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What Kinds of Mathematics Learning are
related to Prospective Elementaryg Schoo)
Teachers’ Mathematics Pedagoedgical
Content Knoewledge?

KANG, Eun Kyung?

The statement, ‘Taking more mathematics would result a better mathematics
teacher.” sounds plausible. However, it is questionable that how much of taking
university level of mathematics such as abstract algebra and real analysis would
affect to teach elementary mathematics well. Would a mathematician be a better
teacher for elementary students to teach mathematics than who has been
prepared to teach elementary mathematics? This paper reports the effects of
opportunities to learn tertiary level mathematics and school level mathematics on
pre-service primary school teachers’ mathematics pedagogical content knowledge.
The study analyzed Teacher Education and Development Study in Mathematics
2008 (TEDS-M 2008) database using multiple regression. Prospective primary
teachers who have been prepared as generalist were the focus of the study. The
results support future elementary teachers might need to have opportunities to
revisit school mathematics they are going to teach.

Key words: Prospective Elementary School Teacher, Teacher Education,
Opportunities to Learn

. Intreduction

It is usually assumed that primary mathematics is easy to teach and prospective
teachers who enter teacher education program have enough knowledge for teaching
elementary school mathematics. Many teacher education programs provide future
elementary teachers to learn advanced mathematics topics such as modern algebra. Of
course elementary school teachers need to view elementary mathematics with
mathematically rigorous eyes, however, recently mathematics teacher educators claim

1 Seoul Yangjae Elementary School
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future teachers need to learn mathematics for teaching. This might stems from the
question, ‘to what extend such opportunities to learn tertiary level mathematics are
helpful for elementary school teacher candidates?’ .

One of the goals of teacher education programs might be improving future teachers’
pedagogical content knowledge and content knowledge. Prospective teachers need to have
opportunities to develop pedagogical content knowledge before they teach as in-service
teachers (Song & Pang, 2008). Then what kinds of features of teacher education
programs might be effective to improve prospective primary school teachers’
mathematics pedagogical content knowledge? It is a still ongoing discussion about what
prospective teachers need to learn (Seo, 2010). However, especially for educating
prospective primary school teachers, studies about ‘What kinds of learning mathematics
would be helpful for prospective primary school teachers to be well prepared to teach
elementary mathematics?” might provide valuable information for teacher education
field. Would taking more advanced mathematics be helpful for prospective primary
teachers’ mathematics pedagogical content knowledge? Would providing primary school
teacher candidates to think more about mathematics that they are going to teach be
helpful for their mathematics pedagogical content knowledge?

II. Theoretical Backgroeunds

1. Mathematics content knowledge as a source of Mathematics pedagogical
content knowledge

The study of teachers’ mathematical knowledge; mathematical content knowledge and
pedagogical content knowledge has been in a great interest in mathematics education
research for decades as they affect students’ achievement. Many studies supports
teachers’ mathematics content knowledge has an effect on their teaching practice and
in return, teaching practice has an impact on students’ achievement. Many studies
confirm teachers’ mathematical knowledge for teaching is positively related to the
quality of mathematics teaching practice and students’ performance (Hill, Ball, &
Schilling, 2008; Hill, Rowan, & Ball, 2005 Rowland, Huckstep, and Thwaites, 2005;
Tchoshanow, 2011; Tchoshanov, Lesser, and Salazar, 2008; Warfield, 2001).

Shulman (1987) proposed three categories of teachers’ content knowledge that is
needed for teaching; subject matter content knowledge, pedagogical content knowledge,
and curricular knowledge. Shulman (1986, 1987) first used the term, Pedagogical Content
Knowledge (PCK), claiming that teaching requires beyond content knowledge, for example,
how to represent the subject to students to help them understand.

