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Chapter 1

Introduction

1 Background of the study

1.1 Ability to apply mathematics: An essential goal of mathematics
education

A number of studies have reported that modern society requires more than
content knowledge (see e.g., Ananiadou & Claro, 2009; Organisation for
Economic Co-operation and Development [OECD], 2013; Partnership for 21st
Century Skills [P21], 2002). To cope with the demands of modern life people need
to be able to apply their knowledge. This situation has led to an emphasis on
connecting education to students’ lives (Graumann, 2011; P21, 2002), which
implies that education should have as its goal to close the gap between how
students learn in school and how they deal with everyday life. Educational
practices, therefore, should provide students with not only knowledge, but also
skills they need for life and community (Griffin, Care, & McGraw, 2012;
Tomlinson, 2004).

In mathematics education a great deal of attention has been attached to developing
students’ ability to apply mathematics. The National Council of Teachers of
Mathematics (NCTM), for example, states that the mathematics curriculum should
focus on “mathematics that will prepare students for continued study and for
solving problems in a variety of school, home and work settings” (NCTM, 2000, p.
14-15). Ability to apply mathematics in real-world contexts is also considered as a
key area of mathematical competence in many Huropean countries (Eurydice,
2011; Tomlinson, 2004). At a global level, the utilitarian purpose of mathematics in
everyday life is also taken into consideration by the OECD through its Programme
for International Student Assessment (PISA).

PISA is a large-scale assessment that examines students’ ability to apply
mathematics in a variety of situations. PISA introduces the term ‘mathematical
literacy’ that is defined as “an individual’s capacity to identify and understand the
role that mathematics plays in the world, to make well-founded judgments and to
use and engage with mathematics in ways that meet the needs of that individual’s
life as constructive, concerned and reflective citizens” (OECD, 2003, p. 24).

A focus on the application of mathematics implies the use of mathematics

problems situated in real-world contexts in mathematics teaching and learning. De
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Lange (2003) argued that students need to experience solving mathematics
problems in different situations and contexts to develop their ability to transfer
their knowledge from one area of application to another. Similarly, NCTM (2000)
also pointed out the importance of providing students with opportunities to work
on problems arising in contexts outside mathematics, which could be other subject
disciplines or students’ daily experiences. In the PISA studies, great value is also
attached to “tasks that could be encountered in a variety of real-world situations,
and that have a context in which the use of mathematics to solve the problem
would be authentic” (OECD, 2003, p. 34). Such tasks are used in the PISA studies
to assess mathematical literacy.

1.2 A discrepancy between the Indonesian mathematics curriculum
and student achievement

Students’ ability to apply mathematics is also considered as an important goal of
mathematics education in Indonesia. In 2004, the Indonesian Ministry of National
Education! started implementing a competence-based curriculum (Kurikulum
Berbasis Kompetensi — KBK), which was revised into a school-based curriculum
(Kuriknlum Tingkat Satnan Pendidikan?> — KTSP) in 2006. In contrast to previous
curricula that were oriented on the content of subject matter and emphasized
students’ acquisition of knowledge, both KBK and KTSP placed a premium on
developing students’ ability to apply their knowledge. These two curricula
considered that the subject of mathematics should target developing students’
ability to: (1) understand the concepts of mathematics, explain the relevance of
concepts, and apply the concepts or algorithms in a flexible way in problem-
solving; (2) solve problems that require the ability to understand a problem, design
and complete a mathematical model to solve it, and interpret the solution; and (3)
appreciate the purpose of mathematics in life (Pusat Kurikulum [The National
Curriculum Center|, 2003; the Regulation of the Minister of National Education,
No. 22, Year 20006, about Standards of Content). This educational goal is also
considered in the newly implemented Curriculum 2013 in which the Indonesian
government clearly mandates that education must be relevant to the needs of life
and offers students opportunities to apply their knowledge in society (Kementerian

! The Ministry of National Education was renamed the Ministry of Education and Culture in 2011.

2 As a consequence of the decentralization of education, the Indonesian Ministry of National Education
revised KBK into KTSP by adding the principle of school-based management. In K'TSP, the government
determined the minimum standards (i.e. competences, content, and targeted performance) and every school
had the freedom to develop or adjust the minimum standards based on the school’s resources, students’
needs, and district (local) educational goals.
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Pendidikan dan Kebudayaan [the Ministry of Education and Culture], 2012). In
relation to the objectives of Indonesian mathematics education, KBK and KTSP
recommended teachers using mathematics problems situated in real-world contexts
in their classroom practices. In line with these curricula, there have been
educational movements in Indonesia that emphasize the application of
mathematics and promote the use of real-world problems in learning mathematics:
ie. Pendidifan Matematika Realistif Indonesia (Indonesian Realistic Mathematics
Education) (see e.g., Sembiring, Hadi, & Dolk, 2008; Sembiring, Hoogland, &
Dolk, 2010) and Pewbelajaran Kontekstual (Contextual Teaching and Learning)
(Supinah, 2008).

The attention for students’ ability to apply mathematics is also reflected in
Indonesia’s regular participation in PISA since the first survey in 2000. Despite
strong attention for and interest in the application of mathematics in Indonesian
curricula, however, the PISA results show Indonesian students’ low performance
on mathematics problems situated in real-world contexts. In the latest PISA 2012
study, for example, less than 1% of Indonesian students could solve mathematics
problems that are situated in complex situation and require mathematical modeling
and well-developed reasoning skills (OECD, 2013). Three quarters of Indonesian
students could only solve mathematics problems that use familiar contexts, have
clear questions, and present all relevant information. These students could identify
relevant information and carry out routine mathematical procedures if explicit
instructions were given.

The low performance of Indonesian students on mathematics problems situated in
real-wortld contexts, which in this thesis are called ‘context-based tasks’, prompted
us to carry out this PhD research in the Context-based Mathematics Tasks
Indonesia (CoMTI) project. The main purpose of this PhD research was to gain a
better insight into Indonesian students” low performance on context-based tasks
and to generate recommendations for improving student performance.

2 What does a context-based task mean in this PhD thesis?

A variety of terms has been used to refer to problems that are situated in real-world
contexts; for example ‘word problems’ (see, e.g. Bernardo, 1999; Verschaffel, Greer,
& De Corte, 2000; Verschaffel, Van Dooren, Greer, & Mukhopadhyay, 2010),
‘authentic tasks’ (see, e.g. Palm, 2008; Kramarski, Mevarech, & Arami, 2002),
‘context problems’ (see, e.g. Van den Heuvel-Panhuizen, 1996; 2005), or ‘modeling
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tasks’ (see, e.g. Blum, 2011; Maass, 2010; Tasova & Delice, 2012). According to
Maass (2010), ‘word problems’ are often seen as “very simple, often artificial tasks
with text” (p. 290). Daily experience can often be ignored when solving a word
problem because the contexts are artificial. Such a conception leads to an
impression that the solution of a word problem can be obtained by operating all
numbers given in the text with procedures that are provided explicitly (Maass,
2010). However, there is a more open definition of word problems that refers to
mathematical modeling (see, e.g. Verschaftel et al., 2000; 2010). According to these
studies, word problems should be used to support the development of modeling
competences and cannot be solved by simply taking and combining all numbers
provided in the text. The latter definition of a word problem is close to a so-called
‘authentic task’ that also refers to mathematical modeling. An authentic task is a
mathematics task that represents a real life problem or situation (Palm, 2008) and
does not have a ready-made algorithm (Kramarski et al., 2002). Furthermore, an
authentic task often employs realistic data that are incomplete or inconsistent and
asks solvers to use different representations in their solutions. The authenticity of
contexts is also highlichted by Van den Heuvel-Panhuizen (1996; 2005) who
argued that a ‘context problem’ should be authentic for students and should
require them to think within the context of the problem. “By imagining themselves
in the situation to which the problem refers, the students can solve the problem in
a way that was inspired, as it were, by the situation (Van den Heuvel-Panhuizen,
2005, p. 6). It means that context problems can suggest strategies to find a
solution, such as using drawings, tables, or graphs. Another term that is used to
refer to problems situated in real-world contexts is ‘modeling tasks’ (see, e.g. Blum,
2011; Maass, 2010; Tasova & Delice, 2012). Modeling tasks emphasize modeling or
translation between real-world contexts and mathematics.

Considering the abovementioned descriptions of problems that use real-world
contexts, in this thesis we define a context-based mathematics task as a
mathematics task that is situated in real-world settings and provides elements or
information that need to be organized and modeled mathematically. We do not use
the term word problems or story problems because contexts can also be depicted
in non-verbal descriptions such as pictures. A consequence of our definition is that
we attach a high value to the following characteristics of context-based tasks: the
tasks have more or less information than what is needed to find the solution and
should not explicitly provide the required mathematical procedures.
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3 Context-based tasks and modeling

Solving a problem situated in a real-world context requires interplay between the
real world and mathematics (Blum et al., 2002; Blum, 2011), which is often referred
to as modeling (Greer, 1997). According to Maass (2010), modeling is not simply
the process of making a mathematical representation of a real-world problem, but
it is a whole process that includes “understanding a realistic problem, setting up a
model of the problem and finding a solution by working on the model
mathematically” (p. 287). This process is in general similar to what in PISA is
called ‘mathematization’, which is considered as the fundamental process to solve
real-life problems (OECD, 2003).

Modeling has been considered in many studies on problems situated in real-world
contexts. Maass (2010) used the modeling process as a key reference to make a
classification of tasks that have real-world contexts. She distinguished seven
categories of tasks based on the focus of the tasks on the stages of the modeling
process; ie. tasks that focus on: (1) the whole process of modeling, (2)
understanding the real-world situation; (3) setting up a real model; (4)
mathematizing; (5) working within the mathematical model; (6) interpreting; and
(7) validating. With respect to the teaching of modelling, Blum (2011) and Blum
and Ferri (2009) considered the modeling process as a specific strategic tool that
needs to be acquired and used by teachers to support their students’ learning. For
this a four-step schema was developed, which comprised understanding the task,
establishing a model, using mathematics, and explaining the result, to be used as
“an aid for difficulties that might occur in the course of the solution process”
(Blum & Ferri, 2009, p. 55)

Considering the relevance of the modeling process to problems situated in real-
world contexts, in this PhD research we use the modeling process as one of the
main references to get a better insight into Indonesian students’ process of solving
context-based tasks.

4 Structure of the thesis

The PhD research that forms the basis of this PhD thesis comprised four studies
that were set up to investigate Indonesian students” low performance on context-
based tasks and to provide recommendations to improve student performance.
The four studies are presented as the chapters of this thesis. Table 1 illustrates the
structure of the thesis and the topic addressed in each chapter.
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Table 1
Structure of thesis

Topic that is addressed in the chapter

Chapter 1 | Introduction

Chapter 2 What difficulties do Indonesian students have when solving context-
based tasks?

Chapter 3 . . . .
What are possible reasons for Indonesian students’ difficulties when

Chapter 4 solving context-based tasks?

Chapter 5 How can Indonesian student performance on context-based tasks be
improved?

Chapter 6 | Conclusion

Chapter 2 reports a study in which we investigated Indonesian students’ difficulties
in solving context-based tasks. To identify these difficulties the types of errors
made by students were examined. The study addressed the following research

questions:

o What errors do Indonesian students make when solving context-based mathematics
tasks?

o What is the relation between the types of ervors, the types of context-based tasks, and
the student performance level?

After examining the difficulties experienced by Indonesian students, two studies
were conducted to investigate possible reasons for the difficulties. In these studies,
which are reported in Chapter 3 and Chapter 4, we used the concept of opportunity-
to-learn.

Chapter 3 describes a study in which the opportunity-to-learn to solve context-
based tasks offered in Indonesian mathematics textbooks was examined. The
investigation was done by analyzing the characteristics of tasks in the textbooks.
This study addressed the following research questions:

o What are the amount of exposure to and the purpose of context-based tasks in
Indonesian mathematics textbooks?

o To what extent are different types of information provided in tasks in Indonesian
mathematics texthooks?

o What are the cognitive demands of tasks in Indonesian mathematics textbooks?

15
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Another issue dealt with in this study was the relation between opportunity-to-
learn to solve context-based tasks provided in the textbooks and students’
difficulties in solving such tasks. For this, we addressed the following research

question:

o What is the connection between students’ errors when solving context-based tasks and
the characteristics of tasks in Indonesian mathematics textbooks?

Textbooks might be not the only factor influencing student performance, because
how a textbook is used in the classroom is determined by teachers. Therefore, to
get a better insight into possible explanations for students’ difficulties we also took
the teaching practices of Indonesian mathematics teachers into consideration.

Chapter 4 describes our study on examining a possible explanation for students’
difficulties from the perspective of the opportunity-to-learn (OTL) to solve
context-based tasks offered by teachers through their teaching practices. In this
study the teachers’ teaching practices were seen from two petrspectives, i.e. the
teachers’ reported practices and observed practices. The former focused on the
characteristics of context-based tasks presented by teachers in their lessons,
whereas the latter involved the teaching approaches used by teachers to help their
students learn to solve context-based tasks. Considering the potential influence of
beliefs on teachers’ teaching practices, we also investigated teachers’ beliefs about
mathematics, the learning and teaching of mathematics, and context-based tasks.

The following research questions were addressed:

o What beliefs do Indonesian teachers have regarding mathematics, teaching and learning
of mathematics, and context-based tasks?

o What OTL to solve context-based tasks do teachers offer students in their classroom
practice?
- What kinds of context-based tasks do Indonesian teachers offer their students?
- What teaching approach do Indonesian teachers use to teach context-based tasks?

o s there a relationship between the OTL to solve context-based tasks offered by teachers

and students’ errors when solving such tasks?

Chapter 5 describes a study that investigated whether Indonesian students’
performance in solving context-based tasks can be improved by offering students
opportunity-to-learn to solve such tasks. This opportunity-to-learn, which
comprised a set of context-based tasks and a consultative teaching approach, was
developed based on our findings about what was lacking in Indonesian
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mathematics textbooks (reported in Chapter 3), and in Indonesian teachers’
teaching practices (reported in Chapter4). In this final study we focused on
answering the following question:

®  Does providing students with opportunity-to-learn to solve context-based tasks contribute
to students’ performance when solving these tasks and, more specifically, is there any
¢ffect on the correctness of the answers and on the tipes of errors?

Chapter 6 summarizes the findings from the four studies and discusses practical
implications of the findings on the teaching and learning of context-based tasks in
Indonesia. In this chapter we also provide suggestions for further research on
context-based tasks.
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Chapter 2

Difficulties in solving context-based PISA mathematics
tasks: An analysis of students’ errors

1 Introduction

Employer dissatisfaction with school graduates’ inability to apply mathematics
stimulated a movement favoring using mathematics in everyday situations (Boaler,
1993a) and a practice-orientated mathematics education (Graumann, 2011). The
main objective of this movement is to develop students’ ability to apply
mathematics in everyday life (Graumann, 2011) which is seen as a core goal of
mathematics education (Biembengut, 2007; Greer, Verschaffel, & Mukhopadhyay,
2007). In addition, this innovation was also motivated by theoretical developments
in educational psychology such as situated cognition theory (Henning, 2004;
Nunez, Edwards, & Matos, 1999) and socio-cultural theory (Henning, 2004).
Finally, this context-connected approach to mathematics education emerged from
studies of mathematics in out-of-school settings such as supermarkets (Lave, 1988)
and street markets (Nunes, Schliemann, & Catraher, 1993).

In line with this emphasis on application in mathematics education, the utilitarian
purpose of mathematics in everyday life has also become a concern of the
Programme for International Student Assessment (PISA) which is organized by
the Organisation for Economic Co-operation and Development (OECD). PISA is
a large-scale assessment which aims to determine whether students can apply
mathematics in a variety of situations. For this purpose, PISA uses real-world
problems that require quantitative reasoning, spatial reasoning or problem solving
(OECD, 2003b). An analysis of PISA results showed that the competencies
measured in PISA surveys are better predictors for 15 year-old students’ later
success than the qualifications reflected in school marks (Schleicher, 2007).
Therefore, the PISA survey has become an influential factor in reforming
educational practices (Liang, 2010) and making decisions about educational policy
(Grek, 2009; Yore, Anderson, & Hung Chiu, 2010).

Despite the importance of contexts for learning mathematics, several studies
(Cummins, Kintsch, Reusser, & Weimer, 1988; Palm, 2008; Verschaffel, Greer, &
De Corte, 2000) indicate that contexts can also be problematic for students when
they are used in mathematics tasks. Students often miscomprehend the meaning of
context-based tasks (Cummins et al., 1988) and give solutions that are not relevant
to the situation described in the tasks (Palm, 2008). Considering these findings, the
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Context-based tasks: Students’ difficulties

intention of this study was to clarify students’ obstacles or difficulties when solving
context-based tasks.

As a focus we chose the difficulties students in Indonesia have with context-based
problems. The PISA 2009 study (OECD, 2010) showed that only one third of the
Indonesian students could answer the types of mathematics tasks involving
familiar contexts including all information necessary to solve the tasks and having
clearly defined questions. Furthermore, less than one percent of the Indonesian
students could work with tasks situated in complex situations which require
mathematical modeling, and well-developed thinking and reasoning skills. These
poor results ask for further research because the characteristics of PISA tasks are
relevant to the mathematics learning goals mandated in the Indonesian Curriculum
2004. For example, one of the goals is that students are able to solve problems that
require students to understand the problem, and design and complete a
mathematical model of it, and interpret the solution (Pusat Kurikulum, 2003).

Although the Indonesian Curriculum 2004 takes the application aspect of
mathematical concepts in daily life into account (Pusat Kurikulum, 2003), the PISA
results clearly showed that this curriculum did not yet raise Indonesian students’
achievement in solving context-based mathematics tasks. This finding was the
main reason to set up the ‘Context-based Mathematics Tasks Indonesia’ project, or
in short the CoMTI project. The general goal of this project is to contribute to the
improvement of the Indonesian students’ performance on context-based
mathematics tasks. The present study is the first part of this project and aimed at
claritying Indonesian students’ difficulties or obstacles when solving context-based
mathematics tasks. Having insight in where students get stuck will provide us with
a key to improve their achievement. Moreover, this insight can contribute to the
theoretical knowledge about the teaching and learning of mathematics in context.

2 Theoretical background

2.1 Learning mathematics in context

Contexts are recognized as important levers for mathematics learning because they
offer various opportunities for students to learn mathematics. The use of contexts
reduces students’ perception of mathematics as a remote body of knowledge
(Boaler, 1993b), and by means of contexts students can develop a better insight
about the usefulness of mathematics for solving daily-life problems (De Lange,
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1987). Another benefit of contexts is that they provide students with strategies to
solve mathematical problems (Van den Heuvel-Panhuizen, 1996). When solving a
context-based problem, students might connect the situation of the problem to
their experiences. As a result, students might use not only formal mathematical
procedures, but also informal strategies, such as using repeated subtraction instead
of a formal digit-based long division. In the teaching and learning process,
students’ daily experiences and informal strategies can also be used as a starting
point to introduce mathematics concepts. For example, covering a floor with
squared tiles can be used as the starting point to discuss the formula for the area of
a rectangle. In this way, contexts support the development of students’
mathematical understanding (De Lange, 1987; Gravemeijer & Doorman, 1999;
Van den Heuvel-Panhuizen, 19906).

In mathematics education, the use of contexts can imply different types of
contexts. According to Van den Heuvel-Panhuizen (2005) contexts may refer to
real-world settings, fantasy situations or even to the formal world of mathematics.
This is a wide interpretation of context in which contexts are not restricted to real-
world settings. What is important is that contexts create situations for students that
are experienced as real and related to their common-sense understanding. In
addition, a crucial characteristic of a context for learning mathematics is that there
are possibilities for mathematization. A context should provide information that
can be organized mathematically and should offer opportunities for students to
work within the context by using their pre-existing knowledge and experiences
(Van den Heuvel-Panhuizen, 2005).

The PISA study also uses a broad interpretation of context, defining it as a specific
setting within a ‘situation’ which includes all detailed elements used to formulate
the problem (OECD, 2003b, p. 32). In this definition, ‘situation’ refers to the part
of the students’ world in which the tasks are placed. This includes personal,
educational/occupational, public, and scientific situation types. As well as Van den
Heuvel-Panhuizen (2005), the PISA researchers also see that a formal mathematics
setting can be seen as a context. Such context is called an ‘intra-mathematical
context’ (OECD, 2003b, p. 33) and refers only to mathematical objects, symbols,
or structures without any reference to the real world. However, PISA only uses a
limited number of such contexts in its surveys and places most value on real-world
contexts, which are called ‘extra-mathematical contexts’ (OECD, 2003b, p. 33). To

solve tasks which use extra-mathematical contexts, students need to translate the
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contexts into a mathematical form through the process of mathematization
(OECD, 2003b).

The extra-mathematical contexts defined by PISA are similar to Roth’s (1990)
definition of contexts, which also focuses on the modeling perspective. Roth
(1996, p. 491) defined a context as “a real-world phenomenon that can be modeled
by mathematical form.” In comparison to Van den Heuvel-Panhuizen and the
PISA researchers, Roth takes a narrower perspective on contexts, because he
restricts contexts only to real-world phenomena. However, despite this restriction,
Roth’s focus on the mathematical modeling of the context is close to the idea of
mathematization as used in PISA.

Based on the aforementioned definitions of context, in the present study we
restricted contexts to situations which provide opportunities for mathematization
and are connected to daily life. This aligns with the aim of PISA to assess students’
abilities to apply mathematics in everyday life. In conclusion, we defined context-
based mathematics tasks as tasks situated in real-world settings which provide
elements or information that need to be organized and modeled mathematically.

2.2 Solving context-based mathematics tasks

Solving context-based mathematics tasks requires an interplay between the real
world and mathematics (Schwarzkopf, 2007), which is often described as a
modeling process (Maass, 2010) or mathematization (OECD, 2003b). The process
of modeling begins with a real-world problem, ends with a real-world solution
(Maass, 2010) and is considered to be carried out in seven steps (Blum & Leiss, as
cited in Maass, 2010). As the first step, a solver needs to establish a ‘situation
model’ to understand the real-world problem. The situation model is then
developed into a ‘real model” through the process of simplifying and structuring. In
the next step, the solver needs to construct a ‘mathematical model’ by
mathematizing the real model. After the mathematical model is established, the
solver can carry out mathematical procedures to get a mathematical solution of the
problem. Then, the mathematical solution has to be interpreted and validated in
terms of the real-world problem. As the final step, the real-world solution has to

be presented in terms of the real-world situation of the problem.

In PISA, the process required to solve a real-world problem is called
‘mathematization’ (OECD, 2003b). This involves: understanding the problem
situated in reality; organizing the real-world problem according to mathematical
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concepts and identifying the relevant mathematics; transforming the real-world
problem into a mathematical problem which represents the situation; solving the
mathematical problem; and interpreting the mathematical solution in terms of the
real situation (OECD, 2003b). In general, the stages of PISA’s mathematization are
similar to those of the modeling process. To successfully mathematize, a student
needs to possess mathematical competences which are related to the cognitive
demands of context-based tasks (OECD, 2003b). Concerning the cognitive
demands of a context-based task, PISA defines three types of tasks:

1. Reproduction tasks: These tasks require recalling mathematical objects and
properties, performing routine procedures, applying standard algorithms,
and applying technical skills.

