 2.86, meaning students attitude is
good, but not excellent; the average for the school climate variable indicates that climate is quite
good. Results show that teachers are highly supported, although this may suffer from the
problems of self-reported data bias because the principals are answering these questions, not the
teachers themselves.

Table 3
Descriptive Statistics for All Conntries
2006 2009
Mimimo Maximno Std. Marimm Sid.
Mean | Deviatio | Minimmm Mean s
m m n m Deviation
| Estimated overall = 4633 4 2 462.6 -
E PEoA e 54.00 24014 ; 00 45 42.00 213.30 ) 9732
£ | EstimatedPISA | ;.4 gos23 | ¥ | o 20.80 sse20 | ¥ | 1pime
ﬁ math score 8 &
e | Estimated PISA | 4y wreos | 08 | ypsa3 13.40 ga720 | 5| o003
B reading score 5 3
_E ~ -
3 | EetimatedPISA | (oo | p12ms | 97| ;s 7.00 gaosn | 1| 1pose
o SCiEnCe S00Te 1 1
Highest
occupational level | 1.00 4.00 192 106 1.00 400 101 105
= of parents
2 Highest
% | educationallevel | 0.00 6.00 408 168 0.00 6.00 414 1.66
g of parents
~ | HomeLanguage | 1.00 3.00 115 044 1.00 200 111 031
E Immigration - . ” .
g i 1.00 3.00 111 0.42 1.00 3.00 112 0.42
< | Number of books
2 in students’ 1.00 .00 305 143 1.00 6.00 296 144
E homes
“"‘;‘I‘_lﬂ';d of | soo 3.00 a5 | 1 7.00 400 | 047 123
Teacher traiming |, 11.00 215 157 250 11.00 8.02 176
requirements
T“"’::ﬁu"tm" 0.00 10000 | 1551 g1l 0.00 723.00 | 1592 15.24
Teacher shortaze | 1.00 3.40 1.54 0.61 1.00 200 165 0.74
- | Staff & teacher 1.00 4.00 1.83 0.70 1.00 400 178 0.68
[ shortage
+£
¥ Resource 1.00 4.00 131 070 1.00 400 118 0.76
- shortage
[ -]
= | Grade compared 4
5 o 3.00 3.00 014 0.64
% | student attitude 1.00 200 286 0.58
F | School dimate 1.00 400 2.11 0.53
Classroom 1.00 400 215 0.87
manazement
Teacher 4 -
participation 200 400 £0.09 113
Teacher support 1.00 4.00 345 0.56
N 203910 134450
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As the correlations matrices will show, there were no major issues with any of the variables in

any of the models, in either test year that caused for concern for multicollinearity.

Table 4: Correlation Matrix 2006

. . . . . . . . . . . ogeg
T 3T T 56T 8T £0€ 090 TIT 060 00T 390 6€T TUIPIIS-IYIEI L.
! 9LF T9¢” sIE™- §9e- TL0°- FIT - €T 6T - 900 381" aSepoys 20mosay
T 068" T~ €5 FALI T S60° LFT ™ 990° LTO™- aSepoys gelg
! 6LT"- FotT- 010" £80°- T90° LIT- 6.0 10~ a5epoys WYIBIL
. . . . . . . 21008 ¥SId
T 0LE &S0 6LT FTe €5k 330 LLT P40 PafRUST
! T€0° 299 LEE™- 6L 0 30T Aqure 4 5o yIea p
T 910" R0 950" ST 910" SMJE}S UOTR.SRUT
. . . . sjuared JO [a43]
T ik~ L9E LO0™ §T0 RUOTRONDS 1SOUSIE
) ) . sjuamed Jo [2A3]
1 §EE TL0 £r0 [eonednoso J8OUBT
. . SAWOY SJUIPIYS
I £90 660 1 00q Jo BqUINN
1 rzo afenSueT WO
sjusuRanbal
! Sunmen BUdEa L
oned 21008 VSId squaed Jo sjuared Jo [pAd]| sowoy sJuRpms
maptas |l e | o | T2 |10 ot uogasonay | P22 PoWnes| uommdtoso | wspoeq [ *EERY SRR
-Ryaea ], o k pajeumsy Jo e T 189USIH 189USTH Jo Bqumy o "




