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Abstract: Preparing prospective mathematics teachers with the appropriate mathematical
knowledge necessary for their effective teaching is an important issue in mathematics teacher
education. In this study we present the model of Mathematical Knowledge for Teaching (MKT)
developed by Ball and her colleagues (Ball, Thames & Phelps, 2008) and consider it as an
essential component of a cognitive approach to evaluate and characterize different types of
knowledge teachers need to teach histograms effectively. The primary results indicated that the
prospective mathematics teachers’ (PMTs) content knowledge and pedagogical content
knowledge of histograms are not at an adequate level. Finally, we discuss implications for the
current professional development of Vietnamese prospective mathematics teachers in statistics.
Keywords: Mathematical knowledge for teaching, prospective mathematics teacher, histogram,
statistics, professional development of teachers.
1. INTRODUCTION
Studying about the knowledge that required for effective
teaching different mathematical problems is an essential
topic, especially in the field of educating mathematics
teachers. Shulman (1986) did an extensive study that
suggested an approach to divide the required knowledge for
PMTs into three types including subject matter knowledge,
pedagogical content knowledge (PCK), and curricular
knowledge. Recently, Ball et al. (2008) developed a
theoretical framework of mathematical knowledge to teach
and evaluate different types of knowledge that future
teachers need to deliver an effective teaching.
In this study, we evaluated and developed the
mathematical knowledge of PMTs to teach statistical
charts. More specifically, we analyze the MKT’s
characteristics of PMTs to teach distribution charts to
provide suggestion to improve the professional skills for
PMTs in Vietnam.
2. LITERATURE REVIEW
2.1. Model of mathematical knowledge for teaching
The model MKT consists of two main types of
knowledge: Subject Matter Knowledge (SMK) and
Pedagogical Content Knowledge (PCK). In each of
these, the authors divided into three different types of
knowledge (Figure 1).
* Subject Matter Knowledge includes:
- Common content knowledge (CCK): CCK refers to
common mathematical knowledge used in everyday life,
or knowledge that “is used in the work of teaching in ways
in common with how it is used in many other professions