2. Connection tasks: These tasks require the integration and connection from
different mathematical curriculum strands, or the linking of different
representations of a problem. The tasks are non-routine and ask for
transformation between the context and the mathematical world.

3. Reflection tasks: These tasks include complex problem situations in which
it is not obvious in advance which mathematical procedures have to be

carried out.

Regarding students’ performance on context-based tasks, PISA (OECD, 2009a)
found that cognitive demands are crucial aspects of context-based tasks because
they are — among other task characteristics, such as the length of text, the item
format, the mathematical content, and the contexts — the most important factors

influencing item difficulty.

2.3 Analyzing students’ errors in solving context-based mathematics
tasks

To analyze students’ difficulties when solving mathematical word problems,
Newman (1977, 1983) developed a model which is known as Newman Error
Analysis (see also Clarkson, 1991; Clements, 1980). Newman proposed five
categories of errors based on the process of solving mathematical word problems,
namely errors of reading, comprehension, transformation, process skills, and
encoding. To figure out whether Newman’s error categories are also suitable for
analyzing students’ errors in solving context-based tasks which provide
information that needs to be organized and modeled mathematically, we compared
Newman’s error categories with the stages of Blum and Leiss” modeling process (as
cited in Maass, 2010) and the PISA’s mathematization stages (OECD, 2003b).
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Table 1 shows that of Newman’s five error categories, only the first category that
refers to the technical aspect of reading cannot be matched to a modeling or
mathematization stage of the solution process. The category comprehension
errors, which focuses on students’ inability to understand a problem, corresponds
to the first stage of the modeling process (“understanding problem by establishing
situational model”) and to the first phase of the mathematization process
(“understanding problem situated in reality”). The transformation errors refer to
errors in constructing a mathematical problem or mathematical model of a real-
world problem, which is also a stage in the modeling process and in
mathematization. Newman’s category of errors in mathematical procedures relates
to the modeling stage of working mathematically and the mathematization stage of
solving mathematical problems. Lastly, Newman’s encoding errors correspond to
the final stage of the modeling process and mathematization at which the
mathematical solution is interpreted in terms of the real-world problem situation.
Considering these similarities, it might be concluded that Newman’s error
categories can be used to analyze students’ errors in solving context-based
mathematics tasks.

2.4 Research questions

The CoMTI project aims at improving Indonesian students’ performance in
solving context-based mathematics tasks. To find indications of how to improve
this performance, the first CoMT1I study looked for explanations for the low scores
in the PISA surveys by investigating, on the basis of Newman’s error categories,
the difficulties students have when solving context-based mathematics tasks such
as used in the PISA surveys.

Generally expressed our first research question was:

1. What errors do Indonesian students make when solving context-based mathematics
tasks?

A further goal of this study was to investigate the students’ errors in connection
with the cognitive demands of the tasks and the student performance level.
Therefore, our second research question was:

2. What is the relation between the types of errors, the types of context-based tasks (in the
sense of cognitive demands), and the student performance level?
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Table 1

Newman’s error categories and stages in solving context-based mathematics tasks

Newman’s error

Stages in solving context-based mathematics tasks

categories? Stages in Blum and Leiss’ Stages in PISA’s
Modeling® Mathematization®
Reading: - -
Error in simple
recognition of words
and symbols
Comprebension: Understanding problem by ~ Understanding problem

Error in understanding
the meaning of a
problem

Transformation:

Error in transforming a
word problem into an
appropriate
mathematical problem
Process skills:

Error in performing
mathematical
procedures

Encoding:

Error in representing
the mathematical
solution into acceptable
written form

establishing situational
model

Establishing real model by
simplifying situational
model

Constructing mathematical
model by mathematizing
real model

Working mathematically to
get mathematical solution

Interpreting mathematical
solution in relation to
original problem situation

Validating interpreted
mathematical solution by
checking whether this is
appropriate and reasonable
for its purpose

Communicating the real-
world solution

situated in reality

Organizing real-world
problems according to
mathematical concepts
and identifying relevant
mathematics

Transforming real-world
problem into
mathematical problem
which represents the
problem situation

Solving mathematical
problems

Interpreting mathematical
solution in terms of real
situation

2 (Newman, 1977, 1983; Clarkson, 1991; Clements, 1980); b (as cited in Maass, 2010); < (OECD,

2003b)
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3 Method

3.1 Mathematics tasks

A so-called ‘CoMTI test’ was administered to collect data about students’ errors
when solving context-based mathematics tasks. The test items were selected from
the PISA’s (OECD, 2009b) released ‘mathematics units’ and included only those
units which were situated in extra-mathematical context. Furthermore, to get a
broad view of the kinds of difficulties Indonesian students encounter, units were
selected in which Indonesian students in the PISA 2003 survey (OECD, 2009b)
had ecither a notably low or high percentage of correct answer. In total we arrived
at 19 mathematics units consisting of 34 questions. Hereafter, we will call these
questions ‘tasks’, because they are not just additional questions to a main problem
but complete problems on their own, which can be solved independently of each
other. Based on the PISA qualification of the tasks we included 15 reproduction,
15 connection and 4 reflection tasks. The tasks were equally distributed over four
different booklets according to their difficulty level, as reflected in the percentage
correct answers found in the PISA 2003 survey (OECD, 2009b). Six of the tasks
were used as anchor tasks and were included in all booklets. Every student took
one booklet consisting of 12 to 14 tasks.

The CoMTTI test was administered in the period from 16 May to 2 July, 2011,
which is in agreement with the testing period of PISA (which is generally between
March 1 and August 31) (OECD, 2005). In the CoMTI test the students were
asked to show how they solved each task, while in the PISA survey this was only
asked for the open constructed-response tasks. Consequently, the time allocated
for solving the tasks in the CoMTTI test was longer (50 minutes for 12 to 14 tasks)
than in the PISA surveys (35 minutes for 16 tasks) (OECD, 2005).

3.2 Participants

The total sample in this CoMTT study included 362 students who were recruited
from eleven schools located in rural and urban areas in the province of Yogyakarta,
Indonesia. Although this selection might have as a consequence that the students

I'In PISA (see OECD, 2003b, p. 52) a ‘mathematics unit’ consists of one or more questions which
can be answered independently. These questions are based on the same context which is generally
presented by a written description and a graphic or another representation.
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in our sample were at a higher academic level than the national average?, we chose
this province for carrying out the present study for reasons of convenience (the
first author originates from this province).

To have the sample of this study close to the age range of 15 years and 3 months
to 16 years and 2 months, which is taken in the PISA surveys as the
operationalization of fifteen-year-olds (OECD, 2005), and which also applies to
the Indonesian sample in the PISA surveys, we did this study with Grade 9 and
Grade 10 students who generally are of this age. However, it turned out that in our
sample the students were in the age range from 14 years and 2 months to 18 years
and 6 months (see Table 2), which means that our sample had younger and older
students than in the PISA sample.

Table 2

Composition of the sample
Grade Boys  Gitls  Total Min. age Max. age Mean age (SD)
Grade 9 85 148 233  14y;2m  16y;7m  15y;3m (5 m)
Grade 10 59 70 129 14 y; 10 m 18y; 6 m 16 y; 4 m (7 m)
Total 144 218 362

2 y= year; m = month

Before analyzing students’ errors, we also checked whether the ability level of the
students in our sample was comparable to the level of the Indonesian students
who participated in the PISA surveys. For this purpose, we compared the
percentages of correct answers of 17 tasks included in the PISA 2003 survey
(OECD, 2009b), with the scores we found in our sample.

To obtain the percentages of correct answers in our sample, we scored the
students’ responses according to the PISA marking scheme, which uses three
categories: full credit, partial credit, and no credit (OECD, 2009b). The interrater
reliability of this scoring was checked by conducting a second scoring by an
external judge for approximately 15% of students’ responses to the open
constructed-response tasks. The multiple-choice and closed constructed-response
tasks were not included in the check of the interrater reliability, because the scoring

2 For example, of the 33 provinces in Indonesia the province of Yogyakarta occupied the 6t place in
the national examination in the academic year of 2007/2008 (Matrdapi & Kartowagiran, 2009).
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for these tasks was straightforward. We obtained a Cohen’s Kappa of .76, which
indicates that the scoring was reliable (Landis & Koch, 1977).

The calculation of the Pearson correlation coefficient between the percentages
correct answers of the 17 tasks in the PISA 2003 survey and in the CoMTT sample
revealed a significant correlation, » (15) = .83, p < .05. This result indicates that
the tasks which were difficult for Indonesian students in the PISA 2003 survey
were also difficult for the students participating in the CoMTT study (see Figure 1).
However, the students in the CoMTI study performed better than the Indonesian
students in the PISA 2003 survey. The mean percentage of correct answers of the
students in the present study was 61%, which is a remarkably higher result than the
29% correct answers of the Indonesian students in the PISA survey. We assume
that this result was due to the higher academic performance of students in the
province of Yogyakarta compared to the performance of Indonesian students in

general (see Footnote 2).

Figure 1. Percentage correct answers in the CoMTI sample and the Indonesia PISA
2003 sample

3.3 Procedure of coding the errors

To investigate the errors, only the students’ incorrect responses, i.e., the responses

with no credit or partial credit, were coded. Missing responses which were also
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categorized as no credit were not coded and were excluded from the analysis
because students’ errors cannot be identified from a blank response.

The scheme that was used to code students’ errors (see Table 3) was based on
Newman’s error categories and in agreement with Blum and Leiss’ modeling
process and PISA’s mathematization stages. However, in this coding scheme we
included only four of Newman’s error categories, namely ‘comprehension’,
‘transformation’, ‘mathematical processing’, and ‘encoding’ errors. Instead of
Newman’s error category of ‘process skills’, we used the term ‘mathematical
processing’, because in this way it is more clear that errors in process skills concern
errors in processing mathematical procedures. The technical error type of ‘reading’
was not used because this type of error does not refer to understanding the
meaning of a task. Moreover, the code ‘unknown’ was added in the coding scheme
because in about 8% of the incorrect responses, the written responses did not
provide enough information for coding the errors. These responses with the code

‘unknown’ were not included in the analysis.

To make the coding more fine-grained the four error types were specified into a
number of sub-types (see Table 3), which was done on the basis of a first
exploration of the data and a further literature review. For example, a study of
Leinhardt, Zaslavsky, and Stein (1990) was used to establish sub-types related to
the use of graphs, which resulted in three sub-types: ‘treating a graph as a picture’,
‘point-interval confusion’, and ‘slope-height confusion’. The last two sub-types
belonged clearly to the error type of mathematical processing. The sub-type
‘treating a graph as a picture’ was classified under the error type of transformation
because it indicates that the students do not think about the mathematical
properties of a graph. Because students can make more than one error when
solving a task, a multiple coding was applied in which a response could be coded
with more than one code.

The coding was carried out by the first author and afterwards the reliability of the
coding was checked through an additional coding by an external coder. This extra
coding was done on the basis of 22% of students’ incorrect responses which were
randomly selected from all mathematics units. In agreement with the multiple
coding procedure, we calculated the interrater reliability for each error type and the
code unknown, which resulted in Cohen’s Kappa of .72 for comprehension errors,

.73 for transformation errors, .79 for errors in mathematical processing, .89 for
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encoding errors, and .80 for unknown errors, which indicate that the coding was
reliable (Landis & Koch, 1977).

3.4 Statistical analyses

To investigate the relationship between error types and task types, a chi-square test
of independence was conducted on the basis of the students’ responses. Because
these responses are nested within students, a chi-square with a Rao-Scott
adjustment for clustered data in the R survey package was used (Lumley, 2004;
2012).

For studying the relationship of student performance and error type, we applied a
Rasch analysis to obtain scale scores of the students’ performance. The reason for
choosing this analysis is that it can take into account an incomplete test design
(different students got different test booklets with a different set of tasks). A partial
credit model was specified in ConQuest (Wu, Adams, Wilson, & Haldane, 2007).
The scale scores were estimated within this item response model by weighted
likelihood estimates (Warm, 1989) and were categorized into four almost equally
distributed performance levels where Level 1 indicates the lowest performance and
Level 4 the highest performance. To test whether the frequency of a specific error
type differed between performance levels, we applied an analysis of variance based
on linear mixed models (Bates, Maechler, & Bolker, 2011). This analysis was based
on all responses where an error could be coded and treated the nesting of task
responses within students by specifying a random effect for students.

4 Results

4.1 Overview of the observed types of errors

In total, there were 4707 possible responses (number of tasks done by all students
in total) which included 2472 correct responses (53%), 1532 incorrect responses
(33%, i.e., no credit or partial credit, and 703 missing responses (15%). The error
analysis was carried out for the 1532 incorrect responses. The analysis of these
responses, based on the multiple coding, revealed that 1718 errors were made by
the students. Of these errors 38% were comprehension errors and 42% were
transformation errors. Mathematical processing errors were less frequently made
(17%) and encoding errors only occurred a few times (3%) (see Table 4).
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Table 4

Frequencies of error types
Type of error N %
Comprehension (C) 653 38
Transformation (T) 723 42
Mathematical processing (M) 291 17
Encoding (E) 51 3
Total of observed errors 17182 100

2 Because of multiple coding, the total of observed errors exceeds the number of incorrect
responses (i.e. n = 1532). In total we had 13 coding categories (including combinations of error
types); the six most frequently coded categories were C, CM, CT, M, ME, and T.

4.1.1 Observed comprehension errors

When making comprehension errors, students had problems with understanding
the meaning of a task. This was because they misunderstood the instruction or a
particular keyword, or they had difficulties in selecting the correct information.
Errors in selecting information included half of the 653 comprehension errors and
indicate that students had difficulty in distinguishing between relevant and
irrelevant information provided in the task or in gathering required information
which was not provided in the task (see Table 5).

Table 5.

Frequencies of sub-types of comprebension errors
Sub-type of comprehension error N %
Misunderstanding the instruction 227 35
Misunderstanding a keyword 100 15
Error in selecting information 326 50
Total of observed errors 653 100

Figure 2 shows an example of student work which contains an error in selecting
information. The student had to solve the Staircase task, which was about finding
the height of each step of a staircase consisting of 14 steps.
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Figure 2. Example of comprebension error

The student seemed to have deduced correctly that the height of the staircase had
to be divided by the number of steps in order to get the height of each step.
However, he did not divide the total height 252 (cm) by 14. Instead, he took the
400 and subtracted 252 from it and then he divided the result of it, which is 148,
by 14. So, the student made a calculation with the given total depth of the staircase,
though this was irrelevant for solving the task.

4.1.2 Observed transformation errors

Within the transformation errors, the most dominant sub-type was using a wrong
mathematical operation or concept. Of the 723 transformation errors, two thirds
belonged to this sub-type (see Table 0).

Table 6.

Frequencies of sub-types of transformation errors
Sub-type of transformation error n %
Procedural tendency 90 12
Taking too much account of the context 56 8
Wrong mathematical operation/concept 489 68
Treating a graph as a picture 88 12
Total of observed errors 723 100
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Figure 3 shows the response of a student who made a transformation error. The
task was about the concept of direct proportion situated in the context of money
exchange. The student was asked to convert 3900 ZAR to Singapore dollars with
an exchange rate of 1 SGD = 4.0 ZAR. Instead of dividing 3900 by 4.0, the
student multiplied 3900 by 4.0. This means the student chose the wrong
mathematical procedure for solving the task.

Figure 3. Example of #ransformation error

4.1.3 Observed mathematical processing errors

Mathematical processing errors correspond to students’ failure in carrying out
mathematical procedures (for an overview of these errors, see Table 3). This type
of errors is mostly dependent on the mathematical topic addressed in a task. For
example, errors in interpreting a graph do not occur when there is no graph in the
task. Consequently, the frequencies of the sub-types of mathematical processing
errors were calculated only for the related tasks, i.c. tasks in which such errors may
occur (see Table 7).
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Table 7.

Frequencies of sub-types of mathematical processing errors

Mathematical

Related All errors in .
processing etrors

Sub-type of

tasks related tasks .

mathematical processing etror in related tasks

n n n %
Algebraic ertor 8 243 33 14
Arithmetical error 20 956 94 10
Error in interpreting graph 6 155 43 28
Measurement error 1 74 15 20
Error related to improper use of scale 1 177 49 28
Unfinished answer 26 1125 79 7

An example of a mathematical processing error is shown in a task in Figure 4. The

task is about finding a man’s pace length (P) by using the formula ™ _140 in

which n, the number of steps per minute, is given. The student correctly

substituted the given information into the formula and came to 70 _149. In the
P

next step, however, instead of dividing 70 by 140 the student subtracted 140 by 70.
This response indicates that the student had difficulty to work with an equation in
which the unknown was the divisor and the dividend is smaller than the quotient.

4.1.4 Observed encoding errors

Encoding errors were not divided into sub-types. They comprise all errors that are
related to students’ inability to interpret a mathematical answer as a solution that
fits to the real-world context of a task. As mentioned eatlier only 3% of the total
errors belonged to this category. The response of the student in Figure 4, discussed
in the previous section, also contains an encoding error. His answer of 70 is, within
the context of this task, an answer that does not make sense. A human’s pace
length of 70 meter is a rather unrealistic answer.
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Figure 4. Example of mathematical processing error and encoding error

4.2 The relation between the types of errors and the types of tasks

In agreement with the PISA findings (OECD, 20092), we found that the
reproduction tasks were the easiest for the students, whereas the tasks with a
higher cognitive demand, the connection and the reflection tasks, had a higher
percentage of completely wrong answers (which means no credit) (see Figure 5).

To investigate the relation between the error types and the tasks types we
performed a chi-square test of independence based on the six most frequently
coded error categories (see the note in Table 4). The test showed that there was a
significant relation (}2(10, N = 1393) = 91.385, p < .001). Furthermore, we found
a moderate association between the error types and the types of tasks (Phi
coefficient = .256; Cramer’s V = .181).

40



Context-based tasks: Students’ difficulties

Figure 5. Percentage of full credit, partial credit, no credit, and missing response per
task type

When examining the proportion of error types within every task type, it was found
that in the reproduction tasks, mostly comprehension errors (37%) and
transformation errors (34%) were made (see Table 8). Also in the connection tasks
students made mostly comprehension errors (41%) and transformation errors
(43%). However, in the reflection tasks mostly transformation errors (66%) were
made. Furthermore, the analysis revealed that out of the three types of tasks the
connection tasks had the highest average number of errors per task.
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4.3 The relation between the types of errors, the types of tasks, and
the students’ performance level

When testing whether students on different performance levels differed with
respect to the error types they made, it was found, for all task types together, that
the low performing students (Level 1 and Level 2) made more transformation
errors than the high performing students (Level 3 and Level 4) (see Figure 6)3. For
the mathematical processing errors the pattern was opposite. Here, more errors
were made by the high performing students than by the low performing students.
With respect to the comprehension errors there was no such a difference. The low

and high performing students made about the same number of comprehension

CIrofs.
70
60
o 50
g \
= 40 — =& Comprehension
g v
o / Transformation
o 30
o / === Mathematical processing
20 =>= Encoding
10 n= Number of incorrectresponses
e—— R
0 T S T T ,
1(n=541) 2 (n=458) 3 (n=316) 4 (n=217)

Student performance level

Figure 6. Types of error in all tasks for different performance levels

A nearly similar pattern of error type and performance level was also observed
when the analysis was zoomed in on the connection tasks (see Figure 7). For the
reproduction tasks (see Figure 8) the pattern was also quite comparable. The only
difference was that the high performing students made less comprehension errors
than the low performing students.

3 The diagram in Figure 6 (and similatly in Figure 7, Figure 8, and Figure 9) can be read as follows:
the students at Level 1 gave in total 541 incorrect responses of which 45% contained comprehension
errors, 47% transformation errors, 15% mathematical processing errors, and 5% encoding errors.
Because of multiple coding, the total percentage exceeds 100%.
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Figure 7. Types of errors in connection tasks for different performance levels
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Figure 8. Types of errors in reproduction tasks for different performance levels

For the reflection tasks it was found that the high performing students made more
mathematical processing errors than the low performing students (see Figure 9).
For the other error types, there was no remarkable difference across student
performance levels.
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Figure 9. Types of errors in reflection tasks for different performance levels

5 Conclusions and discussion

The present study was aimed at getting a better understanding of students’ errors
when solving context-based mathematics tasks. Figure 10 summarizes the findings
regarding the types of errors Indonesian nine- and ten-graders made when solving
these tasks. Out of the four types of errors that were derived from Newman (1977,
1983), it was found that comprehension and transformation errors were most
dominant and that students made fewer errors in mathematical processing and in
the interpretation of the mathematical solution in terms of the original real-world
situation. This implies that the students involved in the present study mostly
experienced difficulties in the early stages of solving context-based mathematics
tasks as described by Blum and Leiss (cited in Maass, 2010) and PISA (OECD,
2003b), i.e. comprehending a real-world problem and transforming it into a

mathematical problem.

Furthermore, within the category of comprehension errors our analysis revealed
that most students were unable to select relevant information. Students tended to
use all numbers given in the text without considering their relevance to solving the
task. This finding provides a new perspective on students’ errors in understanding
real-world tasks because previous studies (Bernardo, 1999; Cummins et al., 1988)
mainly concerned students’ errors in relation to the language used in the
presentation of the task. For example, they found that students had difficulties to
understand the mathematical connotation of particular words.
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Typeof errors

Comprehension

Inability to understand the
meaning of atask

Transformation
Inability to
transformation the

Math. Processing

Inability to perform the
mathematical procedures

Encoding

Inability to interpret the
mathematical solution

intermsof thereal
situation

context problem into a
mathematical model

All tasks
All students All students All students

Reproduction tasks
Recalling mathematical All students All students All students All students
properties, performing routine
procedures or standard
agorithms, and applying H L H L H L H
technical sills
Connection tasks
Integrating and connecting All students All students
different mathematical
curriculum strands, or
linking different L H L H
representations of a problem
Reflection tasks

. All students All students All students All students
Using complex problem
situationsin which the
relevant mathematical L H L H L H
procedures are not obvious

Percentage of errors
57% - 70%

43% - 56%

29% - 42%

15% - 28%
0<14%

[ L =low performing students |
| H = high performing students |

aThe percentagesof errorsrange from 0% to 70% because themaximum percentage of students’ errors
is66%. Thisrangeisdivided into five equd levels. Inthefigure, theselevelsarerepresented in cells
with different degreesof shading.

Figure 10. Summary of research findings

The above findings suggest that focusing on the early stages of modeling process
or mathematization might be an important key to improve students’ performance
on context-based tasks. In particular for comprehending a real-world problem,
much attention should be given to tasks with lacking or superfluous information in
which students have to use their daily-life knowledge or have to select the
information that is relevant to solve a particular task.

A further focus of the present study was the relation between the type of tasks and
the types of students’ errors. In agreement with the PISA findings (OECD, 2009a)
we found that the cognitive demands of the tasks are an important factor

influencing the difficulty level of context-based tasks. Because we did not only
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look at the correctness of the answers but also to the errors made by the students,
we could reveal that most errors were not made in the reflection tasks, i.e. the tasks
with the highest cognitive demand, but in the connection tasks. It seems as if these
tasks are most vulnerable for mistakes. Furthermore, our analysis revealed that in
the reflections tasks students made less comprehension errors than in the
connection tasks and the reproduction tasks. One possible reason might be that
most reflection tasks used in the present study did not provide either more or less
information than needed to solve the task. Consequently, students in the present
study did hardly have to deal with selecting relevant information.