Many researchers are studying about developing Shulman’ s (1987) Pedagogical Content
Knowledge (PCK) for teaching mathematics, for example, Ball, Thames, & Phelps (2008)
and Hill, Ball, & Schilling (2008) tried to frame knowledge that is needed for teaching by
proposing a domain map for Mathematical Knowledge for Teaching (MKT). After analyzing
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what teachers do to teach mathematics, Ball et al (2008) defined MKT as “the
mathematical knowledge needed to carry out the work of teaching mathematics” (Ball,
Thames, & Phelps, 2008, p.395). Hill et al (2008) defined Knowledge of Content and
Students (KCS) is a primary element in Shulman’ s PCK and content knowledge is
intertwined with knowledge of how students think about, know, or learn the subject.
Regarding the relationship between content knowledge and pedagogical content
knowledge, many scholars agreed content knowledge is a basic source for pedagogical
content knowledge as content knowledge is an important source for pedagogical decision
making (Morine-Dershimer and Kent, 1999; Shulman, 1987). And content knowledge and
pedagogical content knowledge are closely related as pedagogical content knowledge
cannot be considered without content knowledge (Baumert et al., 2010) yet they are
distinguishable (Blsmeke, 2012). Similarly, Rollnick, Bennett, Rhemtula, Dharsey, and
Ndlovu (2008) claimed improving pedagogical content knowledge requires development of
content knowledge in the first place. Thus in this study, mathematics content knowledge
was considered as one of the predictors for mathematics pedagogical content knowledge.

2. Teachers’ learning mathematics for teaching

The relationship between 9th grade teachers’ knowledge of algebra and students
achievements was investigated by Begle (1972). Begle and his colleagues developed two
sets of tests for teachers; a test for real number system which is related to 9th grade
algebra and a test for modern algebra such as groups, rings, and fields, and two sets of
tests for students; a test for algebraic computation and a test for understanding of
algebraic concepts of ninth grade algebra.

Using correlational analysis, what Begle (1972) found was that teachers’ achievement
of modern algebra was not statistically significantly related to 9th graders’ performance
in algebraic computation and understanding of 9th grade algebra. This implies just taking
advanced mathematics courses might not have direct impact on developing teachers °
mathematical knowledge for teaching.

Hill and Ball (2004) developed and conducted assessments of measuring teachers’
mathematics knowledge for teaching before and after California’ s Mathematics
Professional Development Institutes (MPDIs). One of the features of MPDIs was
participant teachers were given opportunities to discuss elementary level mathematics
problems that have many challenges. The authors concluded the opportunity might affect
the assessment result after taking MPDIs which was higher than the result before taking
MPDIs. Similarly, after reviewing studies about teachers’ professional development, Oh
(2012) concluded teachers need beyond content knowledge, for example, experiences to
connect their content knowledge in school settings. This implies having teachers to
understand school mathematics which is they are teaching might be a pre-requisite for
effective teaching practice.
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II. Metheds

1. Data Sources

The study employs Teacher Education and Development Study in Mathematics 2008
(TEDS-M 2008) database which was conducted by International Association for the
Evaluation of Educational Achievement (IEA), by a group of researchers at Michigan
State University, and the Australian Council for Educational Research. TEDS-M is the
first cross-national study to provide data on the knowledge; mathematics content
knowledge and mathematics pedagogical content knowledge that future primary,
lower-secondary, and secondary school teachers have acquired in their mathematics
teacher education.

TEDS-M studied the variation in the nature and impact of teacher education programs
within and across countries. The study collected data from representative samples of
pre-service teacher education programs, future primary and lower-secondary teachers in
the programs, and their teacher educators from 17 participating countries to inform
policy and practice in teacher education (for more information, see Tatto, Schwille, Senk,
Ingvarson, Peck, & Rowley, 2008).

TEDS-M data provides the results of mathematics content knowledge assessment,
mathematics pedagogical content knowledge assessment, and survey results from the
participating prospective teachers and teacher educators.

The whole TEDS-M data set included 17 countries and was collected from prospective
primary and secondary teachers who were at the end of their teacher education
programs so the database is cross sectional in nature. The author has attended TEDS-M
data workshop which was provided by Michigan State University to learn the structure of
the database and how to analyze it.