Bold 12

2009

IX

: Correlation Matri

Table 5

I F10° ar0” TF0 zar- Gen” 690" er0- | RO | 150 a0 <a0- <a0- £an- <00 0~ Zan’ 1o poddng Jayaea]
- . . - . - . . - . . - . - . . JUAUIAERUBTL
I ZEl 1za el izl qao a10 L1 nao £90 qag nto 1 600 210 1 6El mo0IssE)
I ZEn- nro- Z1n° FEO S0 nen” SE0° nen’ 690 AT Ten- SE0° 1o oo a0 SPIPHE Juaprgs
. . . . . . . . . . . . . . uonediaed
I 2r0 650 950 FEl £80 0s0 [XA) 65l nao £90 690 0et el £80 sayaRal
I 0o L0 6T [A%% [ a1 290 Z1n° S0 A Tad™- 210" GE0- ARUID (0035
TEpOw
I £an” 00 | 5607~ | E¥0- FUE 1T c50- I Ll 2ET ZEn- F10° 03 paredwng
ApEIE Juaptyy
. . . - - - - . - - - el
I SEl <01 FOT qa1 681 1] <60 ] EET 650 01 Japtgs-tayaRaL
. . ~ ~ ~ ~ . ~ ~ ~ 2BEHOYS
I SEF [X2% T8 Z1e a0 191 251 ng1 250 Z61 aamosay
I 6EE 191~ 20z 210" 9l FIT EET- L5 FEO™- aBepoys J7els
I SEL- 9l oo mr- A 260" L0’ 0s0°- SBRpI0YS JaYIRa L
. . . . . . . 21028 Wgld
I [AS 620 6HE T [ ar0 FUE [Ea40 pajeumsg
I 2L0° ety 0z il 200° Tag’ AT 10 TS
. . . . . styels
I ] <10 ov0- 44 Zr0 vonEEmmT]
suared o
I Q8- TLE £en- JIFATR [243] BUCHEINRS
183UBH
suated 7o [asa
1 DEg- 2} - TeuonEdnado
183
50T
I Tza- Fel SIUApTS T
53000 J0 JAGUHLN
1 o 2BengueT w0y
squaTIAnnhal
! StmmeR JatyiEa ],
oddns b 3 e | nonedioned| ajeuma| o MWMMMSU OREY | e roys fageproys|aBepoge o TRld) STR)E U mwcmmwmmm mwcmmwmmm sawoy SAuspras 2 suawInbas
¥ ataZeeys | P HE [HOHRHIRIRE SIUAS) 6P Jraptyg sy sy Hoy TEfaan i e 30 12431 30 1283 m sxo0g Senduey Summen
Jarpaea]| uaprys|  Jeayamal, |(oomag apeIE Bamosay| FFElg [saryaRa]) 70 e onesBmmuy | euonestpa | Euoyednodo j -
penlibidaclig} -1anaea ) pajEumsy J0 Jaguunpy auroy JataRa],
juaprg JsauBIH JsauBIH




Bold 13

Empirical Results
The regression analyses were an exploration of student achievement across many nations over
six years’ time and as more variables became available it was important to try to better
understand the factors that contributed to student achievement. Therefore Models 1 and 2 have
the same independent variables, and Model 3 is also from 2009 data, however it included
additional data not previously available. All three estimated equations have an R squared of
between 0.308 and 0.35. This means that the regression models explain between 30.8%-35% of
the variance in student achievement. These results are satisfying because all the data was
purposefully taken from the sampled individuals, therefore there are response biases on the part
of students and principals, however the model is likely capturing information regarding the
quality of the school, teachers, and classes in a way that aggregated information or official
surveys are unable to provide. All variables included in all three models are highly statistically
significant, except in the case of the variable for immigration status in Model 3. This variable is
significant at the 1 percent level in 2006 and in 2009 until other variables are introduced. The
correlation matrix does not indicate any strong relationship with immigration and any other
variable and furthermore, while the variable’s significance level is reduced, the model’s R
squared increases.