Regarding the relation between the types of errors and the student performance
level, we found that generally the low performing students made more
comprehension errors and transformation errors than the high performing
students. For the mathematical processing errors the opposite was found. The high
performing students made more mathematical processing errors than the low
performing students. A possible explanation for this result is that the low
performing students, in contrast to the high performing students, might get stuck
in the first two stages of solving context-based mathematics tasks and therefore are
not arriving at the stage of carrying out mathematical procedures. These findings
confirm Newman’s (1977) argument that the error types might have a hierarchical
structure: failures on a particular step of solving a task prevents a student from
progressing to the next step.

In sum, the present study gave a better insight into the errors students make when
solving context-based tasks and provided us with indications for improving their
achievement. The results signify that paying more attention to comprehending a
task, in particular selecting relevant data, and to transforming a task, which means
identifying an adequate mathematical procedure, both might improve low
performing students’ ability to solve context-based tasks. For the high performing
students, our results show that they may benefit from paying more attention to
performing mathematical procedures.

However, when making use of the findings of the present study this should be
done with prudence, because this study has some limitations that need to be taken
into account. What we found in this Indonesian sample does not necessarily apply
to students in other countries with different educational practices. In addition, the
classification of task types — reproduction, connection and reflection — as
determined in the PISA study might not always be experienced by the students in a
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similar way. For example, whether a reproduction task is a reproduction task for
the students also depends on their prior knowledge and experiences. For instance,
as described by Kolovou, Van den Heuvel-Panhuizen, and Bakker (2009), students
who have not learned algebra cannot use a routine algebraic procedure to split a
number into several successive numbers (such as splitting 51 into 16, 17, and 18).
Instead, they might use an informal reasoning strategy with trial-and-error to solve
it. In this case, for these students the task is a connection task, whereas for
students who have learned algebra it might be a reproduction task.

Notwithstanding the aforementioned limitations, the results of the present study
provide a basis for further research into the possible causes of students’ difficulties
in solving context-based mathematics tasks. For finding causes of the difficulties
that students encounter, in addition to analyzing students’ errors, it is also essential
to examine what opportunities-to-learn students are offered in solving these kinds
of tasks. Investigating these learning opportunities will be our next step in the
CoMTI project.
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Chapter 3

Opportunity-to-learn context-based tasks provided by
mathematics textbooks

1 Introduction

Students’ ability to apply mathematics in various contexts in daily life is seen as a
core goal of mathematics education (e.g., Boaler, 1993; De Lange, 2003;
Graumann, 2011; Muller & Burkhardt, 2007; Niss, Blum, & Galbraith, 2007). This
core goal of mathematics education is also reflected in the Programme for
International Student Assessment (PISA) (OECD, 2003b) in which the assessment
of students’ mathematics achievement focuses on students’ ability to solve
mathematics problems situated in real-world contexts. According to the PISA
Framework (OECD, 2003b), such ability should be an educational core goal
because today and in the future every country needs mathematically literate citizens
to deal with complex everyday surroundings and rapidly changing professional

environments.

Contexts from daily life can also be used as a didactical tool to support the learning
of mathematics. Students’ experiences with these contexts give a meaningful basis
to the mathematical concepts they have to learn (Cooper & Harries, 2002; Van den
Heuvel-Panhuizen, 1996). Furthermore, contexts can provide context-connected
solution strategies (Van den Heuvel-Panhuizen, 1996, 2005). However, this does
not mean that context-based tasks are always easy to solve for students. Several
studies revealed that many students have low performance on such tasks (e.g.,
Clements, 1980; Cummins, Kintsch, Reusser, & Weimer, 1988;Schwarzkopf, 2007,
Verschaffel, Greer, & De Corte, 2000). When solving context-based tasks, students
have difficulties in (1) understanding what a problem is about (Bernardo, 1999;
Cummins et al, 1988), (2) distinguishing between relevant and irrelevant
information (Cummins et al., 1988; Verschaffel et al., 2000), and (3) identifying the
mathematical procedures required to solve a problem (Clements, 1980; Verschaffel
et al., 2000).

As shown by the PISA surveys (OECD, 2003a, 2004, 2007, 2010), one country in
which students have low performance on context-based mathematics tasks is
Indonesia. For example, in PISA 2009 (OECD, 2010) only one third of Indonesian
students could answer mathematics tasks embedded in familiar contexts and less
than 1% of the students could work with context-based tasks in complex situations
which require well-developed thinking and reasoning skills. Furthermore, in a
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recent study (Wijaya, Van den Heuvel-Panhuizen, Doorman, & Robitzsch, 2014) —
which was the first study of the Context-based Mathematics Tasks Indonesia
(CoMTI) project — we found that the errors of Indonesian students when solving
context-based tasks were mostly related to comprehending the tasks, particulatly to
selecting relevant information. Many mistakes were also made in choosing the
correct mathematical operation or concept when transforming a context-based
task into a mathematical problem.

The present study was set up to find an explanation for the difficulties Indonesian
students experience when solving context-based tasks. The approach taken in the
study was investigating what opportunity-to-learn Indonesian mathematics
textbooks offer Indonesian students to develop the ability to solve context-based
tasks. Although the study was situated in Indonesia, we think it is relevant for an
international audience because it contributes to existing knowledge about the
relation between textbooks’ content and what students learn. Moreover, this study
brings in a new aspect of this relation by focusing on the difficulties students
experience when solving context-based tasks.

2 Theoretical background and research questions

2.1 The concept of opportunity-to-learn

A plausible question when particular educational goals are not achieved by
students is whether they have received the education enabling them to reach the
competences expressed in these goals. Therefore, it is no wonder that the concept
of opportunity-to-learn (OTL) came into being. Fifty years ago this concept was
coined by Carroll (1963) when referring to sufficient time for students to learn
(Liu, 2009). OTL was also introduced to ensure the validity of international
comparative studies of students’ achievement. Researchers became aware that
when comparing the achievement of students from different countries curricular
differences across national systems had to be taken into account (Liu, 2009;
McDonnell, 1995). In the report of the First International Mathematics Studies
(Husén, 1967), OTL was defined as “whether or not [...] students have had the
opportunity to study a particular topic or learn how to solve a particular type of

problem” (pp. 162-163).
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2.2 Assessing opportunity-to-learn

To examine OTL several approaches are possible for which various aspects of
OTL can be assessed. Liu (2009) considered four OTL variables: (a) content
coverage, that is the match between the curriculum taught and the content tested,
(b) content exposure, that is the time spent on the content tested, (c) content
emphasis, that is the emphasis the teachers have placed on the content tested, and
(d) quality of instructional delivery, that is the adequacy of teaching the content.
Another approach was offered by Brewer and Stasz (1996) who distinguished three
categories of concern when assessing OTL. The first category is the curriculum
content, implying the assessment of whether the students have been taught the
subjects and topics that are essential to attain the standards. The second category
includes the instructional strategies, assessing whether students have experience
with particular kinds of tasks and solution processes. The third category refers to
the instructional resources. Here are assessed, for example, issues of teacher
preparation and quality of instructional materials.

Besides different aspects of OTL that can be assessed, different methods can also
reveal the OTL students receive. These methods vary from teacher and student
surveys through questionnaires, to carrying out classroom observations, and to
analyzing instructional materials. For example, the first measurements of OTL are
based on questionnaires in which teachers have to indicate whether particular
mathematical topics or kinds of problems have been taught to students. Such
questionnaires were used in the international comparative studies FIMS, SIMS and
TIMSS (Floden, 2002). Furthermore, the TIMSS video studies are an example of
revealing the OTL based on classroom observations (Hiebert et al., 2003). Another
approach applied in TIMSS was to look at what content curricula offer. Schmidt et
al. (1997, p. 4) see the curriculum — and in connection with this — textbook series
as “a kind of underlying ‘skeleton’ that gives characteristic shape and direction to
mathematics instruction in educational systems around the world” and that
provides “a basic outline of planned and sequenced educational opportunities.”

2.3 Opportunity-to-learn and the role of textbooks

Compared to the influence of curricula, textbooks play an even more direct role in
what is addressed in instruction. Teachers’ decisions about the selection of content
and teaching strategies are often directly set by the textbooks teachers use
(Freeman & Porter, 1989; Reys, Reys, &Chavez, 2004). Therefore, textbooks atre
considered to determine largely the degree of students’ OTL (Schmidt et al., 1997,
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Tornroos, 2005). This means that if textbooks differ students will get a different
OTL (Haggarty & Pepin, 2002). As a result, different student outcomes will
appear, which is confirmed by several studies which found a strong relation

between the textbook used and the mathematics performance of the students (see,
e.g. Tornroos, 2005; Xin, 2007).

The recognition of the role of textbooks in mathematics learning in students’
chances to be taught particular mathematical topics and skills has recently led to a
large amount of studies examining OTL offered in textbooks. For example,
textbook analysis was applied to the distributive property (Ding & Li, 2010), the
equal sign (Li, Ding, Capraro, & Capraro, 2008; McNeil et al., 2000), fractions
(Charalambous, Delaney, Hsu, & Mesa, 2010), subtraction up to 100 (Van Zanten
& Van den Heuvel-Panhuizen, 2014), non-routine problem solving (Kolovou, Van
den Heuvel-Panhuizen, & Bakker, 2009; Xin, 2007), and mathematical modeling
(Gatabi, Stacey, & Gooya, 2012).

2.4 Textbook analysis to identify the opportunity-to-learn

To disclose what content is intended to be taught to students, textbooks can be
analyzed in several ways. In TIMSS, textbook analysis initially focused on
investigating the content profiles of textbooks (Schmidt et al., 1997). Later, they
were examined based on five measures (Valverde et al., 2002). The first measure is
the classroom activities proposed by the textbook. The second measure
corresponds to the amount of content covered in textbooks and the mode of
presentation, whether abstract or concrete. The third measure deals with the
sequencing of content. The fourth measure focuses on physical characteristics of
textbooks, for example the size of the book and the number of pages. The fifth
measure characterizes the complexity of the demands for student performance.

Another approach to textbook analysis was proposed by Pepin and Haggarty
(2001). They distinguished four areas on which a textbook analysis can focus,
namely (a) the mathematics topics presented in textbooks and the beliefs about the
nature of mathematics that underlie the textbooks’ content, (b) the methods
suggested in textbooks to help students understand the textbooks’ content, (c) the
sociological contexts of textbooks which examines whether textbooks are adaptive
to students with different performance levels, and (d) the cultural traditions in

textbooks, focusing on how textbooks reflect the cultural traditions and values.
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Charalambous et al. (2010) classified the approaches to textbook analysis in three
categories, namely horizontal, vertical, and contextual. The horizontal analysis
examines the general characteristics of textbooks, such as physical characteristics
and the organization of the textbooks’ content. This analysis gives a first
impression of the OTL because it can provide information about the quantity of
exposure of textbooks’ content. However, information about the quality and the
didactical aspects of the textbooks’ content is not revealed by a horizontal analysis.
Therefore, a vertical analysis is needed to address how textbooks present and treat
the content. Such an analysis offers an in-depth understanding of the mathematical
content. The third category, the contextual analysis, focuses on how textbooks are
used in instructional activities. Therefore, Charalambous et al. (2010) argued that,
in fact, only the first two categories are appropriate to analyze the characteristics of
textbooks.

2.5 Opportunity-to-learn required for solving context-based tasks

The primary requirement for students’ learning to solve context-based tasks is that
students should be offered experiences to deal with essential characteristics of
context-based tasks and should be given the necessary practice in handling these
characteristics.

2.5.1 Nature of the context

A critical characteristic of context-based tasks is the nature of the context.
Concerning mathematical problems, there are several views on what a context
means (De Lange, 1995; OECD, 2003b; Van den Heuvel-Panhuizen, 2005). In the
present study the focus is on real-world contexts, which in PISA are called ‘extra-
mathematical contexts” (OECD, 2003b). In PISA context-based tasks are defined
as problems presented within a ‘situation’ which can refer to a real-world or
fantasy setting, can be imagined by students, and can include personal,
occupational, scientific and public information. This interpretation of a context
matches what De Lange (1995) called a ‘relevant and essential context’, which he
contrasted with a ‘camouflage context’. Tasks with the latter context are merely
dressed-up bare problems, which do not require modeling because the
mathematical operations needed to solve the task are obvious.

2.5.2 Mathematization and modeling process

To solve tasks which include relevant and essential contexts, students need to

transform the context situation into a mathematical form through the process of
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mathematization (OECD, 2003b). Therefore, it is important that context-based
tasks use setting or situation that gives access to and supports the process of
mathematization. In other words, it is crucial that the tasks provide information
that can be organized mathematically and offer opportunities for students to use
their knowledge and experiences (Van den Heuvel-Panhuizen, 2005).

The process of solving context-based tasks requires interplay between the real
world and mathematics (Schwarzkopf, 2007) and is often described as a modeling
process (Blum & Leiss, 2007), which in general contains the following steps (1)
understanding the problem situated in reality; (2) transforming the real-world
problem into a mathematical problem; (3) solving the mathematical problem; and
(4) interpreting the mathematical solution in terms of the real situation.

2.5.3 Adequate mathematical procedures

A further characteristic of a context-based task is that the task cannot be solved by
simply translating the task into a mathematical procedure (Verschaffel, Dooren,
Greer, & Mukhopadhyay, 2010). This means that standard problems which have a
straightforward relation between the problem context and the necessary
mathematics do not help students building up experience to transform a real-world
problem into a mathematical problem. Therefore, students should be set tasks in

which the necessary mathematical procedures are more implicit.

2.5.4 Different information types

Solving a context-based task is not just combining all the information given in the
task (Verschaffel et al., 2010). A context-based task may contain more information
than needed for solving the problem or may even lack necessary information.
Providing more or less information than needed for solving a context-based task is
a way to encourage students to consider the context used in the task and not just
take the numbers out of the context and process them mathematically in an
automatic way (Maass, 2007). Therefore, students should be offered opportunities
to deal with different types of information such as matching, missing, and
superfluous information (Maass, 2010). In this way they can learn to select relevant
information, and to add and ignore information.

2.5.5 Cognitive demands

A final requirement to support students’ learning to solve context-based tasks is
that students can build experience with tasks covering the full range of levels of

cognitive demands, including reproduction, connection, and reflection tasks
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(OECD, 2009a). Reproduction tasks requite the recall of mathematical properties
and the application of routine procedures or standard algorithms. Such tasks do
not require mathematical modeling. Connection tasks require integrating and
linking different mathematical curriculum strands or different representations of a
problem. These tasks also require interpreting a problem situation and engaging
students in simple mathematical reasoning. Reflection tasks include complex
problem situations in which it is not obvious in advance what mathematical
procedures have to be catried out. In fact, this latter category of tasks is the closest
to our definition of context-based tasks. What competences students will
eventually master depends on the cognitive demands of mathematics tasks they
have been engaged in (Stein &Smith, 1998), therefore these reflection tasks should
not be lacking in instruction.

2.5.6 Crucial aspects of opportunity-to-learn context-based tasks

In sum, three aspects of OTL are crucial to develop the competence of solving
context-based tasks. The first aspect is giving students experience to work on tasks
with real-world contexts and implicit mathematical procedures. The second aspect
is giving students tasks with missing or superfluous information. The last aspect is
offering students experience to work on tasks with high cognitive demands.

2.6 Difficulties of Indonesian students in solving context-based tasks

The aforementioned aspects of OTL also emerged as relevant in the first study of
the CoMTI project (Wijaya et al., 2014) in which we investigated Indonesian
students’ difficulties when solving context-based tasks. In the study, which
involved a total of 362 Indonesian students (233 ninth graders and 129 tenth
graders), four types of students’ errors were identified, that is comprehension,
transformation, mathematical processing, and encoding errors. Comprehension
errors correspond to students’ inability to understand a context-based task,
including the inability to select relevant information. Transformation errors are
related to students’ inability to identify the correct mathematical procedure to solve
a problem. The mathematical processing errors refer to mistakes in carrying out
mathematical procedures. Encoding errors refer to answers that are unrealistic and
do not fit the real-world situation described in the task.

Table 1 shows that comprehension and transformation errors were the most
dominant errors made by the Indonesian ninth- and tenth-graders when solving

context-based mathematics tasks. Within the former category most errors were
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made in selecting the relevant information; whereas in the latter category the

students mostly used wrong procedures.

Table 1.
Frequency of students’ error when solving context-based mathematics tasks (Wijaya et al., 2014)
Type of error Frequency  Sub-type of error Frequency
(total errors =
1718)
Comprehension  38% - Misunderstanding the instruction 35%
- Misunderstanding a keyword 15%
- Error in selecting relevant information  50%
Total comprehension error = 653 100%
Transformation — 42% - Using a common mathematical 12%
procedure that does not apply to the
problem situation
- Taking too much account of the 8%
context
- Treating a graph as a picture 12%
- Otherwise using wrong mathematical ~ 68%
procedure
Total transformation error = 723 100%
Mathematical 17% --a
processing
Total mathematical processing etror =
291
Encoding 3% --b

Total encoding error = 51

@ The sub-categories of mathematical processing error are task-specific.

b There is no sub-type for the encoding error.

In addition, in agreement with the results of the PISA study 2003 (OECD, 2009a),
we found in our study that the reproduction tasks were the easiest for the students

(67% of the responses to these tasks got a full credit), whereas the tasks with

higher cognitive demand, the connection and the reflection tasks, had lower

percentages of correct answers (in both types of tasks 39% of the responses got a

full credit).

2.7 Research questions

The purpose of the present study was to disclose what OTL Indonesian

mathematics textbooks offer to Indonesian students for developing the ability to

solve context-based tasks. Based on the literature review the focus was on four
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aspects of OTL: the exposure to context-based tasks, the purpose of the context-
based tasks, the type of information provided in tasks, and the type of cognitive
demand required by tasks. Therefore, the following research questions were

addressed:

1. What are the amount of exposure to and the purpose of context-based tasks in
Indonesian mathematics textbooks?

2. To what extent are different types of information provided in tasks in Indonesian
mathematics texthooks?

3. What are the cognitive demands of tasks in Indonesian mathematics textbooks?

The reason for this study was to find an explanation for the difficulties Indonesian
students experience when solving context-based tasks. Therefore, we also
investigated the connection between students’ difficulties when solving context-
based tasks with the OTL in Indonesian mathematics textbooks. This resulted in

the next research question:

4. What is the connection between students’ errors when solving context-based tasks

with the characteristics of tasks in Indonesian mathematics textbooks?

3 Method

3.1 Mathematics textbooks analyzed

To answer the research questions we carried out a textbook analysis in which we
focused on grade 8. Although according to the National Curriculum (Pusat
Kurikulum, 2003a, 2003b), the topics dealt with in the PISA tasks included in the
CoMTI test are taught from grade 7 to 10, the main emphasis on these topics lies
in grade 8. Of the topics, almost half are taught in grade 8 and the remaining part
is distributed over the three other grades. Moreover, grade 8 can be considered as a
relevant grade year to prepare students for being able to solve context-based tasks
as assessed in the PISA studies.
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The mathematics textbooks chosen for this analysis are shown in Table 2. These
are the textbook series that were used in the schools involved in the first study of
the CoMTI project (Wijaya et al., 2014). All the schools either used a combination
of two of these textbook series or used all three. Of the textbook series MJHS,
which is bilingual, we only analyzed the Indonesian pages.

Table 2.
Analyzed texthooks and material
Textbook seties Abbreviation  Material involved in Publisher

analysis
Matematika: Konsep  MKA “For Junior High School = Indonesian Ministry of
dan Aplikasinya grade VIII” National Education
Matematika MS “For Junior High School =~ Private publisher

grade VIII: 2A & 2B”

Mathematics for MJHS “Part 27 Private publisher
Junior High School

The three textbooks have a similar main structure. All have nine chapters, each
dealing with one mathematics topic. These chapters contain several sub-chapters
discussing specific aspects of the mathematics topic covered in the chapter. For
example, the chapter on ‘Equations of straight lines’ contains the sub-chapters: (a)
the general form of equations of straight lines, (b) the gradient, (c) the relation
between a gradient and the equation of a straight line, and (d) the application of
equations of straight lines.

Each sub-chapter consists of an explanation section, followed by one or more
worked example sections, and a task section with regular tasks which the students
have to solve themselves. The explanation section discusses a particular
mathematics concept, for example, how a rule or formula is obtained (sce
Figure 1). The worked example section contains one or more tasks for which an
answer is given (see Figure 2). This section serves as a bridge between the
explanation section and the task section (Figure 3).

Although the three textbooks have the same number of chapters, they have
different numbers of sub-chapters because they discuss the mathematics topics in
different levels of detail. For example, MJHS discusses the topic of ‘Equations of
straight lines’ in three sub-chapters, whereas the other textbooks spend four sub-
chapters on this topic.
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Figure 1. Explanation section (MS 2A, p. 806).

Figure 2. Worked example section (MS 2A, p. 87).
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Figure 3. Task section (MS 2B, p. 88).

3.2 Procedure of textbook analysis

Following Charalambous et al. (2010), we analyzed the textbooks from two
perspectives, namely their physical characteristics and instructional components
(horizontal analysis) and the characteristics of the tasks (vertical analysis). The
physical characteristics and instructional components of the textbooks were
investigated to provide information about the quantity of exposure to textbook
content. We collected data about the page size, the number of pages, and the page
surface area. Furthermore, we counted the number of explanation sections, the
worked example sections, the task sections with regular tasks, the tasks in worked
example sections, and the regular tasks in task sections. In this analysis we
considered as a task every question or problem with the answer provided (tasks in
the worked example sections) or for which the students have to give an answer
(regular tasks in the task sections). For example, although the task section in
Figure 3 contains two task numbers (7 and 8), in our approach this section has five
tasks (7a, 7b, 8a, 8b, and 8c). The tasks in the worked example sections were
counted in a similar way; therefore Figure 2 contains three tasks (1a, 1b, and 2).
The tasks in the worked example sections and in the task sections could be in a
bare format (with only symbols) or context-based format.
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3.2.1 Framework for textbook analysis focusing on OTL context-based
tasks

The vertical analysis was meant to investigate the OTL to solve context-based
tasks. For this purpose an analysis framework (see Table 3) was developed
addressing the task characteristics: type of context, type of information, and type
of cognitive demand. To investigate the amount of exposure to context-based
tasks, first we identified the type of context used in the tasks in Indonesian
mathematics textbooks. We used the categories distinguished by De Lange (1995)
including ‘no context’, ‘camouflage context’, and ‘relevant and essential context’.
As an extension to the type of context, we also included the ‘purpose of context-
based task’. The reason for including this characteristic was to distinguish whether
a context-based task is used for applying mathematics or for mathematical
modeling (Muller & Burkhardt, 2007; Niss, Blum, & Galbraith, 2007). In the
former the solvers know the mathematics they should apply because the task is
given after an explanation section. In the latter, the solvers start with a real-world
problem and have to identify what mathematics is suitable to solve the problem.

For types of information, we used three types described by Maass (2010):
‘matching information’, ‘missing information’, and ‘superfluous information’. The
categories for the cognitive demands of the tasks were established based on PISA’s
competence clusters (OECD, 2003b) which included reproduction, connection,
and reflection tasks. These categories were used to identify the characteristics of
both the tasks in the worked example sections and in the task sections.