or occupations that also use mathematics” (Hill, Ball, &
Schilling, 2008, p. 377). This type of knowledge is called
“common” because it is not unique to teaching.
- Specialized content knowledge (SCK): SCK is a
type of knowledge that is only unique to teaching. SCK
enables teachers to “accurately represent mathematical
ideas, provide mathematical explanations for common
rules and procedures and examine and understand
unusual solution methods to problems” (Hill, Ball, &
Schilling, 2008, p. 378).
- Horizon content knowledge (HCK): HCK is “an
awareness of how mathematical topics are related over
the span of mathematics included in the curriculum”
(Ball, Thames, & Phelps, 2008, p. 403). It also refers to
an awareness of a broader context that contains
mathematical topics in the curriculum.
* Pedagogical Content Knowledge includes:
- Knowledge of content and students (KCS): Hill, Ball,
& Schilling (2008) defined KCS as knowledge of a
particular mathematical content combined with knowledge
of how students think about, know or learn this content.
Teachers with this type of knowledge are able to know
how students learn a concept or to recognize their common
mistakes and misconceptions. This implies to a deep
understanding of students’ thinking.
- Knowledge of content and teaching (KCT): KCT
combines knowledge of a particular mathematical content
and knowledge of teaching that content. As part of KCT,
teachers should also know how to provide appropriate
instructions for students to accomplish a given task or to
modify a given task so that it becomes easier for students.
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- Knowledge of content and curriculum (KCC):
KCC refers to knowledge of the content of curriculum
as well as knowledge of how to apply a specific content
of the curriculum to appropriate learning activities.
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understanding of broader mathematical contexts
contains knowledge of histograms.
- Knowledge of Student Learning (KCS): the ability to
anticipate common student responses and
difficulties
and
explain
student
misconceptions and misconceptions in
learning histograms types.
- Knowledge of Teaching (KCT): The
ability to choose and design an appropriate
mathematical task to enhance the student’s
understanding of histograms.
- Knowledge of Curriculum (KCC): is
the knowledge, the process and the concept
of histograms that are introduced into the
program at each class, grade level, along
with the relationship between them.
Teachers should not only know about the
Figure 1. Model of mathematical knowledge for teaching
contents, objectives and requirement the
(Ball et al., 2008)
students to achieve the program but also to
2.2. Mathematical knowledge for teaching histograms use the content of the program how to design and
in statistics
implement lessons to promote the understanding of
Recently, many authors have conducted research on the math students.
knowledge teachers need to teach statistics effectively (Groth, 3. METHODS AND RESULTS
2007; Gonzalez, 2014, 2016). Histograms assist in organizing
data and ensuring the underlying information is included in 3.1. Context and participants
This is a part of our current study that focuses on
the data at the same time avoid ignoring the specific aspects
of its structure. Histograms allow to distribute data visually. evaluating and developing the mathematical knowledge
Histograms offer an effective way to observe the structure of of PMTs in teaching statistics. The study was conducted
the data series. Different types of mathematical knowledge to in 2018 with participants of the study including 128
PMTs from 14ST and 15ST at University of Education
teach histograms is described below:
- Common Content Knowledge (CCK): the ability - Danang University and grades 3A, 3B, 3T at the
to identify different types of histograms and present the University of Education - Hue University (4 years
interrelation between collected data and descriptive data program). These PMTs had completed basic knowledge
of the subject and had taken the courses in teaching
on graph in different scenarios.
- Specialized Content Knowledge (SCK): the ability methods, in developing the teaching capacity of
to predict answers that students can make, to analyze and mathematics and analyzing the program in their college
comment on the correctness of solutions students for a curriculum. They also studied the topics related to
given problem and to provide evidences, to explain the teaching mathematics.
3.2. Study design
steps involved in histograms knowledge of students.
The research tool is a questionnaire that covers
- Horizon Knowledge Knowledge (HCK): the
ability to understand the role of histograms and various mathematical tasks which are related to the
relationship with other mathematical topics in the distribution chart. Each question addressed one in six
secondary program, to define concepts and to evaluate types of knowledge about the MKT model, focusing on
the ideas related to histograms of the problem posed or CCK, SCK, KCS and KCT.
A problem
Exercise 1: The following table shows the height (graded) of students in a 12th-grade class:
Height (cm)
[140; 150)
[150; 160)
[160; 170)
[170;80)
[180; 90)
Frequency
1
9
13
6
1
Draw a diagram of consecutive rectangles (also known as histogram) representing the statistics table.
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Exercise 2: The following table shows the time it takes to open the petals (blossom) of 200 flowers of a flower:
Time (minutes)
[0; 6)
[6; 10)
[10; 12)
[12; 16)
[16; 20)
[20; 24)
Frequency
15
40
45
60
30
10
1) Draw a diagram of consecutive rectangles representing the statistics table above.
2) Suppose there are three students drawing histograms representing the data table as below:
Student A:
Student B:

Student C:

a) Please explain the reason why each student gives the answer?
b) Please evaluate the correctness of the above answers and explain why?
1) In your opinion, what difficulty does a student have in answering question 1) on drawing the graphs
above? Why do you think that?
2) Assume that you teach the topic of histograms to students, how could you give the introduction to assist
the students draw the histogram correctly?
3) In your opinion, what is the most important mathematical (or statistical) idea need to pay attention to draw
this type of chart?
4) In which grade the content of this contiguous histogram is teached in the current math curriculum? Do you
have any comments on the contents of this organization chart in the current mathematics textbook?
Based on the definition of each knowledge type of
MKT model, we classified the requirements in the
above problem as shown in the following table:
Table 1. The components of the MKT suggested by each
of the questions given in the problem
Types of
Question
Indicators
knowledge
Identify different types of
Exercise the histogram, represent
1
the interrelation between
CCK
data
and
Exercise collected
descriptive data on graph
2, 1
in different contexts.
Ability to predict the
Exercise potential answers that
2.2.a
students may give and why
SCK
students respond like that.
Ability to analyze the
Exercise
correctness of solutions
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2.2.b