For the purpose of the present study, a subset of the data was analyzed. Data from
prospective primary teachers who have been prepared to teach grade 1-6 as generalists
(in TEDS-M database, TARGETP=2) is the focus of the present study. In this study, all
the available data of primary prospective teachers from 6 countries; Chinese Taipei
(Taiwan), Philippine, Singapore, Spain, Switzerland, and USA were analyzed.

2. Brief Description of Participant Population

Over all, female was dominant in the population in the present study which reflects
many of prospective primary teachers were female. The percentage of female
prospective primary generalist teachers was over 70% in all the six countries. And the
mean age of generalist prospective primary teachers of the six countries was in between
20 to 30 which was quite young population and this is understandable when we consider
that they were prospective teachers at the end of their teacher education program.
<Table 1> shows the results of descriptive statistics of the participant population.
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<Table 1> Description of Participant Population

Age (years) Gender
Country %
(Number of N M (SD) Min. Max. N 0 % Male
i Female
Institutions)
Chinese Taipei
) 921 23.26 (2.12) 21 54 923 72.3 27.7
(Taiwan) (11)
Philippines (33) 588 20.90 (1.76) 18 33 589 78.6 21.2
Singapore (1) 260 26.35 (4.75) 20 45 260 75.8 24.2
Spain (45) 1092 23.15 (4.36) 20 54 1092 79.9 20.1
Switzerland (13) 809 23.84 (3.55) 22 40 811 83.5 16.5
USA (48) 949 25.48 (6.44) 21 55 950 92.1 7.8

Note. Source: TEDS-M 2008 IEA

3. Design and Analysis

The study was designed to study the following research questions,

1. What is the relationship between mathematics content knowledge and mathematics
pedagogical content knowledge?

2. What kinds of opportunities to learn mathematics are related to prospective primary
teachers’ mathematics pedagogical content knowledge?

using multiple regression analysis. The data was aggregated at institution level because
it is reasonable to assume that opportunities to learn might vary by institution rather
than individual level (Meinck and Rodriguez, 2011).

A. Description of variables

For the study, mathematics pedagogical content knowledge (variable name in TEDS-M
database, MPCK) was selected as dependent variable in the TEDS-M database and MPCKI
was used to represent aggregated assessment result MPCK at institution level. Seven
variables were identified as predictors; mathematics content knowledge (MCK),
opportunities to learn tertiary level math - geometry (MFBIGEOM), opportunities to learn
tertiary level math - discrete structures & logic (MFBIDISC), opportunities to learn
tertiary level math - continuity & functions (MFBICONT) , Opportunities to learn tertiary
level math - probability & statistics (MFBIPRST), opportunities to learn school level math
- numbers measurement geometry (MFB2SLMN), and opportunities to learn school level
math - functions probability calculus (MFB2SLMF).

Among the predictors, MCKI was used to represent aggregated MCK at institution level.
Four variables; MFBIGEOM , MFBIDISC , MFBICONT , MFBIPRST, were selected to
represent opportunities to learn tertiary level mathematics and the variable names were
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used in the present study are TG, TD, TC, and TP respectively. Two variables:
MFB2SLMN, MFB2SLMF, were selected to represent opportunities to learn school level
mathematics from TEDS-M database. Among the variables for school level mathematics,
MEFB2SLMN is related to the topics that are taught in primary schools; numbers,
measurement, and geometry, so MFB2SLMN represents mathematics that the prospective
primary teachers will teach in their future teaching. Thus its variable name was changed
as PM to express ‘opportunities to learn Primary level Mathematics’ . The variable in
TEDS-M database MFB2SLMF is related to the topics that are usually taught in secondary
schools. The topics includes Functions, Relations, and Equations; Data representation,
Probability, and Statistics; Validation, Structuring, and Abstracting. And it is not the topics
the prospective primary teachers will teach. Thus its variable name was changed as SM
to express ‘opportunities to learn Secondary level Mathematics’ . <Table 2> summarizes
the explanation of variables in this study.