The variable of interest, teacher training requirements stays positive-as expected, highly
significant, and fairly consistent in magnitude throughout all models. Therefore, this variable can
be considered robust. The variable that had the largest impact on student achievement between
the two original models is the number of books in a student’s home, followed closely by resource
shortages. Both of the coefficients for these variables in terms of magnitude and sign suggest that
there likely is the presence of a resource “sufficiency threshold.” This means that before all else,
physical educational resources both at home and at school have the most significant impact on
performance until provided up to a “sufficiency threshold”. It is interesting to note that the
occupational level of parents had a larger impact on achievement than did parental education
levels and familial wealth across all three models. The magnitude of the coefficient for wealth
drops by 7 points between 2006 and 2009. The coefficient on the variable for immigration status
had a relatively small magnitude that decreased between the two years, unlike the coefficient for
the variable on home language, which increased between 2006 and 2009. It is possible that
immigrants to the participating countries are on average more likely to be of middle/high
incomes and have higher education levels. Thus, immigration status may be less important than
whether or not the language spoken at home is the same as the language spoken in school. This
would be true in countries such as Australia, Sweden, Canada, Finland, as opposed to the United
States, and the United Kingdom, where immigration status is generally associated with lower
socioeconomic status. Teacher-student ratio had the smallest coefficient of all the variables
across all three models. Since the coefficient stayed significant and negative, we can infer that
larger class sizes have a negative impact on student performance, but since there are other
variables that also account for school resources, perhaps class size is of lesser importance. The
variable with the largest coefficient was only included in Model 3. Student’s grade compared to
modal grade had a 24-point effect on performance. This result does not seem surprising; as many
researchers have shown that past performance is one of the most influential factors in
determining future school performance.
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The coefficients for the variables for school climate, attitude, classroom management, and
teacher participation all have the expected sign; however the coefficient for teacher support does
not. The coefficient for teacher support is negative and highly statistically significant. There is
much evidence to support the opposite of this finding that when teachers are supported by the
administration via educational opportunities and professional development, that they perform
better as teachers, and their students are more successful. This is not the case in Model 3. This
unexpected relationship may be due to an unobserved variable, as it seems unlikely that
promoting teachers’ learning would take away from student performance. Furthermore the sign
of this variable is in direct contrast to the variable of interest- teacher training requirements, and
are likely closely related.

Based on the sample data sets, this study is able to provide graphical representations of the
correlation between teacher training and student performance. Figures 9 and 10 illustrate the
positive relationship of the two variables when considering teachers and students from over 50
countries. This positive correlation is apparent for both test years. In Figures 11 and 12 they
show the graphical relationship between student achievements in the three subjects as compared
to the required level of training for teachers in that country. There is a positive and consistent
graphical correlation between these two variables that indicate that teacher training, as estimated
by minimum requirement standards is positively associated with higher student performance,
regardless of country. Figure 13 shows the teacher training index by country with the inclusion
of student performance as estimated by overall performance on the PISA in 2006 and 2009. The
PISA scores are calibrated around an average of 500; therefore the teacher training index was
rescaled to be out of 923 in order to provide comparable magnitudes in order to see the
relationship between training and performance across the two test years.
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Figure 7: Variance in Student Performance by Country (2006)
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Figure 8: Variance in Student Performance (2009)
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Figure 9: Teacher Training vs. Student Performance (2006)
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Figure 11
Minirmum Teacher Training Reguirements vs. Estimated PISA Score by Subject
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Figure 13
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Conclusion

Based on the regression results, this model suggests that national minimum teacher training
requirements affect student performance in school; this relationship is positive and statistically
significant at the .01 level. This suggests that more teacher training requirements is better than
fewer requirements. The model includes other explanatory variables to account for student
performance, which include home background information and school resources. With the
exception of the coefficient for immigration status in Model 3, the coefficients for all variables
were highly statistically significant for both test years and also when including the additional
variables in Model 3.

There are several limitations to this model. Most importantly, in order to more precisely and
accurately represent the minimum teacher training requirements for each nation, it would have
been ideal to have a standardized and verified database, which also included percent of qualified
and certified teachers in different schools or at least for each country. It is also important to
recognize that the teacher training index was created in 2006-07, however it is unverified as to
what year the information was provided by each country’s department of education. This can be
overlooked to some degree, as education policy does not often change requirements drastically
from year to year. It must also be noted that in regards to Taiwan, Macao, and Hong Kong, when
calculating the regression model and other descriptive statistics, the teacher training index score
used was from China’s overall score due to lack of specificity in the IBE report. Additionally
several countries (Lichtenstein, Azerbaijan) were excluded due to the lack of information on
national teacher training requirements.