HCK

Exercise
2.5

KCS

Exercise
2.3

KCT

Exercise
2.4

that students can provide
by giving explanations of
explanatory steps of the
answer clearly.
The ability to identify
students’ answers has
mathematical meanings
related to histograms or
conceptual definitions, and
evaluates ideas related to
the histogram.
Ability to predict common
student responses and
difficulties and explain
misconceptions of students
in learning the histogram.
Select
and
design
appropriate mathematical
tasks to enhance students
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Exercise
2.6

understanding of the
histogram.
Teachers
have
the
knowledge
of
the
curriculum
and
the
teaching of statistical
charts at the same time
understand the role of
statistical charts in the
mathematics curriculum.

3.3. Data Coding
In this section, we build coding for each task set out
in the above problem as a basis for analyzing the
mathematical knowledge of PMTs in teaching
histogram. Below, we present an illustration of general
knowledge coding (CCK) and specific content
knowledge (SCK).
In Table 2 and Table 3, we illustrated the coding of
Exercise 1 and Exercise 2-1 to provide a base for
analyzing the common types of knowledge (CCK) of
PMTs to teach the histogram.
Table 2. Illustration of the coding of the task 1
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Determine the histogram, represent the
frequency correctly in unit of area, drawing
3
the correct chart but not fully display the
data on the chart.
Determine the histogram but representing the
2
frequency in unit area is not correct, drawing
the chart cannot show the data in the table.
1
Identify and draw the wrong chart.
0
Do not give any feedback.
In Table 4, we illustrate the coding exercise 2 sentences 2a, 2b to clarify the specific knowledge types
(SCK) of PMTs to teach histogram.

Table 4. Illustration of coding exercise 2 sentence 2a
Code
Description
Give reasonably, clearly predictable for
4
the answer of a three students A, B and C.
Give reasonably, clearly predictable for two
3
of the three answer of students A, B, or C.
Make predictions, but only for one of the
2
three students.
Give predictions but they are
Code
Description
unreasonable to answer all three students
1
A, B and C, or not making full
Draw accurate charts that represent the
4
anticipation for the answer.
statistics table.
0
Do not give any feedback.
Draw the correct chart, but the data is not
3
clearly expressed.
We build similar coding tables for the remaining
Draw but misrepresent the data on the
questions.
2
coordinate axis.
3.4. Results
1
Identify and draw the wrong chart.
The results of teachers’ knowledge are presented in
0
Do not give any feedback.
terms of six types of knowledge of the model MKT,
that is, CCK, SCK, HCK, KCS, KCT and KCC.
Table 3. Illustration of coding exercise 2 - sentence 1
- PMTs’ common content knowledge for teaching
Code
Description
histogram: We surveyed the general knowledge of
Determine the type of histogram, represent
PMTs to teach histogram through the requirements of
the frequency correctly in the area unit, draw
Exercise 1 and Exercise 2 - Question 1 about histogram
4
the correct chart format and fully display the
drawing in two cases: the data is divided equally and the
data information on the chart.
data is divided unequally as shown in Table 5, 6.
Table 5. Codes regarding the PMTs’ written explanations for the Exercise 1
Code

Illustrative example

Frequency

%

105

82.03

Draw the right graph.

4
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Draw the graph correctly, but the data is not properly represented.

3

21

16.41

2

1.56

0
0

0
0

Frequency

%

4

3.13

12

9.37

Draw the graph representing the wrong data on the coordinate axis

2

1
0

s
Identify and draw the wrong chart
Do not give any feedback
Table 6. Codes related to the PMTs’ answers to Exercise 2 - question 1

Code

Illustrative example
Draw the correct chart, the data is clear, consistent

4

3

Draw the graph correctly, but the data is not clearly displayed.