For the assessment results of mathematics content knowledge (MCK) and mathematics
pedagogical content knowledge (MPCK), Item Response Theory (IRT) was applied so that
they were centered at 500 and standard deviation of 100. For opportunities to learn of
tertiary level mathematics and school level mathematics, Racsh scale score were applied
10 for neutral position so above 10 indicates agree for the survey question and below 10
indicates disagree for the survey question.

<Table 2> Description of the Variables in the Study

Descrintion Variables in
P TEDS-M database  this study

Mathematics Content Knowledge MCK MCKI
Mathematics Pedagogical Content Knowledge MPCK MPCKI
Opportunities to Learn (OTL) MFBIGEOM TG
- Tertiary Level Math - Geometry
Opportunities to Learn (OTL) MEBIDISC ™
- Tertiary Level Math - Discrete  Structures & Logic
Opportunities to Learn (OTL) MFBICONT C
- Tertiary Level Math - Continuity &  Functions
Opportunities to Learn (OTL) MFBIPRST P
- Tertiary Level Math - Probability & Statistics
Opportunities to Learn (OTL) MEBISLMN PM
- School Level Math - Numbers  Measurement Geometry
Opportunities to Learn (OTL) MEBISLME SM

- School Level Math - Functions  Probability Calculus

First, to see how would MCKI predict the level of MPCKI, scatter plot of the
aggregated at the institution level data was produced by using SPSS statistics software
version 21 (SPSS IBM, New York, U.S.A) as shown in [Figure 11.
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[Figure 1] Scatter plot of MCKI and MPCKI

All the variables in the study were scaled as continuous and ordinal in nature and the
relation between MCKI and MPCKI was linear so multiple regression was appropriate to
study the research questions. Thus multiple regression was conducted with MPCKI as
response variable and MCKI as predictor and added other predictors of opportunities to
learn mathematics at teacher education institution.

B. Missing data

Missing data was excluded list wise automatically in the analysis using statistics
software SPSS version 21 (SPSS IBM, New York, U.S.A) because the database was cross
sectional in nature and there was no pattern found in missing data so it can be assumed
the missing were completely at random.

C. Multiple regression analysis

Multiple regression analysis was conducted to see whether the level of mathematics
content knowledge, opportunities to learn tertiary level mathematics and school level
mathematics predict the level of mathematics pedagogical content knowledge.

The following is the statistical full model tested.

MPCKI:ﬁJQ +ﬂ1MCKI +,6)2TG +,83TD +,@4TC +/95TP +/96PM +B7SM te

where,
Bo is intercept of MPCKI which means the value of MPCKI when the value of all
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predictors are zero, A1, B2 B3 B4 Bs Be A7 are the partial coefficient representing
the slope of the line relating to the corresponding predictor when all the other predictors
are held fixed, and ¢ is random error component.

In conducting multiple regression analysis, one of the issues that needs to be
considered is multicollinearity when predictors are collinear. Multicollinearity might cause
problems such as misleading individual p-values and wider confidence intervals on the
regression coefficients. To detect multicollinearity, correlation matrix was conducted and
investigated whether there is high correlation between predictors (rule of thumb is iri >
.7) Also Tolerance and Variance Influence Factor (VIF) was computed and investigated
whether there is a tolerance of less than 0.2 or 0.1 and VIF of 5 orl0 and above in
analysis (O’'Brien 2007).

To select the final model, forward selection, backward elimination, and stepwise
regression model selection methods were used. Forward selection starts from empty model
with no predictor and add variables one by one until the model cannot be improved
significantly by adding another variable. Backward elimination starts with the full model
then eliminates the least significant variable one by one until all the variables in the
model are significant at a given « for testing. Stepwise regression is the mix of forward
selection and backward elimination so each time when a new variable is added, the
significance of each variables is re-tested. The process continues until no more variables
can be added or can be removed.

4. Limitations

The interpretation of the present study is limited to the end of teacher education
program because TEDS-M data does not have information about the prospective
teachers’ entering status. Consequently, there should be no attempts to consider the
change of the prospective teachers’ change in knowledge and belief during their
teacher education program.