3.2.2 Coding procedure

All tasks in the three textbooks were coded by the first author using the analysis
framework as shown in Table 3. Afterwards the reliability of the coding was
checked through an additional coding by an external coder who coded a random
selection of about 15% of the tasks. This extra coding resulted in a Cohen’s Kappa
of .75 for the type of context, 1.00 for the purpose of the context-based task, .74
for the type of information, and .84 for the type of cognitive demands. These
results indicate the coding was reliable (LLandis & Koch, 1977).
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4 Results

4.1 Physical characteristics and instructional components of the
textbooks

As shown in Table 4 MS has the largest page number and page surface area;
whereas MJHS has the lowest number for these physical characteristics. MKA
takes a middle position and has a page number and page surface area close to the
average of mathematics textbooks from other countries. As reported by Valverde
et al. (2002), the international average number of pages for grade eight
mathematics textbooks is 225 pages and the international median of page surface
area is 115,000 cm2.

Table 4.
Physical characteristics and instructional components of Indonesian mathematics textbooks
Textbook
MJHS® MKA MS
Physical characteristic
Page size (in mm) 205 % 176 % 176 x 250
277 250
Number of pages 146 252 336
Page surface area® (in cm?) 82,906 110,880 147,840
Instructional components
Number of explanation sections 25 42 56
Number of worked example 80 73 90
sections
Number of task sections 79 63 68
Total number of tasks 437 531 1187
Number of tasks in worked 119 91 218
example sections
Number of tasks in task sections 318 440 969

2Only the Indonesian pages of this textbook were analyzed.
b Multiplication of the page number and the area of a page (Valverde et al., 2002).

Regarding instructional components, MS has the largest number of explanation
sections, which is more than double that in MJHS. The largest worked example
sections are also in MS, but for this instructional component the difference
between the three textbooks is small. For the task sections, MJHS has slightly
more than the two other textbooks. We found a large difference between the

69



Chapter 3

textbooks for the number of tasks. MS has a total of 1187 tasks, which is double
the number in MKA and triple that in MJHS. A similar ratio was found for the
regular tasks in the task sections, with respectively 318, 440, and 969 tasks for
MJHS, MKA, and MS.

4.2 The amount of exposure and the purpose of context-based tasks

In relation to Research question 1 it was found that only 8% to 16% of the tasks in
the three textbooks are context-based, with the highest proportion of these tasks in
MS (see Table 5). In MS the proportion of context-based tasks in the worked
example sections and the task sections is about the same, whereas in MJHS and
MKA context-based tasks are used more often in the task sections.

Table 5.

Frequency of types of context

Textbook
Type of context MJHS MKA MS
n % N % n %
Relevant and 1 1 2 2 10 5
Tasks in essential
worked context
example Camouflage context 4 3 1 1 28 13
sections No context 114 96 88 97 180 83
Total 119 100 91 100 218 101
Relevant and 7 2 17 4 29 3
Regular essential
tasks in context
task Camouflage context 24 8 26 6 127 13
sections No context 287 90 397 90 813 84
Total 318 100 440 100 813 100
Relevant and 8 2 19 4 39 3
essential
context
Alltasks - ouflage context 28 6 27 5 155 13
No context 401 92 485 91 993 84
Total 437 100 531 100 1187 100
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In all three textbooks most of the contexts belong to the category of camouflage
context. Regarding the purpose of the context-based tasks, we found that all these
tasks were intended for application as indicated by their position after the
explanation sections.

Examples of each type of context are given in Figure 4, Figure 5, and Figure 0.
Both tasks in Figure 4 and Figure 5 are related to the concept of gradient. The task
in Figure 4 only uses mathematical objects and symbols.

Figure 4. Task with no context (MKA, p. 70).

The task in Figure 5 is set in the context of a ski slope, which is not a daily-life
situation for Indonesian students. This context is an example of a camouflage
context, because it can be neglected in solving the problem. Although the task
includes a real world situation, the photograph of the ski slope is cut and arranged
so that it exactly resembles a straight and the arrows informing the vertical and
horizontal differences also resemble a coordinate system. Furthermore, the words
‘slope’ and ‘gradient’ are mentioned explicitly and the numbers in the picture are
given in such a way that students can immediately interpret the problem as a
mathematical problem and follow the common procedure for calculating the slope
or gradient.
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Figure 5. Task with camoutflage context (MS 2A, p. 79).

Figure 6. Task situated in relevant and essential context (MS 2A, p. 132).

A task with a relevant and essential context is shown in Figure 6. This task asks to
determine the price of four pairs of shoes and five pairs of sandals. To solve this
task students are expected to transform the ‘price problem’ into linear equations
with two variables. However, this mathematical procedure is not explicitly
mentioned in the task, nor are the numbers presented so that a solution procedure
is afforded. The variables for setting up the equations, that is, the number of pairs
of shoes and the number of pairs of sandals, are not explicitly indicated in the task.
Consequently, students need to identify the relevant information and a solution
strategy for solving the task.
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4.3 Types of information provided in tasks

As an answer to Research question 2 we found that for the bare tasks , that is tasks
with no context, almost all (98%, 99%, and 99% of the bare tasks in MJHS, MKA,
and MS respectively) give students exactly the information needed to solve the
problems. However, for the context-based tasks the proportions of tasks with
matching information are lower (i.e. 86%, 85%, and 89% of the context-based
tasks in respectively MJHS, MKA, and MS) (see Table 6). The remaining tasks
have missing information (i.e., 14%, 15%, and 10% of the context-based tasks in
MJHS, MKA, and MS respectively), whereas, except one task in MS, no tasks with
superfluous information were found.

Table 6.
Frequency of types of information in context-based tasks
T ¢ Textbook
ypeot MJHS MKA MS
information
n % n % n %
Context- Matching 4 80 2 67 35 92
based tasks in  Missing 1 20 1 33 2 5
worked Supetfluous 0 0 0 0 1 3
example Total 5 100 3 100 38 100
sections
C Matching 27 77 37 86 138 88
OMEXE T Missing 4 23 6 14 18 12
based tasks in
. Superfluous 0 0 0 0 0 0
task sections
Total 31 100 43 100 156 100
Matching 31 86 39 85 173 89
All context- Missing 5 14 7 15 20 10
based tasks Superfluous 0 0 0 0 1 1
Total 36 100 46 100 194 100

An example of a task with matching information is shown in Figure 7. This task
involves finding the width of a river. The width of the river is mathematically the
leg of a right-angled triangle which can be found by applying the Pythagorean
Theorem. All the information required to apply the Pythagorean Theorem, that is
the lengths of the hypotenuse and another leg, was given.
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Figure 7. Task with matching information (MJHS, p. 150).

In the task in Figure 8 the students are asked to find the minimum length of rope
needed to tie up the three pipes. This task is an example of a task with missing
information, in the sense that not all data are directly given to carry out a
mathematical procedure leading to the answer. In fact, for solving this task
students have to add the lengths of the three external tangents and the three arcs.
However, these lengths are not given. Thus the students must first generate this
data by using further knowledge that can be derived from the contextual situation,
such as the three arcs together constituting precisely a full circle and that one
tangent equals two radii, that is, equals the diameter of a pipe.

Figure 8. Task with missing information (MS 2B, p. 143).
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The task in Figure 9 is an example of a task with superfluous information. The task
was about finding the height of a flashlight. The task provided the diameter of the
top circle and the bottom circle of the flashlight, and the shape and volume of the
flashlight box. The shape of the flashlight box was cuboid; therefore the diameter
of the bottom of the flashlight was not needed to solve the task. Noteworthy is
that we only found one task with superfluous information, which is in the worked
example section.

Figure 9. Task with superfluous information (MS 2B, p. 100).

4.4 Cognitive demands required for solving the tasks

Table 7 shows the answers to Research question 3. In all three textbooks almost all
bare tasks were identified as reproduction tasks (95%, 93%, and 93% of the bare
tasks in MJHS, MKA, and MS respectively).The three textbooks have a small
proportion of connection tasks, ranging from 5 to 7%. Only MS includes reflection
tasks, that is 1% of bare tasks.
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Table 7.
Frequency of types of cognitive demands of bare tasks
o Textbook
Type of cognitive MITIS MIA NS
demands
N % n % n %
Bare tasks in ~ Reproduction 110 96 83 94 172 96
worked Connection 4 4 5 6 8 4
example Reflection 0 0 0 0 0 0
sections Total 114 100 88 100 180 100
Reproduction 271 96 370 93 756 93
Bare tasks in  Connection 16 4 27 7 48 6
task sections  Reflection 0 0 0 0 9 1
Total 287 100 397 100 813 100
Reproduction 381 95 453 93 928 93
All bare Connection 20 5 32 7 56 6
tasks Reflection 0 0 0 0 9 1
Total 401 100 485 100 993 100

Focusing only on the context-based tasks (see Table 8), including a relevant and
essential context or a camouflage context, the proportions of task types according
to their cognitive demand changed remarkably. The proportions of reproduction
tasks in the context-based tasks (47%, 33%, and 56% of the context-based tasks in
MJHS, MKA, and MS respectively) are much lower than in the bare tasks. In the
context-based tasks substantial proportions of connection tasks were found (50%,
67%, and 42% of the context-based tasks in MJHS, MKA, and MS respectively).
However, reflection tasks are still either a minority or absent. Only one such task
was found in MJHS and three in MS. Differences between the three textbooks
were also found for the balance in the type of tasks. MKA contains more
connection tasks than reproduction tasks, whereas MJHS and MS have about the
same proportion of reproduction and connection tasks.
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Table 8.
Frequency of types of cognitive demands of context-based tasks
o Textbook
Type of cognitive NS MIA NS
demands
n % n % n %

Context- Reproduction 2 40 1 33 22 58
based tasks Connection 3 60 2 67 16 42
in worked Reflection 0 0 0 0 0 0
example Total 5 100 3 100 38 100
sections
Context- Reproduction 15 48 14 33 87 56
based tasks Connection 15 48 29 67 66 42
in task Reflection 1 3 0 0 3 2
sections Total 31 99 43 100 156 100

Reproduction 17 47 15 33 109 56
All context-  Connection 18 50 31 67 82 42
based tasks Reflection 1 3 0 0 3 2

Total 36 100 46 100 194 100

Figure 4 and Figure 5 show examples of reproduction tasks. The word ‘gradient’
was explicitly mentioned in the tasks so students could easily identify the required
mathematics procedure and apply it by using all the information. Figure 8, the task
about the three pipes, is an example of a connection task situated in a camouflage
context. The main focus of this task was finding the minimum length of rope to tie
up three pipes, which mathematically was related to the concept of common
tangent of two circles. To find the minimum length of rope students need to find
not only the length of the three common tangents, but also the length of the arcs.
Here, a connection to the concept of an equilateral triangle is needed to find the
measure of the central angle required to calculate the length of the arcs.

A connection task could also be assigned to a bare task, for example the task in
Figure 10. This task was about determining the perimeter and the area of a non-
regular shape. Connecting across representations, that is, circles with different sizes
was required to solve this task.

77



Chapter 3

Figure 10. Connection task situated in no context (MKA, p. 168).

Figure 11 shows an example of a reflection task in a relevant and essential context.
The task involved gaining insight into the mathematical meaning of ‘horizontal
floor’. Although the figures of triangles and their measures are provided, the
mathematical concept related to ‘horizontal flootr’ was not explicitly given. Here,
students needed to identify that the task was related to the Pythagorean Theorem.

Figure 11. Reflection task situated in a relevant and essential context (MS 2A, p. 151).

4.5 Opportunity-to-learn provided in textbooks and students’ errors

To answer Research question 4 we related the results from the textbook analysis to
the errors students made when solving context-based tasks, as found in our first
study in the CoMTI project (Wijaya et al., 2014). Because we only knew that the
group of ninth-graders used the textbooks involved in our analysis, we decided to
focus on the results from the ninth-graders and exclude the tenth-graders.
Moreover, because the schools in our first study used different combinations of
textbooks, we could not exactly classify students’ errors according to the particular
textbooks with which they were taught. Therefore, in Table 9 we included the total
of errors over all schools and for each textbook the proportions of tasks that relate
to these errors.
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Table 9.

Relation between students’ ervors and task characteristics in textbooks
Ninth-graders’ errors Task characteristic Textbook
found in Wijaya et al. MJHS MKA  MS

(2014) (934 errors)

Proportion of tasks (7o)

Comprehension Type of Matching 86 85 89
errors: information in
Proportion of errors context-based
in selecting relevant tasks Missing 14 15 10
information:
21% of all errors Superfluous 0 0 1
Transformation Type of context  No context 92 91 84
errors: ;
Proportion of these in all sk Camouflage 6 5 13
errors: context
45%, of all errors Relevant and 2 4 3
essential
context
Percentage of wrong Type of Reproduction 47 33 56
answers for each type cognitive
of cognitive demand demand in )
- Reproduction: 32%  context-based Connection 50 67 42
- Connection: 61% tasks
- Reflection: 61% Reflection 3 0 2

Combining the findings from the textbook analysis and the error analysis, a
recognizable similarity between these two findings emerged. In 21% of the total of
934 errors (made by 233 ninth-graders) students made comprehension errors by
not selecting the relevant information for solving the tasks. Correspondingly, the
textbook analysis revealed that the textbooks mainly provide context-based tasks
with matching information, and only 11% to 15% of the context-based tasks had
missing or superfluous information.

In relation to the high proportion of transformation errors, the textbook analysis
disclosed that the proportions of context-based tasks in the three textbooks only
range from 8% to 16%. It was also found that only 2% to 4% of these tasks use
relevant and essential contexts. Furthermore, all context-based tasks are located
after the explanation sections in which a particular mathematics topic is discussed.
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This means these tasks are just meant to apply what has been demonstrated in the
explanation section. Thus, from the textbooks’ content, students can scarcely build
up experience in constructing a mathematical model by mathematizing a real-world

situation.

Lastly, regarding the percentage of wrong answers for the context-based tasks of
the various types of cognitive demand we also found a match with what is offered
in the textbooks. The lowest percentage of wrong answers was obtained for the
reproduction tasks which cover 33% to 56% of the context-based tasks in the
three textbooks. For the connections tasks, which form 42% to 67% of the
context-based tasks, about half of the answers were wrong. The largest percentage
of wrong answers belonged to the reflection tasks which include only 0% to 3% of
the context-based tasks in the textbooks.

5 Discussion

As the PISA studies (OECD, 2003a, 2004, 2007, 2010) have shown and our first
CoMTI study (Wijaya et al., 2014) has confirmed, Indonesian students have
difficulties in solving context-based tasks. The present study was meant to disclose
a possible reason for these difficulties by conducting an analysis of three
Indonesian mathematics textbooks. This analysis focused on the OTL to solve
context-based tasks offered by the textbooks. For identifying the characteristics of
the tasks in the textbooks we developed an analysis framework including four
perspectives: the types of contexts in tasks, the purpose of the context-based tasks,

the information used in tasks, and the types of cognitive demands in tasks.

5.1 Opportunity-to-learn and students’ difficulties

Our analysis revealed that context-based tasks are hardly available in Indonesian
mathematics textbooks. The textbooks mostly provide tasks without a context,
which do not require mathematization or modeling activities from the students.
Furthermore, the few context-based tasks in the textbooks do mostly not have a
real relevant and essential context. In addition, the context-based tasks in the
Indonesian textbooks are all located after the explanation sections. This means the
mathematics procedure to be applied is more or less given and students do not
have to identify an appropriate mathematics procedure to solve the tasks; and
consequently not getting enough experience to develop their ability to transform a
context-based task into a mathematical problem. This lack of experience is a
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plausible explanation for the high number of transformation errors made by
Indonesian students. The foregoing conclusion is in agreement with several studies
which showed that students’ lack of experience in a particular type of task
corresponds to their difficulties with the task. For example, Haines and Crouch
(2007) mentioned that particular difficulties of students in mathematical modeling
are due to unfamiliarity with tasks in which students have to identify what
mathematics is appropriate to solve the problem. Similarly, Stein and Smith (1998)
reported that students’ lack of prior experience with open-ended tasks leads to
difficulties when solving tasks in which the mathematical procedure is implicit. A
lack of particular experience is also directly related to a missing OTL in textbooks
as shown in the studies by Li et al. (2008) and McNeil et al. (2006) which revealed
that students have difficulties in interpreting the equal sign as a relation because
the textbooks they use rarely provide equal signs with operations on both sides.

A specific characteristic of context-based tasks that we found missing in the three
Indonesian textbooks is the use of incomplete or irrelevant information, which,
according to Forman and Steen (2001), and Greer, Verschaffel, and
Mukhopadhyay (2007), is crucial for developing students’ ability to apply
mathematics in real-world problems. Of the 276 context-based tasks in the three
textbooks, only 32 have missing information and just one task contains
superfluous information. This means Indonesian students who worked with these
textbooks could not really build up experience in selecting relevant information or
using knowledge of the context to add missing information. Moreover, taking the
freedom to include one’s own knowledge or to neglect given information is
something with which the students should be familiar. Chapman (2000)
emphasized that when students are encouraged to use their own real-world
experiences and to relate school experiences to life outside school, they will
consider contextual information in a task as important to comprehend and solve
the task. The lack of tasks which give students such experiences could explain why
the students made so many comprehension errors.

The substantial number of errors made by Indonesian students in tasks with high
cognitive demands can also be traced back to the content of the Indonesian
textbooks. Of the context-based tasks, less than 3% were reflection tasks.
However, the connection tasks were found in about half the context-based tasks.
This proportion is similar to the proportion of connection tasks in the PISA study
2003 (OECD, 2009a), which might give an impression that Indonesian students
have OTL to solve these tasks. However, we should take into account that the
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context-based connection tasks in Indonesian textbooks are low in number. Over
the three textbooks, only 131 context-based tasks (see Table 8; MJHS: 18; MKA:
31; MS: 82) out of all the 2155 tasks together (see Table 4; MJHS: 437; MKA: 531;
MS: 1187) ask for integrating and connecting different mathematical curticulum

strands, or linking different representations of a problem.

In sum, the results from our analysis of three Indonesian textbooks provide
evidence of a relation between the errors Indonesian students make when solving
context-based tasks and the content offered by the textbooks they use. This
conclusion adds to earlier studies which showed a positive relation between OTL
provided in textbooks and student achievement: the students learn what is
“taught” by the textbook. For example, Tornroos (2005) found a high correlation
between student achievement in a test and the amount of textbook content related
to the test items. Also, Xin (2007) revealed that the algorithmic strategy used by
Chinese students to solve word problem tasks was the strategy suggested in their
textbooks.

5.2 Educational implications

Based on our findings, we recommend including more context-based tasks in
textbooks. Moreover, these tasks should not only be given after an explanation
section, because then the mathematical procedure to be chosen is more or less
fixed (see also De Lange, 2003). The quality of the context-based tasks should also
be of concern. Textbooks should include context-based tasks which offer students
opportunities for mathematization (Freudenthal, 1986; Van den Heuvel-
Panhuizen, 2005). This means that instead of camouflage contexts, relevant and
essential contexts should be used which demand mathematical organization or ask
for mathematization. The context-based tasks to be included in textbooks should
also have superfluous or missing information. Giving such tasks will provide
students not only OTL to select relevant information (Maass, 2010), but also to
identify appropriate mathematics procedures (Greer et al., 2007). Lastly, attention
should also be paid to the cognitive demands of context-based tasks. The
investigated textbooks contain too few reflection tasks to make it possible for
students to develop their ability in complex reasoning. Including more reflection

tasks is essential because they stimulate mathematical thinking and reasoning
related to authentic settings (OECD, 2003b).

Although this study was situated in Indonesia, the results of the study may also be
beneficial for other countries where students have a low performance in context-
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based tasks. For such countries, our study gives strong indications for examining
the OTL to solve context-based tasks as offered in the textbooks in use in these
countties.

5.3 Limitations of the study and directions for future research

To be able to provide strong indications for the relation of OTL as offered in
textbooks and the achievements of students, it is necessary to know at least of
every student which textbook was used to teach him or her. Only then it is
possible to obtain a direct proof of this relation. However, in our study we did not
have a one-to-one link between students’ errors and the textbook the students
worked with because the schools involved in our study used a combination of
textbooks. Not knowing which textbook(s) each student used can be seen as a
limitation of our study; yet we found that in the three textbooks the number of
context-based tasks offered and the nature of these tasks were quite similar.
However, for getting more robust evidence for our findings, it would be necessary
to conduct a further study in which it is known for all students with which
textbook(s) they are taught. In addition, including more grades in a textbook
analysis would provide a better overview of the OTL in textbooks and the relation
with students’ achievements. Moreover, for the purpose of generalizability, our
study could be repeated in other countries where students have low performance
on, for example, context-based tasks used in the PISA studies.

A final limitation of our study is that the relation between student difficulties and
OTL was only investigated from the perspective of OTL in textbooks. Although
textbooks might be used as the main teaching and learning resources in the
classroom (see, e.g., Reys et al., 2004; Valverde et al., 2002), it is clear that teachers
also have an important role. For example, Pepin and Haggarty (2001) found that
how textbooks are used in classrooms is determined by the teachers. Teachers
determine the textbook sections used for students’ exercises, when the textbooks
should be used, and the ways students work with the textbooks. Regarding the use
of context-based tasks for modeling, Ikeda (2007) emphasized the important role
of teachers by arguing that the obstacle in teaching modeling is not only a lack of
modeling tasks in textbooks, but also teachers’ perceptions of mathematics and
understanding of modeling. As noted by Bishop (1988), teachers have a crucial role
in integrating students’ expetriences and cultures in mathematics learning.
Furthermore, following Lampert (1990) and Boaler (1993), if teachers assume that
mathematics is a static body of knowledge and learning is the reproduction of
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facts, procedures and truths, teachers will fail to engage students with context-
based problems or problems with missing or superfluous information. Considering
these facts, we believe that revealing possible reasons for students’ difficulties in
solving context-based tasks should also include investigations into teachers’
teaching practice and teachers’ beliefs and knowledge about context-based tasks.
Consequently, the OTL offered by teachers will be the next focus of the CoMTI
project. Another issue that also needs further attention is the influence of the
classroom culture on the OTL offered to students (see Pepin & Haggerty, 2001).
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Chapter 4

Teachers’ teaching practices and beliefs regarding context-
based tasks and their relation with students’ difficulties in
solving these tasks

1 Introduction

Currently, the ability to apply mathematics is considered a core goal of
mathematics education all around the wotld (see, e.g., Graumann, 2011; NCTM,
2000; OECD, 2003; Scardamalia, Bransford, Kozma, & Quellmalz, 2012;
Schleicher, 2007; Tomlinson, 2004). In the United States this goal is explicitly
stated in the Principles and Standard for School Mathematics (National Council of
Teachers of Mathematics [NCTM], 2000). According to the NCTM (2000, p. 64),
mathematics teaching should enable students to “recognize and apply mathematics
in contexts outside of mathematics.” In the United Kingdom, mathematics
education is aimed at ensuring that young people acquire functional mathematics
(Tomlinson, 2004, p. 29), which includes the knowledge and the capacity to apply
mathematics. This goal is similar to what, for example, in the Programme for
International Student Assessment (PISA) is called mathematical literacy, which
refers to students’ ability “to identify, and understand, the role that mathematics
plays in the world, to make well-founded judgments and to use and engage with
mathematics in ways that meet the needs of that individual’s life as a constructive,
concerned, and reflective citizen” (Organisation for Economic Co-operation and
Development [OECD], 2003, p. 24).