199

VJE

Vietnam Journal of Education, Vol. 5, 2018, pp. 195-201

Special Issue for the 1st ICME at Hanoi National University of Education

Plot the chart shape correctly but show incorrect data

2

16

12.50

92

71.87

4

3.13

Plotted incorrectly (PTNH-69)

1

0

Do not give any feedback.

As shown in Table 5, in Exercise 1 with the
requirement to draw histograms for data tables with equal
data ranges 82.03% of PMTs provided the correct
answer. There were still 1.56% of PMTs present data
incorrectly on the chart. In Exercise 2, question 1
required to generate the histogram for data tables with
unequally divided data, as shown in Table 6, only 3,13%
of PMTs could draw the correct graph showing the full
data. In particular, there were 71.87% + 3.13% = 75%
(code 1 and 0) PMTs did not answer this question or gave
the wrong answer. This means that many PMTs did not
really have a clear, complete histograms.

- PMTs’ SCK for teaching histogram: The statistics
in Table 7 showed that PMTs had the ability to
determine the accuracy of the responses from the
students and the ability to analyze the correctness of the
solutions students can give to Exercise 2 - Question 1
by providing explanations of the steps of the argument a
clear, accurate or not. As shown in Table 7: 30.47% +
9.37% = 39.77% of PMTs did give or give inaccurate
predictions about the reason for graphing each student’s
A, B, or C. Only eight PMTs (6.25%) reasonably
predict how the students A, B, C charted the data in
Exercise 2 - Question 1.
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Table 7. Codes regarding the PMTs’ written explanations for the Exercise 2 - Question 2a
Code
4
3
2
1
0

Illustrative example
Make clear predictions and identify the correct answers for all three students.
Evaluate right/wrong but give unreasonable, inadequate predictions in answers
Make predictions and identify, but only for the words of one of the three
students.
Make predictions but not justify the answers of all three students.
Do not give any feedback.

Similarly, in exercise 2, sentence 2b with the type of
SCK, only 5 PMTs (3.91%) evaluated the true/ false
values and explained them fully and accurately. More than
half (54.69%) of PMTs only interpreted correctly the
answers of one out of three students or just assessed the
correctness of the answers but did not give the explanation.
In particular, nearly one out of five (19.53%) of these
teachers did not give any feedback or gave inaccurate
estimates for the answers of students A, B and C.
From the above analysis, it could be concluded that
most of the PMTs did not have sufficient professional
knowledge about histogram. With respect to SCK in the
subject content knowledge, very few math teachers
were capable to predict or analyze accurately the
student’s answers. This indicated that they were not
adequately equipped with sufficient knowledge to teach
histograms in statistical.
4. DISCUSSION AND CONCLUSION
In this study, we examined the professional
competence of PMTs based on the six types of
knowledge of the MKT model to teach statistical charts
or the histograms in particular. The results from the study
indicated that many PMTs did not understand the
statistical chart as well as how to choose an appropriate
type of chart to represent the data table, despite that
statistics is an important topic in mathematical
curriculum in high school. The research also showed that
the knowledge content of PMTs is lower than expected,
considering the teaching aspects of the histogram.
The research provided us with the first evidence of
insufficient understanding of PMTs for the teaching of
histograms in statistics. In particular, the pedagogical
content knowledge of PMTs is limited. The reasons for
this shortfall may be explained partly by the fact that the
current career development program for PMTs was
limited. In fact, although PTMs are learning mathematics
instructional methods in their undergraduate program,
these courses focus only on the rules, the techniques, and
knowledge on methods for teaching math. The aspects of
SCK, KCS and KCT or epistemology of a mathematical

Frequency

%

8

6.25

36

28.13

33

25.78

39
12

30.47
9.37

concept seem to be less analyzed in these disciplines.
Therefore, we recommended that the content and timing
of these subjects need to be reviewed and revised for
future improvement.
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