Also the interpretation of the study is limited to the participating six countries and it
might be hard to be generalized because the participating countries does not necessarily
represent whole population of prospective primary teachers in non-participating countries.

Teachers’ beliefs do not mean their teaching practice necessarily. One of the reasons
for this is the belief measurements were from self professed survey result. Also there
could be many other reasons for inconsistent teacher belief and teaching practices as
many studies found, for example, standardized test, teaching context, school environment
etc.

V. Results

It seems the more knowledgeable in mathematics, the better to be prepared to be a
teacher. Many mathematics teacher educators agree that future teachers need to have
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opportunities to learn mathematics at the level that they are going to teach rather than
just taking advanced level mathematics. This does not necessarily mean learning
advanced mathematics topic is not needed for future primary school teachers. Because
they need to be able to view elementary mathematics with mathematically rigorous eyes.

To begin with, intercorrelations and descriptive statistics were conducted to have
general information about the data in the study and to see whether there is
multicollinearity between the predictors. <Table 3> summarizes the intercorrelation
analysis results.

<Table 3> Summary of Intercorrelations, Means, and Standard Deviations for Scores on
the MCK, MPCK, TG, TD, TC, TP, PM, and SM

Measure 1 2 3 4 5 6 7 8
1. MCK
2. MPCK .89%*
3. TG -.38%* -.51%*
4. TD -.23%* -.37%* .68%*
5. TC -.18% -.23%* .39%* 45%*
6. TP -.16 -.28*%* .50** 56%* 19%
7. PM -.33** -.22%%* 227 -.09 -.18* .01
8. SM -41%* -.33%* .32%* 23%* .04 .30%* 61%*
M 498.32 512.36 2.21 341 1.82 1.51 2.72 1.99
SD 55.65 44.80 0.57 0.79 0.88 0.28 0.27 0.49

Note. N=151 (institutions). Source IEA TEDS-M  2008.
*0 < .05, =p < 01.

The 151 teacher education institutions that have programs for prospective primary
teachers to be prepared as generalist in the six countries showed just about the mean
MCKI achievement of the whole participant institutions for prospective primary teachers
(M = 498.32). On the contrary, the 151 teacher education institutions showed slightly
higher MPCKI performance than the whole participant institutions for prospective primary
teachers (M = 512.36).

Regarding to the opportunities to learn mathematics tertiary/school level mathematics
at the teacher education institution, the means were much below from 10 and this means
that the prospective primary teachers of the participant teacher education institutions
relatively strongly disagree that they had opportunities to learn tertiary/school level
mathematics.

Opportunities to learn tertiary/school level mathematics are negatively correlated or not
statistically significantly associated with MCKI and MPCKI in general. The results of the
intercorrelations indicate that there might be multicollinearity between the predictors, TG
and TD because correlation between TG and TD was .68 (p < .01) which is close to .07.
Thus collinearity statistics and Variance Inflation Factor (VIF) values were investigated to
see whether there are considerable level of multicolliniarity.
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1. Model Selection

Forward, backward, and stepwise model selection methods were used and all of the
methods ended up with the same final model. I report and compare three models that
were in forward selection procedure in <Table 4.

<Table 4> Predictors of Mathematics Pedagogical Content Knowledge (MPCKI)

MPCKI
Model 3
Variable Model 1 b Model 2 b D VIF
Constant 153.80 220.24 159.33
MCKI 0.72 0.66 0.68 1.26
TG -16.03 -17.03 1.18
PM 18.48 1.14
R® .80 .84 .85
F 592.26%* 374.16%* 269.10%*
AR? .04 01
AF 32.17%* 10.57**

Note. N=151 (institutions) *p<.01.

TD, TC, TP, and SM were excluded in the model selection process because they were
not significantly predict MPCKI in the model.

2. The Final Model

According to the model selection procedure above, model 3 was selected as the final
model. The final model equation is as follows.