However, despite the significance attributed to applying mathematics in various
contexts, several studies have revealed that student performance in solving
context-based tasks is rather low (Cooper & Dunne, 2000; Sam, Lourdusamy, &
Ghazali, 2001). The PISA 2012 study (OECD, 2013) showed that about 32% of
the total group of students in the 65 participating countries had a performance
below Level 2 and could only answer “questions involving familiar contexts where
all relevant information is present and the questions are clearly defined” (OECD,
2013, p. 61). A further result from the PISA 2012 study (OECD, 2013) was that
there were fifteen countries in which more than half the students performed below
this level.

With respect to students’ difficulties when solving context-based tasks, various
studies showed that students have problems with understanding the wording of
context-based tasks and identifying relevant information (Klymchuk, Zverkova,
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Gruenwald, & Sauerbier, 2010; Prakitipong & Nakamura, 20006). It was also found
that students struggle to select adequate mathematical procedures (Clements, 1980;
Klymchuk et al., 2010) and often just apply a routine procedure without taking
realistic considerations into account (Sepeng, 2013; Verschaffel, Greer, & De
Corte, 2000; Xin, Lin, Zhang, & Yan, 2007).

Indonesia, similar to many other countries, attaches high value to applying
mathematics as a core goal of mathematics education. This is clearly stated in the
Indonesian national curriculum (Pusat Kurikulum, 2003). Nevertheless, in
Indonesia there also is an apparent discrepancy between this goal and outcomes in
student achievement. The PISA results repeatedly showed that Indonesian
students perform low in solving context-based tasks. For example, in the PISA
2009 study (OECD, 2010) 77% of Indonesian students did not reach Level 2.

The result from this PISA study prompted us to set up a project called “Context-
based Mathematics Tasks Indonesia” (CoMTI) to investigate how Indonesian
students’ performance can be improved. The first step in this project was a study
into Indonesian students’ difficulties when solving context-based tasks. We found
that the students mostly got stuck in the early stages of the solving process, i.c.,
they had particular difficulties with comprehending what a problem, situated in a
context, was about and made errors in transforming a context-based problem into
a mathematical problem (Wijaya, Van den Heuvel-Panhuizen, Doorman, &
Robitzsch, 2014). The next step in the CoMTI project was identifying possible
causes of these difficulties. For this, we took the concept of opportunity-to-learn
(OTL) into account, because this is seen as crucial in investigating possible reasons
for students’ low performance (Brewer & Stasz, 1996; Hiebert & Grouws, 2007).
Our first focus was on the OTL offered by textbooks. An analysis of Indonesian
mathematics textbooks revealed that only 11% of tasks were context-based
(Wijaya, Van den Heuvel-Panhuizen, & Doorman, submitted).

Although this low percentage of context-based tasks in textbooks gave a possible
explanation for Indonesian students’ low scores on these tasks, it might not be the
only reason for the low scores, because what is offered in textbooks is not always
identical to what is taught by teachers (Pepin & Haggarty, 2001). For instance,
teachers may leave out and add content, emphasize aspects of applying
mathematics that are not addressed in textbooks, or neglect specific textbook
guidelines. This means that students’ performance can be influenced by teachers’
teaching practices (Grouws & Cebulla, 2000; Hiebert & Grouws, 2007). In other
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words, the teaching practice of teachers can also contribute to the students” OTL.
Moreover, teaching practice is often found to be affected by what teachers think
about mathematics (Ernest, 1989; Stipek, Givvin, Salmon, & MacGyvers, 2001;
Wilkins, 2008). It means teachers’ beliefs may also play a role in the OTL offered
by teachers.

Therefore, to further investigate the OTL to solve context-based tasks given to
students, the present study addressed teachers’ teaching practices in relation with
teachers’ beliefs. In addition, we analyzed whether our findings regarding the OTL
offered by Indonesian teachers correspond to the kinds of errors that Indonesian

students make when solving context-based tasks.

2 Theoretical background

2.1 OTL offered by teachers

To find an explanation for the differences in students’ mathematics performance in
different countries Husén (1967, p. 162-163) introduced the concept of OTL,
which was defined as “whether or not [...] students have had the opportunity to
study a particular topic or learn how to solve a particular type of problem.” This
definition is specified by Brewer and Stasz (1996) who distinguished three aspects
of OTL. The first is the curriculum content which focuses on the scope of the
topics offered to students. The second refers to the teaching strategies teachers use
to present the topics and engage students. The third aspect concerns the
instructional resources, for instance textbooks used to teach the students.

Indeed, several studies (e.g., Husén, 1967; Tornroos, 2005) have found that
curriculum and instructional materials are important for students” OTL. Yet, there
were also studies (e.g., Grouws & Cebulla, 2000; Hiebert & Grouws, 2007) which
revealed that students’ mathematical performance is largely influenced by teachers’
teaching practices. These studies showed that the strategies used by teachers to
teach particular topics, the kinds of tasks they presented to students, and the
nature of the discussions they organized in class are important factors influencing
students’ OTL.
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2.2 Teaching practices contributing to students’ OTL to solve context-
based tasks

From the perspective of mathematical modeling, Antonius, Haines, Jensen, Niss,
and Burkhardt (2007, p. 295) argued that teaching context-based tasks requires
more than an “explanation-example-exercise ritual”, i.e. teacher explains a concept,
gives an example of a problem in which this concept is applied and finally offers
students exercises for practicing problems with this concept. Such a directive
approach does not offer students the opportunity to develop strategic
competences which are necessary to solve context-based tasks (Antonius et al.,
2007), such as understanding the text of problems and selecting relevant
information, identifying and applying appropriate mathematical procedures,
connecting different representations or mathematics concepts, and interpreting
solutions (Blum, 2011; OECD, 2003). To achieve these competences, several
authors (Antonius et al., 2007; Forman & Steen, 2001) emphasized that teachers,
instead of using a directive teaching method, should teach context-based tasks
through a student-centered and investigative teaching approach in which students
are actively involved and the teachet’s role is consultative rather than directive.
Similarly, Blum (2011, p. 25) pleaded for consultative teaching, which he called
“operative-strategic teaching” that emphasizes guiding students to actively and
independently construct new knowledge by using their prior knowledge and
experiences. A key aspect of such teaching is that teachers should keep a balance
between providing guidance and fostering students’ independence for which they
can use flexible interventions and metacognitive prompts to elicit students to
reflect on their own understanding of the problem and on how they selected the
mathematical procedures to solve the problem. Promoting students to reflect can
also be done by providing them with opportunities to assess and (if necessary)
revise their own work (Bell & Pape, 2012).

Further specific recommendations can be given when zooming in on the four
stages of solving context-based tasks: comprehension stage, transformation stage,
mathematical processing stage, and encoding stage (see Blum, 2011).

2.2.1 OTL connected to the comprehension stage

In the comprehension stage, students have to figure out what the problem is about
and to identify the information that is relevant to solving it. Directly telling
students what a context-based task means and what information is required is,
according to Barnes (2000, p. 41), not supportive for their learning because such
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practice causes students to “have less need to struggle and less occasion to make
efforts of their own to achieve understanding.”

Several studies (e.g., Hagaman, Casey, & Reid, 2013; Karbalei & Amoli, 2011) have
shown that the so-called three-step RAP (Read-Ask-Paraphrase) strategy can
stimulate students’ active involvement in getting to know what is asked in the
problem and can improve reading comprehension. The first step of this RAP
strategy is in agreement with Blum’s (2011, p. 24) suggestion to ask students to
“read the text precisely and imagine the situation cleatly.” In the second RAP step,
students are encouraged to figure out what the problem is really asking them. This
approach is similar to Kramarski, Mevarech, and Arami’s (2002, p. 228) suggestion
to train students to formulate and answer self-addressed metacognitive
comprehension questions such as “what is the problem about?” The last RAP step
implies the teacher should ask students to formulate the problem in their own
words. Paraphrasing is helpful for students because it makes problems more
familiar and, consequently, more understandable for them (Karbalei & Amoli,
2011; Kletzien, 2009).

Another important aspect of comprehending a problem is awareness of the
information needed to solve the problem. To achieve this, several authors (Blum,
2011; Forman & Steen, 2001; Lingefjard & Meier, 2010) suggested letting students
discuss the information presented in a problem in relation to what is asked in the
problem. Other approaches are asking students to figure out whether particular
information is missing (Forman & Steen, 2001) or to formulate a self-addressed

question like “Do I already have enough information to solve the problem?”

2.2.2 OTL connected to the transformation stage

In the transformation stage students have to transform a context-based task into a
mathematical problem. Again, directly telling the students what to do might not
offer them an OTL. It is more helpful when students are involved in this process
and can themselves explore different ways of transforming a context-based task
into a mathematical problem which they can use to solve this task. To stimulate
this exploration, students can be asked to formulate and answer questions such as
“What might be a possible mathematical procedure to solve this problem?”
Another approach to achieve this exploration is to call up earlier experiences of the
students when solving similar context-based tasks. In line with this, Kramarski et
al. (2002, p. 228) suggested that teachers should encourage students to formulate
and answer self-addressed questions such as “What are the similarities or
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differences between this problem and the problems I have ever solved?” What all
these approaches have in common is that OTL in the transformation stage needs

to orient students toward identifying relevant mathematical procedures for solving
the problem (Galbraith & Stillman, 2006).

2.2.3 OTL connected to the mathematical processing stage

In the mathematical processing stage, students do not in fact have to deal with the
context-based character of a problem, but only carry out the mathematical
procedure(s) resulting from transforming a context-based problem into a
mathematical problem. Therefore, it is not surprising that for the mathematical
processing stage, none of the aforementioned studies — e.g. Forman and Steen
(2001); Kramarski et al. (2002); Lingefjard and Meier (2010) — gave suggestions
that offer students OTL. Furthermore, the mathematical processing stage can
cover various mathematics topics which might make it difficult to provide a fixed
suggestion or direction. Nevertheless, having fewer mistakes in performing
mathematical procedures would eventually also help students to become better in
solving context-based tasks. Therefore, a teaching practice in which the teacher
stimulates students to check their mathematical procedures can also be considered
an OTL to solve context-based tasks.

2.2.4 OTL connected to the encoding stage

In the encoding stage students have to interpret a mathematical solution in terms
of the situation of the context-based task and take realistic and critical
considerations into account. For this, the students should be encouraged to link
their solution to the situation of the task and to verify the reasonableness of the
solution (Blum, 2011; Forman & Steen, 2001). Kramarski et al. (2002, p. 228)
proposed that teachers should stimulate their students to ask themselves whether
the solution makes sense. Such a teaching practice contrasts with just focusing on
the correctness of the mathematical solution.

2.3 Teacher beliefs contributing to students’ OTL to solve context-
based tasks

Several studies (Beswick, 2005; Ernest, 1989; Stipek, Givvin, Salmon, &
MacGyvers, 2001; Wilkins, 2008) showed the influence of teachers’ beliefs on
teachers’ practice. For example, Beswick found a relation between teachers’
positive beliefs toward the importance of problem solving in mathematics and

their constructivist teaching practice in which students are actively involved in the
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teaching-learning process. According to Ernest (1989), a teachetr’s belief system
consists of three key components; i.e. beliefs (1) about the nature of mathematics,
(2) about the nature of mathematics teaching, and (3) about the process of learning
mathematics. With respect to the belief about the nature of mathematics, Lakatos
(1976) distinguished two philosophical views on mathematics: the absolutist and
the fallibilist. The absolutist view considers that mathematical truth is absolute and
represents objective and certain knowledge (Ernest, 1991) that “somehow exists
apart from everyday human affairs” (Toumasis, 1997, p. 319). Within this view,
mathematical truth is seen as resulting from a deduction process and consisting of
a priori knowledge without observations of the real world. In contrast, the fallibilist
view considers mathematical truth as fallible (Ernest, 1991). According to this
view, mathematical knowledge is open to revision and is related to everyday life,
because it results from human activity in trying to organize patterns and structures
in phenomena outside of and within mathematics (Ernest, 1991; Toumasis, 1997).

Toumasis (1997) and Tuge (2008) extended these different views on mathematics
to views on teaching and learning of mathematics. Their studies pointed out that
teachers with an absolutist view believe mathematics teaching is primarily oriented
toward mathematical content and the practice of procedural skills in which
teachers have the role of demonstrating how students should proceed. In contrast,
teachers with a fallibilist view focus their teaching of mathematics on mathematical
reasoning, the process of organizing patterns and structures, rather than on
practicing procedures and dealing with mathematics as a fixed system. Regarding
beliefs about the process of learning mathematics, within the absolutist view it is
argued that learning mathematics depends on drill or hard exercise of mathematical
procedures (Toumasis, 1997) and that mathematical concepts do not need to be
connected to the real-world context (Tuge, 2008). Teachers with a fallibilist view
are student-centered and believe learning mathematics should involve students in
investigation, exploration, problem solving and discussion (Toumasis, 1997; Tuge,
2008).

Comparing the characteristics of these two views, we may conclude that teachers
with a fallibilist view are well-placed to create teaching practices which provide
students OTL to solve context-based tasks: these teachers see mathematics as
related to everyday life; they emphasize student-centered learning through
investigation, exploration, and discussion, which is also in line with the consultative
teaching described earlier. In contrast, the absolutist view is at risk of not giving

students the chance to solve context-based tasks, because it considers mathematics
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as a set of abstract concepts and focuses on teaching practices which offer students
opportunities to exercise mathematical procedures without connection to a real-

wortld context.

The relation between teachers’ conceptions on context-based tasks and how
teachers use such tasks in their teaching is also emphasized by Chapman (2009).
Teachers who are mostly oriented toward mathematics as computational and
algorithmic problem solving conceptualize context-based tasks as word problems
meant to practice earlier learned procedures. According to Chapman (2009), these
teachers prefer context-based tasks which have a clear question, contain only the
information that is relevant for solving the task, and have an explicit suggestion

about the mathematical procedure to use.

A different conception on context-based tasks is reflected by teachers who use
contexts which have realistic value to students. Such teachers use context-based
tasks as a tool to help students “experience the world” and develop in-depth
mathematical thinking (Chapman, 2009, p. 232). These teachers favor context-
based tasks that offer various opportunities for students to create models to
structure the problems, to explore and connect different mathematical procedures
or concepts, and to select information. In line with this, the teachers in Chapman’s
study (2009) emphasized that students can play with a large amount of
information, which is also in agreement with Verschaffel, Van Dooren, Greer, and
Mukhopadhyay (2010), who pointed out that context-based tasks which do not
include irrelevant information and do not require students to look for additional
information will not support the development of students” modeling competences
and in-depth thinking,

2.4 Research questions

After first investigating the kinds of errors Indonesian students make when solving
context-based tasks (Wijaya et al, 2014), and then looking for a possible
explanation for these errors by examining the OTL provided by Indonesian
textbooks (Wijaya et al., submitted), the present study is researching students” OTL
from the perspective of teachers; focusing on teaching practices and underlying
beliefs. Although the main emphasis was on teaching practices we started with
teachers” beliefs, because having beliefs that support using context-based
mathematics tasks can be considered necessary for a teaching practice that offers
students OTL to solve such tasks. In the present study we addressed the following

research questions:
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1. What beliefs do Indonesian teachers have regarding mathematics, teaching and learning
of mathematics, and context-based tasks?

2. What OTL to solve context-based tasks do teachers offer students in their classroom
practice?
2.a. What kinds of context-based tasks do Indonesian teachers offer their students?

2.b. What teaching approach do Indonesian teachers use to teach context-based tasks?

3. Is there a relationship between the OTL. to solve context-based tasks offered by
Indonesian teachers and the errors Indonesian students make when solving such tasks?

3 Method

3.1 Design of the study

To investigate the students’ OTL to solve context-based tasks offered by teachers,
a teacher survey study was carried out through a written questionnaire and a series
of classroom observations. The results from from the questionnaire and the
observations were compared with the findings from our earlier study (Wijaya et al.,
2014) in which we identified the kinds of errors Indonesian students made when

solving context-based tasks.

3.2 Participants

The participants of the study were Junior High School mathematics teachers
working at seven schools in rural and urban areas in the province of Yogyakarta,
Indonesia. The seven schools were the same schools in which we collected the data
for investigating students’ errors when solving context-based tasks (see Wijaya et
al,, 2014). We chose the province of Yogyakarta for the CoMTI project for reasons
of convenience (the first author originates from this province). All Junior High
School mathematics teachers of the participating schools filled in the
questionnaire. This resulted in a sample of 27 teachers (14 male and 13 female),
including nine Grade 7 teachers, twelve Grade 8 teachers, and eleven Grade 9
teachers!. The teachers had two to 34 years of teaching experience (M = 19,
SD = 10.02).

! The total number is more than 27, because some teachers taught in two grades.
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For the classroom observations we asked all Grade 8 teachers? whether they were
willing to be observed and video recorded during two mathematics lessons in
which they had to address context-based tasks for which we would provide them a
set of tasks. In total, four of the twelve Grade 8 teachers volunteered. The other
teachers either did not feel confident to be observed or argued that spending two
lessons on additional tasks would not fit their time schedule. The teachers whose
lessons were observed were from three different schools, had moderate to long
teaching experience, and all had a Bachelor degree in mathematics education (see
Table 1). They also used the same textbook, Matematika (Textbook for Junior High
School, Grade VIII: 2A & 2B).

Table 1

Teachers whose lessons were observed

Name!  School  Gender Age  Teaching experience  Education

(year) (year) background
Siti A Female 47 26 B.A. (math. education)
Thsan B Male 44 17 B.A. (math. education)
Leni B Female 42 17 B.A. (math. education)
Ratih C Female 30 4 B.A. (math. education)

I These names ate pseudonyms.

3.3 Teacher questionnaire

To gather information about teachers’ beliefs and teaching practices we developed
a written questionnaire. As an addition to five questions about general background
information (age, gender, years of teaching experience, grade taught, educational
background), this questionnaire contained (1) a six-item section regarding teachers’
beliefs about mathematics, mathematics teaching, and mathematics learning, (2) a
four-item section addressing teachers’ beliefs about context-based tasks and one
item on how teachers think about the number of context-based tasks in the
textbooks they use, and (3) a seven-item section on how teachers see their teaching
practices related to context-based tasks.

2 Although Grade 9 students (the 15-year-olds) are the target group of the PISA studies, we decided
to do the observations in Grade 8 because that is where the basis for the performance in Grade 9 is
laid. Moreover, the schools did not give permission to do observations in Grade 9 classes because the
preparations for the National Exam took place in these classes.
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3.3.1 Teachers’ beliefs about mathematics and teaching and learning
mathematics

Of the six items concerning teachers’ beliefs about mathematics and its teaching
and learning (see Table 2), items 1-3 were derived from a questionnaire developed
by Adamson et al. (2002), who investigated teachers’ beliefs by focusing on their
tendency toward an absolutist or fallibilist view. We took these three items because
an absolutist or fallibilist view on mathematics and its teaching might be related to
whether teachers offer students OTL to solve context-based tasks.

We developed items 4-6 ourselves, based on the aforementioned studies of
Toumasis (1997) and Tuge (2008). Item 4 addresses teachers’ beliefs about the
teaching of mathematics and items 5-6 concern beliefs about the learning of
mathematics.

For all six items in this section we used the format of paired opposite statements as
employed by Adamson et al. (2002). We asked the teachers to rate their position on
a five-point rating scale ranging from 1 to 5, in which 1 represents a strong
absolutist view and 5 a strong fallibilist view.

3.3.2 Teachers’ beliefs and reported teaching practice regarding
context-based tasks

The four items in the questionnaire that was used to measure teachers’ beliefs
about context-based mathematics tasks focused on the explicitness of
mathematical procedures and the type of information provided in these tasks. In
addition to these four items, we included an item addressing teachers’ opinions
about the sufficiency of context-based tasks in the textbooks they used. All five
items in this section (see Figure 4) contained a five-point rating scale (ranging from
1 “strongly disagree” to 5 “strongly agree”).

The last part of our questionnaire, which contained seven items, investigated how
teachers think about their teaching practices (see Figure 5). The first three items
focused on how frequently teachers give context-based tasks, make their own
context-based tasks, and on modifying teaching materials. The last four items
examined the characteristics of the context-based tasks teachers offer to their
students. The teachers were asked to indicate on a five-point rating scale the
frequency of presenting particular context-based mathematics tasks (ranging from
1 “never”, 2 “once or twice in a semester”, 3 “monthly”, 4 “weekly”, to 5 “every
lesson”).

100



Teachers’ teaching practices and beliefs

Table 2

Questionnaire for investigating teachers’ beliefs about mathematics and the teaching and learning

of mathematics
Mathematics
Mathematics consists of 0 O O O [ Mathematics consists of objects
objects and patterns that and patterns that can be seen
have no existence outside the in real objects and natural
mind. phenomena.

The beauty of mathematics is 0O O O O [ Thebeautyof mathematics is

found mostly when complex
problems are solved using
abstract concepts.

found mostly in how it is
found in the patterns of
nature.

The most important part of
instruction is the content of
the curriculum.

School mathematics is about
learning skills which are
needed to understand higher
levels mathematics.

Mathematics teaching

0 0 0O 0O [0 Themostimportant part of

instruction is how it
encourages thinking among
students.

00000 School mathematics is about

learning skills that students
will need in daily life.

Mathematics learning is more
likely to occur through drill
or practices of mathematical
procedutes in abstract or
formal forms.

Mathematics learning aims at
motivating students to learn
mathematics as a subject

Mathematics learning

OO0 000 Mathematics learning is more

likely to occur when students
actively engage in problem
situated in various contexts.

(0 O O 0O [ Mathematicslearning aims at

motivating students to learn

skills they need in daily life.

matter.

3.4 Classroom Observations

3.4.1 Procedure

Classroom observations were conducted to further investigate teachers’ teaching
practice regarding context-based tasks. We observed two lessons for each of the
four Grade 8 teachers who volunteered to participate in this part of the study.
Because these classroom observations were intended to investigate how teachers
helped their students to learn solving context-based tasks, rather than to examine

the frequency of dealing with context-based tasks (this was covered by the

101



Chapter 4

questionnaire), we wanted to be sure the teachers would teach context-based tasks
in their lessons. Therefore, we provided them with a set of seven context-based
tasks consisting of twelve questions on graphs of linear equations. This topic was
chosen because it was taught in these schools during the observation period. The
tasks included different kinds of contexts such as internet fees (see Internet task in
Figure 1) and travelling by bike (see Journey task in Figure 2). To offer students
OTL to select relevant information most tasks contained superfluous or missing
information. For example, in the Internet task the relevant information the
students have to identify is 18,000 IDR (the monthly fee for the program Shine),
45 IDR (the fee per 1 MB), and 550 MB (the internet usage in May). Another
characteristic of the tasks was that they did not explicitly provide suggestions about
the mathematical procedure needed to solve them. For example, to solve Question
b in the Internet task the students needed to decide whether making a calculation
or drawing a graph would be helpful to find the answer.

To ensure the ownership of the teachers when teaching context-based tasks the
teachers could employ their own teaching strategies in the observed lessons.
Moreover, they were free to choose which and how many of the provided seven
tasks they would use. In addition they could also include other context-based tasks,
either from their textbook or designed by themselves. The observations were made
by the first author and the lessons were video recorded by using two cameras, a
static camera to record whole class activity and a dynamic camera to record the
interaction between teacher and particular students.