The data reflects only schools that answered that they are publically operated. Neglecting to
answer this question or answering that the school receives private funding eliminated the school
from the sample. Some countries that participated in PISA are not included because none of the
schools complete the supplementary questionnaire with this question. While this is unfortunate,
in order to avoid including private schools, it was important to omit non-response schools.

PISA seeks to assess the degree of literacy students have within the subjects of science, math and
language, by testing students on how well they apply their skills to new situations and questions.
PISA allows researchers to examine which nations are best preparing students for the real world,
rather than limiting the discussion to comparing curriculums. What comes out in this study is that
there are many factors that contribute to student achievement across many countries, but there
are likely many other factors that were not included that are also important. This study provides a
uniquely comprehensive and relatively detailed look at national education systems as well as
allows for a discussion of education systems as an international whole. What is particularly
special about the PISA is that the information collected is coming directly from the actors
involved in education: the students and the principals. This provides unique insight into the
workings of schools and national education systems and likely captures qualitative data that is
more accurate than observational surveys. This study contributes useful information to policy
makers and parents to start a dialogue of how to understand student achievement and improve
performance in a meaningful way. This study shows that students need support from many
sources and that teacher and school resources greatly contribute to student success. Teacher
training as it affects student achievement needs to be studied more on a national level, but with
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particular attention to the international level. Thus far the goals of international education policy
have been about attendance and enrollment, rather than quality. While improving quality of
education may be a loftier goal, it is an important next step that will help to promote and sustain
long-run economic growth. This study helps support the suggestion that investing in teachers,
particularly in expanding teacher education and improving the quality of their training will
significantly benefit student achievement, and contribute to the advancement of overall goals of
nations.
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Number of Books in Students' Homes (%)
2006 | 2009

1=0-10 bocks 164 | 183

2= 11-25 books 195 | 204

3= 25-100 books 201 | 288

4= 101-200 books 155 | 145

5= 201-500 books 11 | 102

6= more than 500 books | 63 | 5.9
N= missing, invalid 2 | 20

Highest Parental Occupaton Classification (%)

1006 | 2009
1= Whate collar, nzh skilled 457 | 458
2="White collar, low =klled L e
i=Elue collar, lngh skillad 154 | 151
4= Blue collar, lowr skilled 11.3 | 11.2
MN=Misang, Invahd 56 | 54
Highest Educational Level of Parents (ISCED)
20 | 2009
0= Mone 27 19
1=I%CED 1 G4 6.3
2=I5CED 2 11 11.5
3=I5CED 3B, C 21 8
4=I5CED 3A, ISCED 4 273 | 241
5=1I8CED 5B 162 | 15.7
d=I5CED 54 ISCEDS 265 | 241
F=DMizsins, Inwvalid 19 25
Immizration Status
i | 2009
1= Native 001 | 897
2= Second-generation 7 4.3
3= First-zenaration 35 EX ]
M=DMissing, Inwvalid 27 24
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0.28%

Students’ Grade Levels Compared to Modal
(2009)

0'00%0-19%66% 2.96%

M 3 grades below
M 2 grades below
m 1 grade below

B 0= At grade level
W 1 grade above

W 2 grades above
1 3 grades above
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Shortages of Physical Resources, Teachers, &
Staff (%)

M Resource Shortage

B Teacher Shortage
Not at all Very little Tosome  Alot | Mot at all Very little To some A lot w Staff Shortage
extent extent
2006 2009

School Climate (2009) (%)
Very good 3728412
Moderate 55330108

Low 6.7504799
Very poor 0.2283625

Support for Teachers by Admimistration

(2009) (%)
Very poor 0.6449298
Low 8.1980248
Moderate 50.596607
Very good 40.076942
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Figure 3: Primary Teacher Training Program Requirements®
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Figure 4: Secondary Teacher Training Program Requirements26
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