MPCKI = 159.33 + 0.68MCKI - 17.03TG + 18.48PM + ¢

<Table 5> Summary of the Final Model

MPCKI
Variable b SE b b*
Constant 159.33** 25.51
MCKI 0.68%* 0.03 .85%*
TG -17.03** 2.76 -.22%%
PM 18.48* 5.68 1%
R? .85
F 269.10%*

Note. *p < .01. =xp < .001.
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The results of the multiple regression indicate the three predictors; mathematics
content knowledge (MCKI), opportunities to learn tertiary level math-geometry (TG), and
opportunities to learn primary school level mathematics (PM) explain 85.7% of the
variance of MPCKI (R%=.85, F(3,147)=269.10, p < .001). It was found that MCKI
significantly positively predicts MPCKI (b =68, p < 0.001). When the level of MCKI
increases by one unit, MPCKI increases by 0.68 and when the level of TG and PM are
at the same level and it was significant at o« = .01

Among the opportunities to learn tertiary level mathematics; TG, TD, TC, and TP,
opportunities to learn tertiary level geometry (TG) was found to negatively predict MPCKI
and it was significant. When TG increases by one unit MPCKI decreases by 17.03 (b =
-.17.03, p < 0.001) when the level of MCKI and PM are held constant and it was
significant at « = .01. Other opportunities to learn tertiary level mathematics; TD, TC,
and TP, were found not to significantly predict the level of MPCKI. This means that
taking tertiary level mathematics did not significantly predict their level of mathematics
pedagogical content knowledge. Furthermore, when prospective primary teachers who
have been prepared as generalist take more tertiary level geometry, it will negatively
predict prospective teachers level of pedagogical content knowledge.

Among the opportunities to learn school level mathematics; PM and SM, PM was found
to positively predict the level of MPCKI (b =14.48, p < 0.001) when MCKI and TG were
held constant and it was statistically significant at «=.05. SM was found not to
statistically significantly predict the level of mathematics pedagogical content knowledge.
Considering that PM contains topics that are usually taught at elementary school such as
numbers and geometry, and SM contains topics that are taught at high school such as
calculus, the result indicates when the prospective primary teachers less disagree that
they have taken more school level mathematics that they are going to teach, it will
positively affect the prospective teachers’ level of mathematics pedagogical content
knowledge.

V. Lonclusions and Discussions

One cannot teach what the person does not know. As expected, mathematics content
knowledge is an important source for mathematics pedagogical content knowledge and
the results of this study confirms it. Knowing what teachers will teach is a pre-requisite
even though it does not automatically connected to teaching practice. The study
investigated what kinds of opportunities to learn mathematics might be related to primary
teacher candidates’ mathematics pedagogical content knowledge. The results of this study
supports that to have prospective primary teachers to be prepared to teach mathematics
well, improving teachers’ own mathematics knowledge that is related to elementary
mathematics could be the starting point.

The results of the study share lines with previous research and confirm studies about
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knowing mathematics for teaching. Even though prospective primary teachers have
already learnt elementary school mathematics as students, elementary teacher candidates
do need experiences with primary mathematics for teaching rather than master advanced
topics in mathematics. This does not necessarily imply learning university level of
mathematics is not helpful for improving knowledge of mathematics that is needed for
teaching primary school mathematics because teachers do need to see school level
mathematics with mathematical rigor. Learning advanced mathematics might be helpful in
other ways, for example, if it is connected to teaching school level mathematics.

Considering the data analyzed in this study consists of 6 countries which include low
performing and high performing countries, the situation in each country might be
different from the findings of this study. It needs further study for each country
considering their own environments and condition of education. Also the results of this
study is suggestive. If different analysis method was applied, the result might not be the
same that was analyzed in this study.

More studies are needed in the area of opportunities to learn for prospective
elementary school teachers. For example, in what ways school level mathematics need to
be taught to future teachers? What and how do prospective teachers learn during the
courses for learning school level mathematics? Just revisiting formulas or procedures or
focused on conceptual understandings of elementary school mathematics might not be
helpful. Studies about these kinds of questions might provide information for teacher
educators to design teacher education programs.
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