An internet company offers two different programs, i.e. Smile and Shine. Program
Smile charges customers 31,500 IDR for monthly fee and 30 IDR/1 Megabyte (MB).
Program Shine charges customers 18,000 IDR for monthly fee and 45 IDR/1 MB. The
registration fees including the price of modem for both programs are the same, i.e.
300,000 IDR. In January Doni subscribed for program Shine. In May Doni used 550
MB of internet data.

a. How much money should be paid by Doni in May?

Doni’s internet usage is increasing. He wonders whether it will be beneficial to

change the internet program.

b. When Doni’s internet usage is increasing, when should he change the internet
program?

Figure 1. Internet problem
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Last Saturday, Joni and his friends went biking for Time Distance
three hours nonstop. (in minutes) (in km)
During the journey, Joni frequently checked the 10 2.5
odometer on his bike. The table shows the time 20 6
and the distance travelled by Joni and his friends. 35 11
a. Estimated how far Joni travelled after: 60 20.5

- ahalf hour 90 32

- two hours 110 38.5
b. Estimate when Joni reached the fastest speed. 150 50

Figure 2. Journey problem

3.4.2 Data analysis

In total, we video recorded eight lessons. As the unit of analysis we chose an
activity-based chunk of video data. It means that a chunk was not based on a
particular time slot but on an activity that was carried out in class. In our case, this
was a teaching activity related to a context-based task. Because most tasks
consisted of more than one question, we treated an activity related to a question as
a unit. Activities related to bare mathematics tasks were excluded from our

analysis.

The approach we chose for analyzing the video data units was based on what
Erickson (2006) called the part-to-whole deductive approach; an approach that is
used when the analysis has a particular theoretical orientation. As discussed eatlier,
there is evidence from literature that teaching practices which reflect consultative
teaching offer students more OTL to solve context-based tasks than directive
teaching approaches. Therefore, we developed a framework for coding teaching
practices (see Table 3) which included characteristics of both approaches for all
four stages of solving a context-based task. When a teacher did not pay attention

to a particular stage, it was coded as “no instruction”.

The coding was carried out by the first author and afterwards the reliability of the
coding was checked through an additional coding by a researcher of mathematics
education not involved in this study. This extra coding was done based on two
randomly selected lessons from the eight video-recorded lessons. The Cohen’s
Kappa for the coding of these two lessons was .89, which indicates that the coding
was reliable (Landis & Koch, 1977).
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4 Results

4.1 Teachers’ beliefs

4.1.1 Beliefs about mathematics and mathematics teaching and
learning

Regarding teachers’ beliefs, we found the teachers had a tendency towards the
fallibilist view on the nature of mathematics and the teaching and learning of it (see
Figure 3). We found that 48% of the teachers (13 out of 27) rated 4 or 5, which
indicates they tended to believe that mathematics consists of objects and patterns
that can be seen in real objects and natural phenomena and only 7% of the
teachers (two out of 27) tended to believe mathematics consists of objects and
patterns that have no existence outside the mind (Item 1). Regarding beliefs about
teaching mathematics (Item 3), more than 90% of the teachers (25 out of 27)
tended to believe that mathematics teaching should focus on encouraging thinking
and reasoning among students and not only on teaching mathematics content. A
tendency toward the fallibilist view was also found for two beliefs about
mathematics learning. We found that almost 60% of the teachers (16 out of 27)
tended to believe that students’ learning is more likely to occur when students are
actively engaged in problems situated in various contexts (Item 5) and more than
half of the teachers (15 out of 27) indicated believing that mathematics learning has
as an objective to motivate students to learn skills needed in daily life (Item 0).
However, only 26% of the teachers (seven out of 27) agreed that school
mathematics is about teaching skills that students will need in daily life and almost
half (13 out of 27) believed that school mathematics is about teaching pure
mathematics (Item 4). Here, the teachers showed a rather absolutist view on

learning mathematics.
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4.1.2 Beliefs about context-based tasks

Regarding their beliefs about context-based tasks most teachers reflected ideas that
are not considered to be supportive for students’ learning to solve context-based
tasks. Figure 4 shows that three quarters of the teachers (20 out of 27) (strongly)
agreed with explicitly providing mathematical procedures in context-based tasks.
With respect to the type information that is included in a task the teachers’ beliefs
seemed to be more supportive for students’ learning to solve context-based tasks.
Only 41% of the teachers (11 out of 27) (strongly) agreed that context-based tasks
should provide precisely the information that is needed to find the solution;
whereas half of the teachers (14 out of 27) (strongly) disagreed. Yet teachers were
not particularly in favor of including superfluous information; barely 30% of the
teachers (eight out of 27) (strongly) agreed. However, for having less information
than needed the situation was different in which three quarters of the teachers (21
out of 27) (strongly) agreed.

Finally, we asked whether or not the teachers agreed with the statement that the
number of context-based tasks provided in textbooks is sufficient. Almost half (13
out of 27) (strongly) disagreed and only a quarter (seven out of 27) (strongly)
agreed.

Context-based tasks should provide explicit suggestion about
the mathematical procedures required to find the solution

Context-based tasks should provide only information which is
needed to find the solution

Context-based tasks should also include information that is not {
needed to find the solution

%
190%6%%%
2 ’0‘0‘0‘0‘0@‘
L AR KK

Context-based tasks should contain less information than what
is needed to find the solution

The amount of context-based tasks provided in the textbook(s) .
that | useis already sufficient

Strongly B4 Disagree Neutral EJAgree  [JStrongly
disagree agree

Figure 4. Teachers’ beliefs about context-based tasks
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4.2 Teachers’ reported teaching practices

4.2.1 Frequency of offering context-based tasks

As shown in Figure 5, according to the teachers’ own judgment, they frequently
present context-based tasks to their students. 81% of them (22 out of 27) reported
giving context-based tasks at least weekly. Moreover, three quarters (20 out of 27)
stated they make their own context-based tasks at least weekly when such tasks are
not available in the textbooks. Regarding modifying the textbook approach and
supplementing it with additional problems, 81% of the teachers (22 out of 27)
reported doing so at least weekly.

4.2.2 Characteristics of context-based tasks

With respect to the characteristics of context-based mathematics tasks, the
questionnaire data revealed that what the teachers offer to their students are mostly
only plain word problems (see the last four items in Figure 5). Two thirds (18 out
of 27) stated they present context-based tasks with explicit suggestions about the
mathematical procedures at least weekly. The same result was found for context-
based tasks which provide only the information needed to find a solution.
Furthermore, 41% (11 out of 27) reported never giving context-based tasks with
superfluous information. Regarding context-based tasks with missing information,
33% (nine out of 27) reported that they never give such tasks and an equal
percentage of the teachers said to give such tasks weekly.

| give context-based tasks to my students

| make my own context-based tasks when such tasks are {
not available in the textbooks | use

I modify the approach suggested in the textbooks and
supplement it with additional problems and/or activities

| give context-based tasks that provide explicit suggestior
about the required mathematical procedures

| give context-based tasks that provide only information + I
needed to find the solution

iIsgri]\(/)tte ﬁggéz;ttgm ttzsek:ovlvur;iigk;includeinformation that &\\ \\Ngﬁg

| give context-based tasks that contain less information
than what is needed to find the solution

Never KJOnceor  EdMonthly EIWeekly [JEvery

ice in lesson
a semester

Figure 5. Teachers’ reported teaching practices
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4.3 Observed teaching practices

Table 4 shows the number of cases in which mathematics tasks were dealt with in
the eight lessons observed in the four classrooms. Because tasks can consist of one
or more questions we took questions as our unit of analysis. A mathematics
question can be used as cither a worked example (a question with a given answer)
or an exercise (a question to be solved by the students). Unlike worked example
questions which are by definition discussed in class, exercise questions are not
always discussed with the students.

Table 4
Number of Cases a Mathematics Question was Presented in the Four Observed Classrooms
Number of cases related to Number of cases related to
a bare mathematics question a context-based mathematics question
Teacher  \orked  Exercise question Worked Exercise question
example example
question question
Sitd 3 5 (all discussed) - 6 ( 4 discussed)
Thsan 2 2 (all discussed) 2 11 ( 6 discussed)
Leni 3 6 ( 4 discussed) - 6 ( 3 discussed)
Ratih 3 5 (all discussed) - 4 (' 2 discussed)
Total 11 18 (16 discussed) 2 27 (15 discussed)

A total of 29 cases related to a context-based mathematics question were presented
to the students, of which 27 involved exercises and 2 involved worked examples.
The same number of cases was found for the bare mathematics questions, either
designed by the teachers themselves or taken from the textbook. Of these 29 cases,
11 were presented as worked examples. The number of cases in which the teachers
gave a context-based mathematics question ranged from 4 in Ratih’s classroom, to
13 in lhsan’s classroom. lhsan was also the only teacher who included his own
context-based mathematics questions. Another observation related to teaching
practice is that in only half the cases related to a context-based mathematics

question, i.e. 15 cases, the question was discussed in class.

In the following we describe the observed teaching practice in these 15 cases in
more detail. As shown in Figure 6, to help students learn to solve context-based
tasks, the teachers more frequently used a directive than a consultative teaching
approach. Directive teaching was mostly used in the comprehension stage, whereas
consultative teaching was mostly used in the mathematical processing stage. We
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also found a substantial number of cases where no instruction was given. This
happened in all stages, but most often in the encoding and transformation stages.

Teaching approach

Stages of solving context-based tasks Absolute frequency

Comprehension stage

12

Transformation stage

Mathematical processing stage

Encoding stage

Relative frequency
(N=4x 15 cases)

All stages together 7 A

No instruction [ Directive [ Consultative
teaching teaching

12%

Figure 6. Overview per stage and over all stages of the teaching approaches used by
the four teachers in the 15 found cases that were related to a context-based

mathematics question

4.3.1 Comprehension stage

In the comprehension stage, attention was paid to 12 of the 15 cases in which a
question was discussed in class. All teachers used directive teaching, i.e. reading the
tasks aloud and telling students what they were about. Furthermore, no teacher
asked students to paraphrase the tasks and explain what they understood from the
tasks. For the remaining three cases, the teachers did not discuss what the tasks
were about, but directly asked students the mathematical procedure(s) that is
required to find the solution. This means the teachers skipped the comprehension
stage and directly focused on the transformation stage.

An example of directive teaching in the comprehension stage is when Leni and her
students were working on the Jowrmney task (see Figure 2 and Excerpt 1). After
distributing the student worksheet, Leni directly read aloud the text to her students
(see lines 1-4) and demonstrated how to read information in the table (see lines 5-
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7). The students were not given opportunities to paraphrase the task and to derive
information from the table by themselves.

Exccerpt 1. Teacher Leni: Jonrney task

Leni : For task 2 (the Journey task), I will read it for you. [Reading the text] [1]
Last Saturday, Joni and his friends went biking for three hours [2]
nonstop. [...] The table shows the time and the distance travelled by [3]
Joni and his friends. [4]
[Reading the information in the table] After biking for 10 minutes, [5]
Joni checked his odometer showing 2.5 km. After 20 minutes, he [0]
checked his odometer again which showed 6 km; and so on. [7]

4.3.2 Transformation stage

In the transformation stage, nine of the 15 questions were discussed in class. In
eight of these questions directive teaching was observed. For example, Thsan did
not ask his students to interpret the question “if water is poured into the tank in 10
minutes, how much water is in the tank?” by themselves (see Question c¢ in
Figure 7), but he translated this question into “if the value of x is 10, then what is
the value of y?” (lines 1-2 in Excerpt 2).

The water in the backyard is filled in with water every day. Time (x) Volume of water
The relation between the time of filling water and the volume in minutes in the tank (y)
of water poured into the tank is shown in the table. in litre
a. Let x be the time of filling water and y be the volume of o 2
Water poured into the tank. Does every pair of time and the 1 7
related volume given in the table satisfy the equation 2 12
y = 5x + 2? 3 17
b. Plot the points representing the pairs of (x,y) on the Cartesian 4 22
coordinate and sketch a graph passing all these points. 5 27
c. If water is filled into the tank in 10 minutes, how much water
is in the tank?
Figure 7. Water tank task (this task was made by Ihsan)
Exccerpt 2. Teacher Thsan: W ater tank task, Question ¢
Thsan : Okay, now discuss Question ¢. The question means that [1]
“if the value of xis 10, then what is the value of y?” 2]

Another kind of directive teaching observed in the transformation stage was telling
the students what mathematical procedure to carry out. For example, when Leni
and her students discussed a question about estimating the time Joni reached the
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fastest speed (see Question b in Figure 2). Although Leni encouraged her students
to share their answers (see lines 3 and 5 in Excerpt 3), her focus was on the
answers and not on stimulating them to identify relevant mathematical procedures.
Furthermore, Leni directly told her students the fastest speed was the steepest line
(see lines 5-9).

Exccerpt 3. Teacher Leni; Jonrney task: Question b

Leni : Now Question 4. Estimate when Joni reached the fastest speed. [1]
Student 1 : At (the period of) 60-90 minutes. [2]
Leni :  Any other opinion? [3]
Student 2 :  110-150. [4]
Leni : Any other (opinion)? ... The fastest speed means that in a short  [5]
time he (Joni) travelled the furthest distance. Among these lines  [6]
[pointing at the segments on the graph], this (the fastest speed) is  [7]
the line (segment) which is the most ...? ... The fastest speed is  [§]
the steepest line. Which is the steepest line? [9]

In the transformation stage a consultative teaching approach was observed only in
Thsan’s class, when he discussed Question a of the Water tank task (Figure 7). Ihsan
posed questions such as “How do we check it?” and “Which formula?” to
stimulate students to think about strategies to solve the task (see line 2 and 5 in

Excerpt 4).
Excerpt 4. Teacher Lhsan: Water tank task, Question a
Thsan : For Question @ you are asked to check whether they (the pairs of [1]
values in the table) satisfy the equation y = 5x + 2. How do we [2]
check it?
Students :  (By using) subtraction and addition. [3]
Other Using that formula. The formula of y. [4]
students:
IThsan : Which formula? [5]
Students :  The formula y = 5x + 2 [6]
Ihsan :  Okay. If the x is substituted by 0, is it correct that y is 2? [7]
Students :  Yes, it is. [8]
Thsan : Now, let’s try another value ... for x = 3. What is the value of y? [9]
Student 15X 3 + 2 ... 18 (this answer is incorrect; the correct answer is 17).  [10]
Thsan : [Ignoring the student’s answer and directly explaining the steps| [11]
Take x = 3. What is the formula? y = 5x + 2. This means [Writing  [12]
on the board: y = 5% 3 + 2; y = 17]. [13]

In the transformation stage it was further observed that when students had already
found an adequate transformation into a mathematical problem — which was the
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case in six of the 15 questions — the teachers did not discuss with their students
how they arrived at this mathematical problem and whether other procedures
would have also been possible.

4.3.3 Mathematical processing stage

In comparison to the other stages, in the mathematical processing stage a
consultative teaching approach was observed more frequently. In this stage the
teachers posed questions to engage students in discussing mathematical
procedures. Excerpt 4 illustrates interactions between Ihsan and his students
discussing Question a of the Water fank task (Figure 7) which was about checking
whether pairs of values in the table satisfy a given linear equation. In line 7 Thsan
engaged his students in the solving process by asking them to check whether the
result of the substitution was correct. Furthermore, he encouraged students to do
the substitution by themselves (see line 9).

4.3.4 Encoding stage

Our results clearly revealed that the teachers tended to ignore the encoding stage
of solving context-based tasks. They only focused on the correctness of students’
mathematical solutions without connecting the answers to the task’s context. A
consultative approach was observed in only one out of 15 cases, i.e. in lhsan’s
classroom for Question ¢ of the Water tank task (see Figure 7). When a student
gave a number without any measurement unit, Ihsan asked her “Has this already
solved the task?” (see line 2 in Excerpt 5). Contrary to lhsan’s teaching approaches
in the other stages for this question, directive teaching was not used in the
encoding stage. Here he did not directly tell the students to connect the answer to
the context, but stimulated them to reflect on the answer. Furthermore, Thsan also
asked students to explain their opinion (see line 5-6). Moreover, in the end, Thsan
asked his students to conclude the correct answer in terms of the context of the
task (see line 10).

Exccerpt 5. Teacher Lhsan: Water tank task, Question ¢

Thsan : Now let’s check Dina’s answer. This ... if we substitute x [1]

with O then yis 52. Has this already solved the task? [2]
Student 1 : Yes. [3]
Student 2and 3: Not yet. [4]
Thsan : Some of you said “yes”, but some others said “no”. Please 5]

explain why this has not yet solved the task. [6]
Student 2 ¢ Because there is no ‘liter’ [7]
Thsan : Yes, you are right. So, this is 52 .... what? [8]
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Students ¢ Liter. [9]
Thsan :  So, what is the conclusion?
Students : The volume of water in the tank is 52 liters.

4.4 Relation between teachers’ beliefs and teaching practices and
students’ errors

Combining the findings of the present study with our ecarlier findings about the
errors Indonesian ninth-graders made when solving context-based tasks (Wijaya et
al., 2014)3, we found correspondences between students’ errors and teachers’

beliefs and teaching practices regarding context-based tasks.

Table 5 shows that the students made a substantial number of errors in the
comprehension stage, which mostly were errors in selecting relevant information.
In relation to this earlier finding, 41% of the teachers (strongly) agreed that
context-based tasks should only provide matching information. Furthermore, the
same number of teachers (strongly) disagreed that superfluous information should
be included in a context-based task. Regarding their conceived practice, 67% of the
teachers reported that they provide in every lesson or weekly context-based tasks
that contain only the information needed to find the solution. Finally, observed

teaching practice revealed that consultative teaching was not used in this stage.

With respect to the transformation stage, the findings were quite similar. In this
stage students made a high number of errors in identifying the required procedures
and, correspondingly, three quarters of teachers (strongly) agreed that context-
based tasks should state explicitly what mathematical procedure is required.
Moreover, two thirds of the teachers offered students such context-based tasks
weekly or in every lesson. The observed teaching practice showed that in 40% of
the cases no instruction was given related to this stage and that in half the cases
teaching was directive. Hardly any consultative teaching was provided to offer
students opportunities to develop their ability to transform a real-world problem
into a mathematical problem.

3 1In total, 233 ninth-graders were involved in this previous study that was cartied out in school year
2011-2012. The students came from the same schools as the teachers in the present study which took
place in the school year 2012-2013 and involved teachers from Grade 7 to Grade 9. The test that was
administered contained 34 questions distributed over four different booklets. Every student made 13
items. The analyzed data consisted of 3027 responses (students X items). Of these responses 1855
were correct, 346 were missing and 826 were incorrect which included 934 errors (because of the
multiple coding, the number of errors is larger than the number of incorrect responses).
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In the mathematical processing stage the situation was different. Here consultative
teaching was observed in 43% of the cases, which might explain why students
made fewer mathematical processing errors than comprehension and
transformation errors. Lastly, we found that in the encoding stage, where students
only made a few errors, in almost all cases the teachers did not give any instruction
to students. Obviously, the teachers mostly ignored the interpretation of a
mathematical answer in terms of the context of a problem.

5 Conclusions and discussion

5.1 Teachers’ OTL provided to students to solve context-based tasks

In the present study, the OTL to solve context-based tasks that was offered by
teachers was examined in order to find possible causes of students’ difficulties in
solving context-based tasks. This study focused on teachers’ teaching practices and
the underlying beliefs. Data were collected by a teacher survey based on a written

questionnaire and classroom observations.

The first focus of the study was to investigate Indonesian teachers’ beliefs about
the nature of mathematics, the teaching and learning of mathematics, and context-
based tasks (Research question 1). It was found that in general the Indonesian
teachers in the study had a tendency toward a fallibilist view on mathematics, its
learning and teaching. This view suggests that they had ideas that are supportive
for offering students OTL to solve context-based tasks. However, teachers were
not always consistent in their responses. Almost half of them believed that school

mathematics is teaching pure mathematics, which clearly reflects an absolutist view.

Regarding the teachers’ beliefs about context-based tasks, we found the teachers
tended to perceive context-based tasks as merely plain word problems. Most
teachers thought that context-based tasks should provide only the information
needed to find the solution and should explicitly provide the required mathematical
procedures. In line with other researchers (Chapman, 2009; Galbraith & Stillman,
20006; Maas, 2010; Verschaffel et al., 2010), we argue that having such beliefs about
context-based tasks and perceiving context-based tasks as straightforward word
problems will not be supportive for providing students OTL to solve context-
based tasks. Teachers who have such beliefs might only focus on the mathematical
properties or structures of a context-based tasks without attaching great value to
the problems’ context (Chapman, 2009). Furthermore, they might abandon daily
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life knowledge and experiences during the solving process (Galbraith & Stillman,
2006) and might not contribute to the students’ sense-making of a problem
(Verschaffel et al., 2010). Moreover, word problems usually provide mathematical
procedures and therefore do not offer enough opportunities for students to learn
to identify an appropriate procedure or make a mathematical model of the
problem situation (Maass, 2010).

When investigating the kinds of context-based tasks the Indonesian teachers offer
their students (Research question 2a) the questionnaire data indicated a relation
with the teachers’ beliefs. In agreement with their beliefs, the teachers reported
that they mostly gave context-based tasks which explicitly provide the needed
procedures and contain only the information that is relevant for solving the tasks.
Furthermore, most teachers stated that they rarely gave context-based tasks with

superfluous information.

With respect to how context-based tasks were taught (Research question 2b) the
classroom observations revealed that the Indonesian teachers in our sample mainly
used a directive teaching approach. The teachers mainly told the students what the
problem is about, what information they have to use, and what mathematical
problem they have to solve. The teachers also immediately corrected their
students’ mistakes when performing a mathematical procedure, and focused on the
mathematical solution without connecting it to the context of the problem. In
agreement with Antonius et al. (2007) who argued that teaching context-based
tasks requires more than telling what students should do and offering exercises to
practice, we argue that the observed teaching practice in the investigated
Indonesian classrooms cannot be considered to be supportive for providing
students OTL to solve context-based tasks. More specifically, our observation that
in the comprehension stage the teachers did not give their students opportunities
to paraphrase the tasks, might contribute to students’ difficulty in comprehending
a context-based task (see Hagaman, Casey, & Reid, 2008). Paraphrasing would help
students to understand the text of a task, and to get access to what they already
know about the task (Kletzien, 2009). The directive teaching observed in the
transformation stage is also not beneficial to teaching students to solve context-
based tasks, because as Barnes (2000) stressed, this teaching discourages students
to think about mathematical concepts involved in tasks. Only in the mathematical
processing stage did we find the teachers using consultative teaching, which may
be so because the teachers have more experience in teaching mathematical
procedures than in dealing with real-world problems. Therefore they might have
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more flexibility in supporting their students’ learning in the mathematical
processing stage. Lastly, in the encoding stage the teachers tended to completely
ignore the interpretation of mathematical solution(s) in terms of the context of the
problem.

Our finding about teachers’ preference for the directive teaching approach is in
line with results from other studies which also examined teaching practices in
mathematics classrooms in Indonesia (see, e.g., Human Development Department
East Asia and Pacific Region, 2010; Maulana, Opdenakker, Den Brok, & Bosker,
2012). These studies revealed that Indonesian mathematics teachers tended to take
a directive role in which they mostly explain while students write, listen, and
answer closed questions. Maulana et al. (2012) argued that such directive practices
might be caused by a cultural aspect of Indonesian society that considers the
teacher profession as highly respected, so the teacher is considered as the source of
knowledge, whereas students are the recipients.

