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Relationship of mathematical knowledge for teaching
and mathematical quality in instruction: Focus on high schools
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The current study investigated the relationships between mathematical knowledge for teaching and the
mathematical quality in instruction in order to gain insight about teacher education for secondary teachers in
South Korea. We collected and analyzed twelve high school teachers’ scores of the multiple-choice assessment for
mathematical knowledge for teaching developed by the Measures of Effective Teaching project. Their instruction
was video recorded and analyzed with the mathematical quality in instruction developed by the Learning
Mathematics for Teaching project. We also interviewed the teachers about how they planned and assessed their
instruction by themselves in order to gain information about their intention and interpretation about instruction.
There was a statistically significant and positive association between the levels of mathematical knowledge for
teaching and the mathematical quality in instruction. Among three dimensions of the mathematical quality in
instruction, mathematical richness seemed most relevant to mathematical knowledge for teaching because subject
matter knowledge plays an important role in mathematical knowledge for teaching. Furthermore, working with
students and mathematics as well as students participation were critical to decide the quality of instruction. Based
on these findings, the current study discussed offering opportunities to learn mathematical knowledge for teaching
and philosophy about how teachers need to consider students in high schools particularly in terms of
constructivism.
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Kang 23 1.17 1.17 1.17 35

Kwon 25 157 214 1.86 557

Kim 27 1.67 1.33 267 567

Park 25 229 2 214 6.43

Bang 17 1 1 1 3

Shin 18 15 1.17 1.17 3.83

Ahn 25 167 1.17 1.33 417

Lee 26 2 2.33 2.33 6.67

Jang 21 1 1 1.17 3.17

Choi 22 1125 1.13 1.25 35

Han 14 1 1 1.17 3.17

Hong 24 14 1 1 34
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[Table 2] Descriptive Statistics

M SD
MKT scores 2.25 4.03
MQI mathematical richness 145 042
MQI students participation 1.37 0.49
MQI working with students and math 152 057
MQI total scores 434 1.35

[Table 3] Shapiro-Wilk Test

W p-value
MKT scores 0.90 0.18
MQI mathematical richness 0.91 0.23
MQI students participation 0.74 0.00
MQI working with students and math 0.81 0.01
MQI total scores 0.83 0.02

[Table 4] Correlation between MKT scores and MQI scores

MKT scores | p-value

MQI mathematical richness 0.86% <001
MQI students participation 078+ < 01
MQI working with students and math 0.81x < 01
MQI total scores 0.86% <001

¥ p < 05, % p< 01, #=x p< 001 (two-tailed test)
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[Table 5] Lee’s MQI scores in inverse function instruction

min. | 177 7714 | 14721 | 21728 | 28735 | 35742
Mathematical
Richness
Student
Participation
Working with

Students and Math

1 1 3 1 3 3
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Items 9 and 10 in the MET algebra I assessment (Phelps et al., 2014, p.80)

Item number 9

Having taught her students to factor quadratics
with integer coefficients, integer roots, and a
leading coefficient of 1, Ms. Quezada explained
that she was going to give them a harder
problem. She then asked them to solve the
following.
32 —3x—6=0

After a few minutes of work, the class discussed
their solutions. Letitia said that x was -1 or 2
and explained, *I added 3x to both sides and
divided by 3.7

3x°—6=3x

X —2=x
She then continued "The parabola’s just down a
litthe and the fine’s at 45 degrees, soit's just
below zero and about 2 to the right. x can be -
1 and 2, and those are the only possible ones.”

Of the following, which best characterizes
Letitia’s approach to this problem?

(3 Letitia’s method is wrong because she
should have first divided by 3 and then
factored the left side of the equation.

B Letitias method is wrong because this is a
parabola and you could graph it, but you
would have to graph the original equation
and look for the roots,

@ Letitia’s reasoning is comect, but her
method often leads to points of
intersection that might be hard to
determine visually.

@ Lefitias reasoning is comect, but her
method requires knowledge of calculus,

Item number 10

Ms. Lang's class had been studying the concept
of slopes of lines, so she asked them to consider
all of the lines passing through one point and
how the slops of those lines vary. The students
had used gecboards in some earlier work, so
they started talking about the slopes of lines on
an "infinitefy extended” gecboard. (Geoboards
are flat blocks of wood, roughly one foot
square, with pegs lald out on a grid where
rubber bands can be hooked to make lines or
polygons.) The students decided that the pegs
of the infinite geoboard could be thought of as
the set of points with integer coordinates in the
Cartesian plane.

During the discussion, students had the
following exchange.
Yonah: On the geoboard, you can't get all of
the slopes, because the geoboard
points are too spread out—there are a
whale bundh of lines between the
ones you can make.
Andy: T disagree. 1 think we can make any

slope. Starting at one point, by
choosing another geoboard point far

enough away, we can tilt the line as
miech or as little as we like

Becky: What 1 was thinking was if you run a
line through one geoboard point, it
will always hit another one far enough
out.

Of the following concepts, which ks most directly
related to the mathematics underlying this
discussion?

@ Interpretation of the derivative—the
derivative is the slope of the tangent line.

& Density of numbers on the real line—the
rational numbers are dense, but not every
real number is rational.

(€ The parallel postulate—given a point and a
line, there is a unique line through the
given point parallel to the given line.

@ Each of these concepts is equally refated
to the underlying mathematics.