Lastly, we can conclude that there is a relationship between Indonesian teachers’
teaching practices and their undetlying beliefs regarding context-based tasks and
the errors which the Indonesian students, involved in our earlier study, made when
solving these tasks (Research question 3). The teachers’ beliefs about the kind of
information to be included in context-based tasks and the frequent use of tasks
with matching information correspond to the high occurrences of comprehension
errors, especially errors in selecting information. Similarly, the teachers’ beliefs and
practices regarding context-based tasks with clear indications for the required
mathematical procedures match to students’ transformation errors. Furthermore,
the dominance of directive teaching in the comprehension and transformation
stages might also explain the high number of comprehension and transformation
errors made by the students. The findings of this study indicate that the shortage in
the OTL to solve context-based tasks offered by the teachers is a possible
explanation for students’ difficulties solving these tasks.

5.2 Limitations and recommendations

Due to some limitations of this study, the conclusions should be interpreted with
caution. To begin with, teachers’ reports about their teaching practices regarding
context-based tasks should be considered with prudence because the data were
based on self-report. Another limitation is that the classroom observations were
only conducted in four classrooms and in each of these classrooms only two
lessons were observed. This means that only a snapshot of the teachers’ teaching
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practices was captured. Moreover, in this selection the focus was only on one
mathematics topic. The teachers might have shown different teaching practices if
they were observed for more lessons addressing various mathematics topics. In any
case a larger sample of teachers would have given a more reliable picture of
Indonesian teachers’ teaching practice regarding context-based tasks. Finally, to
answer the research question about the relationship between OTL offered by
teachers and errors made by students we used data, as explained in the Results
section, which came from the same schools, but not from the same cohorts.

These limitations make it clear that to have a more robust understanding of the
teachers’ role in the difficulties students have when solving context-based tasks, it
is necessary to conduct a further research which has a wider scope and includes
more teachers that are followed, with their students, over a long time.
Nevertheless, the present study gives a first understanding of the importance of
the OTL offered by the teachers and added to our earlier study about the OTL to
solve context-based tasks offered in Indonesian textbooks (Wijaya et al,
submitted).

Based on this first understanding we have the following recommendations for
educational practice. When confronted with students’ low performance in solving
context-based tasks teachers (and prospective teachers) should look critically at
their own role in students’ learning processes. Did they really offer their students
opportunity-to-learn to solve context-based tasks? And were they aware of the
different stages of solving context-based tasks, each requiring specific
opportunities-to-learn?
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Chapter 5

Opportunity-to-learn to solve context-based mathematics
tasks and students’ performance in solving these tasks -
lessons from Indonesia

1 Introduction

The broad recognition of the importance of mathematics for coping with the
demands of the 21st century has led to an emphasis on developing students’ ability
to apply mathematics in a real-world context as an important goal of mathematics
education (Eurydice, 2011; Graumann, 2011; National Council of Teachers of
Mathematics [NCTM], 2000; Tomlinson, 2004). This ability is also the focus in the
framework used in the Programme for International Student Assessment (PISA) of
the Organisation for Economic Co-operation and Development (OECD, 2003).
However, notwithstanding the high importance attached to teaching students to
apply mathematics, there is a discrepancy between this intended goal and the
achievement of students. A number of studies (e.g., Cooper & Dunne, 2000; Sam
et al.,, 2001) have shown students’ low performance in solving mathematics tasks
that are situated in real-world contexts. In the PISA studies (OECD, 2010; 2013) it
was found that many students cannot solve real-world problems that require
reasoning skills and mathematical modeling of complex situations.

Also in Indonesia, the application of mathematics in real-world situations is
considered a relevant aspect of the mathematics curriculum (Pusat Kurikulum,
2003). Yet the results of the PISA studies show that Indonesian students perform
low on context-based tasks (e.g., OECD, 2013). This situation prompted us to set
up the Context-based Mathematics Tasks Indonesia (CoMTI) project. The aim of
this project was to identify ways to improve Indonesian students’ ability to apply
mathematics in a real-world context. We began the project with a study which was
aimed at clarifying the difficulties Indonesian students have when dealing with
context-based tasks. In this first study (Wijaya et al., 2014), we analyzed students’
errors in which we found that Indonesian students mainly have difficulties in
comprehending  context-based problems and in transforming them into
mathematical problems. Our second study (Wijaya et al., submitted a) revealed that
one of the reasons for these difficulties might be that Indonesian textbooks do not
offer the opportunity-to-learn how to solve context-based tasks. Indonesian
textbooks contain a low number of context-based tasks. Furthermore, these
context-based tasks are mostly plain word problems, which use dressed-up
contexts, are often very explicit about what mathematical procedures have to be
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carried out, and provide precisely the information that is needed to solve the task.
Finally, in our third study (Wijaya et al., submitted b) classroom observations were
carried out to identify what opportunities teachers offer their students to learn to
solve context-based tasks. Here we noticed that Indonesian teachers mostly used
directive and teacher-centered teaching and did not give students opportunities to
actively get involved in and reflect on the process of solving context-based tasks.

In the present study, the findings of these three earlier studies were synthesized
and used to develop an intervention that offers students opportunity-to-learn to
solve context-based tasks. This intervention was put to the test in a field
experiment in which we investigated whether student performance can be
enhanced by giving students experience in solving context-based tasks that require
the selection of relevant information and an adequate mathematical procedure, and
by offering them a teaching approach that involves them actively in the process of
solving context-based tasks.

2 Theoretical background

2.1 Students’ difficulties when solving context-based tasks

Solving context-based tasks involves a complex process in which students pass
through several stages. According to Blum and Ferri (2009) and Blum (2011), this
process comprises four main stages. The first stage relates to the process of
comprehending what a context-based task is about. In the second stage students
need to look for a mathematical concept or procedure required to solve the task.
In this stage the real-world problem is transformed into a mathematical problem.
The third stage is carrying out the mathematical procedure to solve the
mathematical problem. Finally, in the fourth stage the mathematical solution
obtained in the third stage is interpreted in terms of the context of the task.

In each of these stages students can face difficulties and make errors. Research has
shown that in the first stage students often misunderstand the meaning of the tasks
and misinterpret the terms used in the tasks (Bernardo, 1999; Klymchuk et al.,
2010). In the second stage students are struggle to identify the mathematical
concept or procedure that is needed to solve the tasks (Clements, 1980; Klymchuk
et al., 2010). This difficulty relates to students’ tendency either to apply routine
mathematical procedure without realistic considerations (Verschaffel et al., 2000;
Xin et al., 2007) or to take too much account of the context of the tasks so that no
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mathematical concept or procedure is used (Boaler, 1994). In the third stage where
the mathematical processing is carried out, students can make errors in carrying
out mathematical procedures. At the end of the solving process, in the fourth
stage, students often have difficulties in interpreting a solution in terms of the
context, and give solutions that are not relevant to the context of the tasks (Greer,
1997).

2.2 Opportunity-to-learn to solve context-based tasks

An initial question that can be asked when students perform low on a particular
competence is whether they have received the necessary education to develop this
competence. To cover this question, in the 1960s, the concept of opportunity-to-
learn emerged. Researchers involved in comparative studies became aware that
when comparing the achievements of students in different countries, students’
opportunity-to-learn resulting from curricular differences had to be taken into
account (McDonnell, 1995). In the report of the First International Mathematics
Studies (Husén, 1967), opportunity-to-learn was defined as “whether or not [...]
students have had the opportunity to study a particular topic or learn how to solve
a particular type of problem” (pp. 162-163). Presently, as a result of increasing
requests for accountability and higher achievement standards there is concern
whether students have access to the instruction required to reach these standards.
Therefore, there is a renewed interest for investigating students’ opportunity-to-
learn (Abedi & Herman, 2010). This can generally be done in two ways: by
examining the instructional resources such as textbooks and by surveying the
instructional strategies employed by teachers (Brewer & Stasz, 1996; Grouws &
Cebulla, 2000; Herman et al., 2000).

2.2.1 Opportunity-to-learn offered by textbooks

Textbooks are considered as the main instructional material for teachers (Brewer &
Stasz, 1996), and mediate between the intended and the implemented curriculum
(Valverde et al., 2002). Research has shown that textbooks have a strong influence
on students’ learning (Schmidt et al., 1997; Tornroos, 2005). Therefore, what is
offered in textbooks can be regarded as an important measure for students’
opportunity-to-learn. In this respect several aspects of textbooks may be taken into
account. First, the degree of exposure to particular content included in a textbook
can influence students’ performance. Tornroos (2005) found a relation between
student achievement on a test and the amount of textbook content related to the
test items. Second, the method used in textbooks to help students understand the
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content is also an important aspect. As found by Xin (2007), students tend to solve
word problems by using the solution strategies suggested in the textbooks. Third,
students’ opportunity-to-learn is also determined by the characteristics of the tasks
in textbooks. In this respect, Charalambous et al. (2010) mention the cognitive
demands of tasks and the required types of responses in tasks. For example, it
makes a difference whether students can build up experience with tasks in which
they just have to recall facts and procedures, or that they are offered tasks in which
they have to model a problem situation or reflect on a solution. With respect to
opportunity-to-learn to solve real-world problems, Maass (2007) highlighted the
importance of giving students tasks that have superfluous and missing information.
Such tasks are necessary to direct students to pay attention to the context of the
tasks and to teach students to distinguish between relevant and irrelevant
information. Furthermore, it is also essential to provide students with real-worlds
problems that do not provide explicit suggestions about the required procedures to
develop students’ modeling competence (Maass, 2010).

2.2.2 Opportunity-to-learn offered by teachers’ instructional strategies

In addition to research that shows the influence of textbooks on students’ learning,
there are also many studies (e.g. Eurydice, 2011; Grouws & Cebulla, 2000; Hiebert
& Grouws, 2007) that have highlighted that student performance is affected by the
instructional strategies that teachers use. How teachers teach mathematics and
engage their students influences how well students learn. With respect to the
teaching of context-based tasks, several researchers (Antonius et al., 2007; Blum,
2011; Forman & Steen, 2001) suggested teachers using a teaching approach in
which they take a consultative role and give students opportunities to actively build
new knowledge and reflect on their learning process. Such consultative teaching
offers students opportunity to develop strategic competences that are necessary to
solve context-based tasks, such as understanding the text of problems, selecting
relevant information, identifying appropriate mathematical procedures, and
interpreting solutions. A key aspect of consultative teaching is to keep a balance
between teacher guidance and students’ independence. Both Antonius et al. (2007)
and Blum (2011) recommended the use of metacognitive prompts to create this
balance and Montague (2007) emphasized that these metacognitive prompts help
students to become active learners.

Metacognitive prompts can be provided in the form of self-addressed questions;
ie. students are asked to question themselves while solving a problem. Self-
addressed questions are an important stimulus to help students regulate their
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solving process and reflect on it (Kramarski et al., 2002; Montague, 2007; 2008).
Another kind of metacognitive prompt is giving a verbal prompt or instruction to
help students focus attention on particular aspects of the solving process and to
assist them in carrying out the solving process (Goldman, 1989; Montague, 2007;
Montague et al., 2000). For example, the instruction to undetline the important
information in a task (see e.g. Montague, 2007; 2008) can be used to guide students
to focus on identifying relevant information. Asking students to paraphrase a task
is also an important prompt. According to Karbalei and Amoli (2011) and Kletzien
(2009), students who explain in their own words what the task is about, gain a
better understanding of the task while doing this.

3 Results from our previous studies and the research question

3.1 Indonesian students’ difficulties when solving context-based
tasks

To investigate students’ difficulties when solving context-based tasks we (Wijaya et
al., 2014) analyzed the errors made by students. Four error types — comprehension,
transformation, mathematical processing, and encoding — were distinguished by
associating Newman’s (1977) error categories with Blum and Leiss’ (2007)
modeling process and PISA’s (OECD, 2003) mathematization stages.
Comprehension errors refer to students’ inability to understand a context-based
task, which includes the inability to select relevant information. Transformation
errors correspond to students’ failure in identifying the mathematical procedure
required to solve a task. Mathematical processing errors are related to mistakes in
carrying out mathematical procedures; for example, errors in calculating, solving
algebraic formulae, or interpreting a graph. Encoding errors refer to answers that
are unrealistic and do not match the context of the task.

Our error analysis revealed that 38% of Indonesian students’ errors when solving
context-based tasks were comprehension errors. Students often misunderstood the
question of a context-based task. Students also made remarkable errors in selecting
relevant information in which they tended to use all information given in the text
without considering the relevance of this information. Transformation errors were
found in 42% of students’ errors. Many students used the wrong procedure or
concept when solving a context-based task in which they tended to use a familiar
procedure. Regarding mathematical processing errors which are not directly related
to the context-based character of the tasks, but rather to the mathematical topic
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addressed in the tasks, we found that 17% of all errors were of this type. In our
study, students frequently made errors in interpreting graphs and in dealing with
algebraic formulas or expressions. Finally, encoding errors were found to be in the
minority, with only 3% of students’ errors belonging to this type. An example of
this error type is students giving 70 meter as the pace length of a human.

3.2 Opportunity-to-learn offered in Indonesian textbooks

To find possible explanations for Indonesian students’ difficulties when solving
context-based tasks, we first investigated the opportunity-to-learn to solve context-
based tasks as offered in Indonesian textbooks. For this investigation we carried
out a textbook analysis to get an overview of the characteristics of the tasks
included in the textbooks (see Wijaya et al., submitted a). The framework we
developed for this analysis contained four analysis entries. First, we examined the
type of context used in a task, for which we distinguished three types of context:
no context, camouflage context, and relevant and essential context. Second, a
further analysis was done for the context-based tasks to identify the purpose of the
tasks; which could be application or modeling. Third, we investigated the type of
information that was provided in a task. Three types of information were
considered: matching, missing, and superfluous information. The fourth
characteristic was the cognitive demand of a task. For this the tasks’ types of PISA
(OECD, 2003) were taken into account: reproduction, connection, and reflection.

Our textbook analysis revealed that only 10% of the tasks in the textbooks were
context-based tasks. When zooming in on the characteristics of these context-
based tasks, we found that three quarters of them used a camouflage context,
which means that the context can be neglected when solving the task and that the
procedures are explicitly provided. It also means that the students did not have to
think about transforming the task into a mathematical problem. Furthermore, this
lack of stimulus for transformation was amplified by the fact that all the context-
based tasks were given after the explanation sections in which a particular concept
or procedure was explained. With respect to the type of information, 85% of the
context-based tasks contained matching information, meaning that only the
relevant information was provided. Lastly, only 2% of the context-based tasks in
Indonesian textbooks were reflection tasks, i.e. tasks with the highest cognitive
demands that require constructing original mathematical approaches and

communicating complex arguments and reasoning.
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Combining these findings with our findings regarding the types of students’ errors
strongly indicates that both sets of findings are related. First of all, when only 10%
of the tasks in Indonesian textbooks are context-based one cannot expect
Indonesian students to be good at solving such tasks. Also, the characteristics of
the tasks included in the textbooks are clearly reflected in the students’ errors. For
example, the lack of opportunity students that get in dealing with superfluous and
missing information can be recognized in the large number of errors Indonesian
students made in selecting information. Similarly, the high percentage of students’
transformation errors corresponds to the low number of context-based tasks in
textbooks in which the students had to figure out the mathematical procedure by
themselves.

3.3 Opportunity-to-learn offered by the teaching practices of
Indonesian teachers

Our next step was to investigate to what degree students are offered opportunity-
to-learn to solve context-based tasks by Indonesian teachers in their teaching
practice. For this, we collected data about this teaching practice through a written
questionnaire and classroom observations (see Wijaya et al., submitted b). In the
questionnaire the focus was on the characteristics of context-based tasks that were
offered by teachers. It was found that 18 of the 27 Indonesian mathematics
teachers who were involved in our study gave context-based tasks with explicit
procedures in every lesson or weekly. The same number of teachers gave context-
based tasks with matching information in every lesson or weekly. Regarding
context-based tasks with superfluous information, 11 of the 27 teachers reported
that they never gave such tasks or did so once or twice in a semester. Context-
based tasks with missing information were never given or given only once or twice
in a semester by 9 of the 27 teachers.

To examine in more detail the teaching practice, observations were done in four
classrooms. As studies by Anthonius et al. (2007) and Blum (2011) highlighted that
for teaching mathematical modeling a consultative teaching practice is more
helpful than a directive teaching practice we took this distinction as the perspective
of our classroom observations. In consultative teaching a teacher plays a
consultative role and involves students to actively carry out and reflect on the
process of solving context-based tasks, while in directive teaching a teacher mainly
tells students what they should do to solve a context-based task. Our observations

covered in total eight lessons carried out in four classrooms of four teachers.
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During these observations a total of 15 questions was discussed in class, but we
found consultative teaching for only two questions. Directive teaching in which the
teachers directly told the students what the context-based task was about, or
explained what procedure was needed to solve the task was observed in 7 of the 15
questions. In addition, it was also observed that on some occasions the teachers
did not give attention to a particular stage of the solving process. This happened in
6 of the 15 questions, and mostly applied to the encoding stage in which the
teachers only focused on the correctness of students’ mathematical solutions

without connecting the solutions to the context of the task.

3.4 Research questions

The aim of the present study was to test whether students’ performance in solving
context-based tasks can be improved by offering them the opportunity-to-learn
these tasks. The ingredients for creating this opportunity-to-learn were derived
from what we found in research literature and our three earlier studies. The
opportunity-to-learn comprised context-based tasks with particular characteristics,
which were found to be lacking in Indonesian textbooks, and a consultative
teaching approach that is considered to be supportive in developing students’
ability to solve context-based tasks. To investigate whether offering students this
opportunity-to-learn is an effective way to improve their ability to solve context-
based tasks we looked into the effect of this opportunity-to-learn on both the
correctness of students’ answers and the errors made by them. This led to the

following research question:

Does providing students with an opportunity-to-learn to solve context-based tasks
contribute to students’ performance when solving these lasks and, more specifically, is
there any effect on the correctness of the answers and on the types of errors?

4 Method

4.1 Design of the study

To answer the research question, we carried out a field experiment with a pretest-
posttest control-group design. In the experimental group, the teachers used an
intervention program for their teaching, intended to offer students opportunity-to-
learn to solve context-based tasks. In the control group the students followed a
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teaching program that was developed on the basis of the textbook that they
regularly use.

4.2 Participants

The study took place in six junior high schools located in the province of
Yogyakarta, Indonesia. This province was chosen for reasons of convenience; the
first author originates from this part of the country. In every school an
experimental class and a control class were selected. In four schools there was only
one teacher for each grade; therefore in these schools one teacher taught both the
experimental and the control class. In the other two schools the experimental class
and the control class were taught by different teachers. We left the decision about
the allocation of these teachers to one of the two conditions to the school
principal. All eight participating teachers had a bachelor degree in mathematics
education and considerable teaching experience, ranging from 5 to 32 years
(M = 18.9 years; §D = 9.9 years). In each school several textbooks were in use, but
all schools also had one textbook in common, which was Matematika (Textbook
for Junior High School, Grade VIII: 2A & 2B).

In total, in the six schools 311 eight graders (M = 13.8 years; SD = 0.5 year)
participated in the study, involving 146 students in the experimental group and 165
in the control group. However, the data analysis was based on the 299 students
(M = 13.7 years; SD = 0.5 year) who were present during both the pretest and the
posttest. Of these students, 144 students were in the experimental group and 155
students in the control group.

4.3 Intervention program

4.3.1 The components of the intervention

The purpose of the intervention was to offer students opportunity-to-learn to
solve context-based tasks. The intervention program was designed based on the
findings of our earlier studies and comprised two components: a set of context-
based tasks with particular characteristics and a consultative teaching approach
with metacognitive prompts (see Figure 1). This intervention is illustrated using
one of the context-based tasks used in the intervention program: the Internet task
(see Figure 2).
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An intemmet provider Inter-NET offers two different programs. Program Smile charges
custemers 30.500 IDR as monthly fee and 40 IDR/1 Megabyte (MB). Program Shine
charges customers 20.000 IDR as monthly fee and 52 IDR/1 MB. The registration fees
including the price of modem for both pregrams are the same, namely 300.000 IDR.
In January Doni subscribed to the program Shine. In May Doni used 550 MB of
internet data. How much meoney did he pay in May?

a. Underfine all information given in the task and circle only the information we need
> to answer the question.

b. Reformulate the task with less words by leaving out unnecessary information.

¢. How much money did Doni pay in May?

Deoni’s internet usage is increasing. Now, he has a problem to decide whether it will
be wise to change the interneat pregram.

d. What strategy can we use to solve Doni’s problem?

&. When Deni's intemet usage is increasing, is it better for him to change the internet
pregram? If so, when sheould he do it?

Figure 2. Internet task

4.3.2 Context-based tasks

To compensate what was lacking in Indonesian textbooks the intervention
program offered students context-based tasks that had three characteristics. The
first characteristic was that the context-based tasks should have relevant and essential
contexts that require modeling. The tasks should be a real problem for students. For
example, in the Internet task students encounter a problem that is rather authentic
to them. Figuring out what internet fee Doni has to pay is a meaningful context for
students because there is really something at stake. Therefore students are
stimulated to take the context into account when solving the task instead of just
using the numbers involved to carry out more or less automatically a particular
calculation.

The second characteristic concerned the type of information provided in the
context-based tasks. To offer students opportunity-to-learn selecting relevant
information, context-based tasks were designed with wissing or superfluons information,
Le. tasks that have less or more information than needed to find the solution. For

example, to decide how much Doni has to pay in May, students do not need to use
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the monthly fee for the program Smile (30,500 IDR), the fee per 1 MB (40 IDR),
or the registration fee (300,000 IDR).

The third characteristic required for the context-based tasks was that they do 7ot
contain apparent indications about the procedures that can be used to solve the problem. If
explicit information is given about what procedure to apply, then students are not
offered opportunity-to-learn to decide what would be a suitable mathematical
procedure. Therefore, we designed the Internet task so that students are not put
directly on the track of starting with a particular mathematical procedure, such as
making a calculation, formulating and solving an equation, or drawing a graph.
Instead, students are just asked to decide whether it is better for Doni to change
the internet program and, if yes, when it is better to change. This means that

students have to come up with a procedure by themselves.

4.3.3 Consultative teaching approach

The second component of the intervention program was a consultative teaching
approach. To conduct this approach, we provided the teachers with suggestions to
give metacognitive prompts to students and to stimulate whole-class and peer-to-
peer discussions that promote reflection for all the stages of solving context-based
tasks.

The metacognitive prompts were meant to point students to important aspects of the
tasks and the solving process. A first metacognitive prompt was asking students to
underline all the information included in a context-based task and to discuss the
included information. For example, in the Internet task this prompt was given in
the first assignment. As a second metacognitive prompt, students were asked to
use their own words to explain the Internet task. This paraphrasing of a given
problem was a second type of metacognitive prompt to help students to get a
better understanding of what the problem is about. Finally, a third type of
metacognitive prompt was to elicit self-questioning. For example, in the Internet
task students were stimulated to ask themselves questions, such as “What strategy

can we use to solve Doni’s problem?”.

To make the metacognitive prompts an integral part of the intervention program
they were embedded in the context-based tasks, yet the special character of these
prompts was indicated by printing them in italic. In this way the students (and
teachers) were made aware that the questions differed from the mathematical
questions. In the first two lessons metacognitive prompts were provided for every
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question in the context-based tasks, but in the later lessons the prompts gradually
faded out.

The suggestions for discussions to promote reflection were not embedded in the tasks, but
were only included in the teacher guide. This means that suggestions were
provided for additional instructions or guiding questions. For example, when
students had difficulties with only circling the relevant information in the Internet
task, the teacher could suggest students moving away from the question they had
to answer in this task (“How much money did he pay in May?”) and starting with
identifying the keywords of this question. Based on these keywords students can
look for relevant information in the remaining text.

4.3.4 Outline of the intervention program

The complete intervention program consisted of five 80-minutes lessons each
consisting of an explanation section and an exercise section. In fact, the actual
intervention took place in the exercise sections, which each lasted about 20 to 30
minutes. The intervention was conducted from September 18, 2013 to October 12,
2013. As all schools in Indonesia follow the national curriculum, during this time
period the teachers taught graphical representation of linear equations. Therefore
we chose this topic in designing the intervention program. An outline of the
intervention program is given in Appendix 1. It gives an overview of the sub-
topics of graphical representation of linear equations which were dealt with in the
five lessons, the mathematical goals addressed in each lesson, the goals related to
learning solving context-based tasks, and the context-based tasks that were
included in the program. In total, the program included nine context-based tasks;
in every lesson two and in the last lesson one. Moreover, in order not to lessen too
much the experience of students in solving tasks with bare mathematics, the lesson
series also contained five of such tasks.

4.3.5 Teacher training

Two weeks prior to the intervention, the experimental teachers were trained to
conduct the intervention. The teacher training was done per school because the six
schools were located in different districts and the teachers were busy with their
regular job, so that it was difficult to gather the teachers in one training. The
training consisted of two meetings of 90 to 120 minutes. During these meetings,
the overall goal of the intervention program, the structure of the program, and the
material belonging to this program (student material and teacher guide) were

explained. After this, attention was paid to the importance of the competence of
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solving context-based tasks and the characteristics of context-based tasks. Finally,
examples were discussed of how teachers could help students to deal with
superfluous or missing information and select relevant information, how teachers
could give metacognitive prompts, and how to stimulate students to discuss and
reflect on the solving process.

4.3.6 Fidelity of the implementation of the intervention program

To monitor whether the teachers conducted the intervention in the intended way,
classroom observations were carried out by the first author. Because the
intervention in the six schools took place in the same time period, not all lessons
could be observed. In general, two of each teacher’s five lessons were observed
and for one teacher observations were made in four lessons. After each observed
lesson, a discussion was held with the teacher to reflect on how the intervention
was carried out and to prepare for the intervention in the next lesson. For the
lessons that were not observed the teachers were asked to keep a log and report
how many tasks they discussed in class.

The observations and the teachers’ reports gave the impression that with respect to
the consultative teaching in general the teachers did the intervention according to
the plan. However, for the exposure of context-based tasks, on average the
teachers discussed only six out of the nine tasks that we gave them. Furthermore,
the observations revealed that during the lessons the teachers frequently read the
teacher guide before giving a metacognitive prompt or stimulating discussion and
reflection.

4.3.7 Regular program

Students in the control classes were taught as they were usually taught on the basis
of the textbook that the six schools had in common. This means that the teachers
were using a teacher-centered approach in which they mainly explained and
demonstrated how to solve tasks. In order to make the mathematics content the
same in all the control classes, the control teachers were asked to follow a program
consisting of 19 bare mathematics tasks and 3 context-based tasks. All these tasks
were taken from the common textbook used by the teachers. Consequently, the
context-based tasks all used a camouflage context and explicitly mentioned the
mathematical concepts related to the task. For example, the two tasks shown in
Figure 3 include a staircase and a ski slope, which are real-world contexts, yet
students do not have to think about a staircase and a ski slope in reality. They can
just do the calculation that is asked for, based on the figure of the staircase and the
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. . . . . 5

numbers provided in the picture of the mountainside (e.g. slope = = = 0.9).
48

Furthermore, these two tasks explicitly mention the mathematical concept

gradient, which is relevant to solve these tasks.

Figure 3. Context-based tasks included in the regular program

4.4 Test for measuring students’ performance in solving context-
based tasks

4.4.1 Composition of the test

The test used for measuring students’ performance in solving context-based tasks
was made from released PISA tasks (OECD, 2009b). We selected a total of 17
PISA mathematics units® consisting of 30 items. The 17 mathematics units were
divided over two different booklets. Booklet A contained eight mathematics units
(consisting of 15 items) and Booklet B contained nine mathematics units (also
consisting of 15 items). The items were equally distributed over the two booklets
according to: (1) the cognitive demand of the items as established in the PISA
studies, including reproduction, connection, and reflection (see OECD, 2003;
2009b), (2) the difficulty level of the items as indicated by the percentage of correct
answers found in the 2003 PISA study (OECD, 2009a), and (3) the mathematical
topics involved in the items. Although the intervention involved the topic of
graphical representation of linear equations, only 5 out of 30 items included in the
test were related to graphs, including non-linear graphs.

9 A ‘mathematics unit’ consists of one or more questions that can be answered independently (see OECD,
2003, p. 52). These questions are based on the same context which is generally presented by a written
description and/or a graphic or another representation.
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To avoid a re-test effect due to administering two times the same items, the group
of students in each class was randomly split in half, leading to two groups of which
one got Booklet A as a pretest and Booklet B as a posttest, with the other group
getting these booklets in the reverse order.

4.4.2 Coding of the correctness of the answers

To code students’ responses the scoring scheme of the PISA studies (OECD,
2009b) was used. Of the total of 30 items, 24 items were coded as correct (1),
incorrect (0) or no answer (9). The other items had a partial credit scoring,
including 5 items that were coded as correct (2), partially correct (1), incorrect (0)
or no answer (9) and 1 item that was coded as correct (3), partially correct level 2
(2), partially correct level 1 (1), incorrect (0) or no answer (9). Based on this coding,
we calculated the students’ scores in the two booklets. The maximum score for
Booklet A was 18 and the maximum score for Booklet B was 19.

4.4.3 Psychometric properties of the test

To check the reliability of the two sets of items, which formed our test for
measuring students’ performance in solving context-based tasks, we calculated
Cronbach’s alpha. For the complete test, i.e. booklet A and B combined, this gave
a good « of .80. For the booklets separately we found « = .75 for booklet A, and
o = .69 for booklet B. As the complete sample was split into two groups and each
group got a different booklet as pretest and posttest, we also checked whether the
reliability estimates per booklet changed for whether it was used as a pretest or as a
posttest. Cronbach’s alpha for booklet A as pretest was « = .64 and as a posttest
o = .79, for booklet B as a pretest o = .68 and as a posttest a = .69. These changes
are relatively small and all alphas indicate acceptable to good reliabilities.

4.4.4 Coding of the errors made by students

To code students’ errors when solving the test items we used an analysis
framework that was developed in our earlier study (Wijaya et al., 2014) (see
Appendix 2). The coding was done for students’ an incorrect answer. Furthermore,
more than one code could be given to a student’s work because students could
make more than one type of error.

The coding was carried out by the first author. The interrater reliability of the
coding was checked through an extra coding by a mathematics teacher who was
not part of this study. The extra coding was done on the basis of 12% of the coded
responses, which were randomly selected. With a Cohen’s Kappa of .78, the
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agreement between the first author and the second coder was substantial (Landis &
Koch, 1977).

4.4.5 Statistical analysis

To investigate whether students in the experimental condition improved more than
those in the control condition we used a univariate analysis of variance (ANOVA).
We calculated a gain score for every student to use as dependent variable in the
ANOVA. In order to be able to compare students’ gain scores, taking into account
the different total scores they could obtain on the two booklets (A and B) they got
as pretest or posttest, we standardized the scores per booklet and per order of
presentation of the booklets. So the mean of all students that got booklet A as a
pretest was used to standardize the scores of the students who were in this group,
and for the students who got booklet B as a pretest the mean of all students who
were in this group was used for standardizing the scores. This same procedure was
repeated for the scores on the posttest. The obtained standardized scores were
used to calculate a standardized gain score for every student (“score on A — score
on B” for B as pretest and A as posttest; and “score on B — score on A” for A as
pretest and B as posttest).

5 Results

5.1 Effect of opportunity-to-learn on the correctness of students’
answers

To investigate the effect of the intervention program we carried out a univariate
ANOVA with the gain score (posttest score minus pretest score) as dependent
variable and intervention as a fixed factor. Contrary to our expectations, the
difference in gain scores between the students in the experimental group
Megperimentas = 011, SDogperimenias = 0.99) and the students in the control group
Meonirar = -0.09, SDeosrn= 0.95) was only marginally significant and the effect of the
intervention was small (p = .068; n,2 = .011).

We also took an exploratory look at the effect of the school, finding a significant
main effect for the school students were in (p <.001, np? = .114). In Figure 4 the
different gains for the students in the control and experimental condition in the six
schools are displayed.
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Figure 4. Mean gain scores for students in the control (white) and experimental (gray)

condition in the six schools

Furthermore, we also examined exploratorily whether there was an effect of the
booklet order, and whether there was a relation between the school and the order
in which the booklets were presented. The booklet order by itself did not turn out
to have an effect on the students’ gain scores (p = .884, 1> = .000), but for the
school and the booklet order we observed a significant interaction effect (p = .004,
Np? = .06). Depending on the school the students were in, they had either more
difficulty in solving the items in booklet A or those in booklet B (see Figure 5). For
example, in school S both groups showed a gain in performance when the booklet
order was A-B but not when it was B-A. For this school, booklet B was easier than
booklet A, whereas in school PR the opposite was the case. This difference in
difficulty level of the booklets is remarkable because they were constructed in such
a way that we expected them to be of comparable difficulty.
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Figure 4. Mean gain scotes for students in the control (white) and experimental (gray)

condition in the six schools for both booklet orders

5.2 Effect of opportunity-to-learn on students’ errors

To investigate whether the intervention had an effect on the types of errors, we
carried out an error analysis based on the students’ incorrect responses. In total, we
found 1942 incorrect responses in the pretest (892 in the experimental group and
1050 in the control group) and 1705 incorrect responses in the posttest (744 in the
experimental group and 961 in the control group). In accordance with our finding

on the correctness of the students’ answers the decrease in incorrect responses was
not significant (y? (1, » = 3647) = 1.934, p = .164).

Table 1 presents the results of the error analysis. Looking at the changes in the
total number of errors between the experimental group and the control group we
found that the decrease in the number of errors made by the students in the
experimental group was about ten percent points larger than in the control group:
in the experimental group the decrease in errors was 18%, whereas in the control
group this was 7%. This showed that there was a significant difference between the
experimental group and the control group on the decrease in the total number of
errors (y? (1, n = 4127) = 4.149, p = .042).
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Table 1
The number of errors made by the students in the pretest and the posttest
Number of
Types of errors Percent of
errors Sub-types of errors Group Pre- Post- change
test test
Compre- Errors in understanding ~ Exp. 68 51 - 25%:¢
hension instruction Control 84 93 11%
Errors in understanding ~ Exp. 22 36 64%
a keyword Control 14 39 179%
Errors in selecting Exp. 125 86 -31%
information Control 125 127 2%
Exp. 215 173 - 20%
Toal Control 23 259 16%
Transfor- Procedural tendency Exp. ’ 1> 114%
mation Control 2 9 350%
Taking too much Exp. 11 8 -27%
account of context Control 20 10 - 50%
Wrong mathematical Exp. 487 376 - 23%
procedure Control 582 442 - 24%
Treating a graph as a Exp. 68 59 -13%
picture Control 69 87 26%
Exp. 573 458 - 20%
Total Control 673 548 -19%
Math. Exp. 195 165 - 15%
processing® Control 230 239 4%
Encoding® Exp. 32 33 3%
Control 58 53 - 9%
Totald Exp. 1015 829 - 18%
Control 1184 1099 - 7%

2 A negative value means a decrease

b The sub-types of mathematical processing error depend on the mathematics topics addressed in
the test items

¢ No sub-type for encoding error

d Because of a multiple coding, the number of errors were greater than the number of incorrect
responses.
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Regarding comprehension errors the intervention had a positive influence. In the
experimental group the number of errors decreased by 20%, whereas in the control
group the occurrence of these errors increased by 16%. Particularly, the finding
that there was a reduction of 31% in the number of selecting information errors
and of 25% in the number of understanding the instruction errors, provides
evidence that the metacognitive prompts helped. This was also supported by the
fact that in the posttest work of the students in the experimental group showed
clear signs of underlining and circling information. This was, for example, the case
in the Skateboard task in which students were asked to calculate the minimum and
the maximum price for self-assembled skateboards. This task provided a price list
that included irrelevant information. A typical error when solving this task was that
students included irrelevant information in their calculation. In the pretest this was
done by 19 out of 72 students in the experimental group and by 21 out of 80
students in the control group. In the posttest this error decreased to 6 in the
experimental group and to 12 in the control group.

For the transformation errors the results were different. Here, for both the
students in the experimental and the control group there was on average a decrease
of 20% in the number of errors, but at item level the change in errors differed
between the two groups. For example, in a follow-up question in the Skateboard
task students were asked to determine the number of different skateboards that
can be assembled based on a number of different skateboard components. The
transformation error that most students made was to simply add up the number of
components. This error decreased by 20% in the control group, but by only 3% in
the experimental group. However, for other items we found that for students in
the experimental group, in contrast with the students in the control group, the
number of transformation errors in the posttest was remarkably smaller than in the
pretest. This appeared to be the case for context-based tasks addressing the
interpretation of graphs. For example, in the Speed task in which a graph of the
varying speed of a racing car that drives along a flat 3-kilometer-track is presented,
students were asked to choose from five alternative race tracks along which the car
could have produced the speed graph that was shown. A usual transformation
error for this task was treating a graph as a literal picture of a situation. In the
experimental group the occurrence of this error decreased by 17%, whereas in the
control group it stayed the same. This result can be explained by the fact that in
the intervention program less explicit procedures were given for solving tasks
related to graphs than in the control group. In the regular program the tasks were

mostly cast in a particular mathematical language by which the students were
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immediately directed to the procedure of using linear equations to create tables and
use the numbers in the tables to draw graphs (with x horizontally and y vertically).
Consequently, students in the experimental group had had more opportunities to

learn to interpret and reason about graphs in context-based tasks.

Similar to comprehension errors, for mathematical processing errors the number
of errors decreased in the experimental group while it increased in the control
group. When taking a closer look at the sub-types of the mathematical processing
errors, we found that the largest difference between the two groups was in
arithmetical errors: in the posttest the number of arithmetical errors in the
experimental group barely changed, whereas in the control group the number
increased by 70%. Lastly, regarding the encoding errors we found only a small
number of errors and in both groups the number of these errors hardly changed
between pretest and posttest.

6 Discussion

Although our analysis showed that the students in the experimental group made
more progress than the students in the control group, the difference between the
two groups was only marginally significant and the effect was small. This result
might be due to the short duration of our intervention, which contained only five
30-minute lessons over a two-week period. In such a short time the students might
not have internalized the metacognitive prompts. As highlighted by Veenman et al.
(2006), prolonged training is fundamental for a successful metacognitive
instruction. Furthermore, because the teachers only offered and discussed six of
the nine tasks we provided, the students might not have received enough chances
to deal with the context-based tasks. Finally, following Kramarski et al. (2002),
who indicated that teacher experience in metacognitive instruction influences
student performance, the Indonesian teachers experience with this type of
instruction might have played a role. Several studies have shown that directive
teaching is still the dominant approach in mathematics lessons in Indonesia
(Maulana et al., 2012; Wijaya et al., submitted b; World Bank, 2010).

Based on a closer examination of students’ errors we found a positive effect of our
intervention on students’ ability to comprehend context-based tasks. This finding,
which is in agreement with other studies (e.g., Karbalei & Amoli, 2011; Kletzien,
2009), indicates the potential of the paraphrasing strategy to develop students’ task
comprehension. The improvement in students’ task comprehension was also
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reflected in the progress students made in selecting information. This result
signifies the power of context-based tasks with missing or superfluous information
to develop students’ ability to select information. Furthermore, we would also like
to highlight the benefit of asking students to circle only the relevant information.
This metacognitive prompt seems to be effective in guiding students to thoroughly
look at the information provided in the task.

Despite the promising result regarding task comprehension, in general no effect of
the intervention program on students’ performance in transforming a real-world
problem to a mathematical problem was found. A possible explanation for this
finding is that the intervention took place in teaching a particular topic. The
students might already have been put on the track of the procedure or concept that
is needed to solve the context-based tasks. Therefore, the students in the
experimental group might not have had enough chances to deal with identifying
the needed procedure. Also, Howson (2013) underlined recently that including
context-based tasks in a particular chapter of a textbook will discourage students
from thinking about the required procedure before they solve the tasks.

Because of limited financial resources available for this study there were
restrictions in the way we could set up our research. This resulted in some
limitations that should be taken into account in the interpretation of our findings.
A first limitation is that we could not include a large number of schools to achieve
sufficient statistical power. Furthermore, because of the limited number of schools
that we could take on board, we could not compose two groups of matched
schools followed by a random allocation to the experimental or the control group.
In our design, the two conditions were situated within every school. However,
most schools had only one teacher for each grade, which means that in these
schools the experimental students and the control students were taught by the
same teacher. This is not an ideal situation, because what the teachers did in the
experimental group might have had an influence on their teaching practices in the
control group. Another shortcoming of the study is that we could not include a
measure of the students’ general achievement level in mathematics in the analysis,
because the different districts where the schools were located administered their
own tests for Grade 8, which made the scores of students in different schools not
comparable.

These limitations ask for further research to get a more thorough understanding of

whether and how students’ ability in solving context-based tasks can be improved
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by offering them a particular opportunity-to-learn. Such research should include a
large sample of schools and teachers. In addition to our study, new research should
also include data on the quality of the schools, the teachers’ teaching experience
and the students’ achievement level in mathematics. All these factors might have
an influence on the effect of an intervention program aimed at improving students’
performance in context-based tasks.

7 Conclusion and policy implications

In Indonesia great attention is paid to developing students’ ability to apply
mathematics. This is reflected not only in the Indonesian national curticulum, but
also in Indonesia’s regular participation in the PISA study and in the nationwide
educational movement implementing Realistic Mathematics Education (see e.g.,
Sembiring, Hadi, & Dolk, 2008). With respect to the application of mathematics as
an educational goal, we would like to highlight two relevant recommendations
based on the findings of our study. First, our results showed the need for a
textbook quality improvement program. Because textbooks are the primary
resources in the Indonesian classroom practice and are found to be of influence on
what students learn, textbooks give the Indonesian government a powerful steering
instrument for improving students’ achievement in the application of mathematics.
Through the publication of freely available (electronic) textbooks the government
can reach all teachers, and offer students more opportunity-to-learn. However, this
necessitates that textbook authors include more context-based tasks in textbooks,
especially more tasks that have superfluous or missing information, and more tasks
with non-explicit procedures. With respect to the latter we also advice to revise the
chapter structure of textbooks somewhat by including in the exercise sections not
only context-based tasks that are related to the topic discussed in the chapter, but
also context-based tasks that refer to topics discussed in other chapters. Of course,
commercial publishers are also invited to improve their textbooks in the same
direction.

Our second recommendation is related to one of the quality requirements of the
Teacher Law set by Indonesian government, i.e. the need for higher standards in
classroom teachings, in which teachers are required to engage students in the
learning process (Jalal et al., 2009). Based on our experiences with the consultative
teaching approach (giving metacognitive prompts and room for discussion and
reflection) as included in the intervention program, we found that such an

approach is helpful to get students involved in the learning process of solving
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context-based tasks. Moreover, it turned out to be also feasible for teachers to
carry out as an alternative for their teaching practices. However, as was the case in
our project, professional development will be necessary to guarantee an
appropriate implementation and a widespread and prolonged practice of
consultative teaching. Therefore, we suggest including consultative teaching as a
subject in the two major teacher training programs in Indonesia, i.e. in-service
teacher profession training, which is called PLPG, and professional education for
pre-service teachers that is called PPG.

With the abovementioned recommendations we would like to underline the
significance of the availability of appropriate instructional resources and
professional development for teachers as key aspects for a sound implementation
of a national curriculum and the improvement of student achievement.
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Chapter 6

Conclusion

1 Gains from the study

The main purpose of this PhD research was to gain a better insight into
Indonesian students” low performance on context-based mathematics tasks and to
generate recommendations for improving student performance. To achieve this
goal, three interrelated issues regarding context-based mathematics tasks in
Indonesia were studied. First, it was investigated what difficulties Indonesian
students experience when solving context-based tasks. Second, it was examined
why Indonesian students struggle with context-based tasks, for which the focus was
on analyzing textbooks and investigating teachers’ teaching practices. Lastly, to
study Abow student performance can be improved, students were provided with
opportunity-to-learn to solve context-based tasks and afterward the effects of this
opportunity-to-learn on students’ performance was examined.

1.1 Indonesian students’ difficulties when solving context-based
tasks

In the first study of this PhD research the difficulties experienced by Indonesian
students when solving context-based tasks were examined through an analysis of
students’ errors. This approach was chosen because students’ errors provide access
to students’ reasoning (Brodie, 2014) and are considered a powerful soutrce to
diagnose learning difficulties (Batanero, Godino, Vallecillos, Green, & Holmes,
1994; Borasi, 1987; Seng, 2010).

The error analysis revealed that Indonesian students primarily had difficulties in
comprehending context-based tasks and in transforming real-world problems into
mathematical problems. In the process of comprehending a context-based task,
students often made errors in selecting relevant information, i.e. they tended to use
all information provided in the task. This finding adds to the results of the PISA
studies (e.g. OECD, 2013) that most Indonesian students can solve context-based
tasks if all relevant information is given and the questions are cleatly stated. In line
with Jupri, Drijvers, and Van den Heuvel-Panhuizen (2014), it was found that
when Indonesian students had to transform a real-world problem into a
mathematical problem many of them were unable to identify the required
mathematical concept or procedure. The students had a tendency to apply a
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familiar procedure or calculation without considering its relevance for the context
of the task.

In addition to these specific results, this study showed how analyzing students’
difficulties can be a crucial preliminary step in the process of improving student
performance because it sheds light on key aspects of solving context-based tasks
that need to be developed. For example, the findings of this study suggest that
improving the task comprehension of Indonesian students requires a focus not
only on students’ language competence, but also on the ability to select relevant
information. Furthermore, the ability to identify the required procedure or concept
was found to be another key competence that needs to be improved.

1.2 Identifying why Indonesian students struggle with context-based
tasks: The opportunity-to-learn as a key concept

The next step to find ways to improve student performance on context-based tasks
was identifying possible explanations for students’ difficulties. The concept of
‘opportunity-to-learn’ was used as a key reference to investigate whether students
have received education and experiences that are supportive for them to learn to
solve context-based tasks. This investigation was focused on two aspects: the
opportunity-to-learn that is provided in Indonesian mathematics textbooks and the

opportunity-to-learn that is offered by teachers through their teaching practices.

1.2.1 Context-based tasks in Indonesian mathematics textbooks

In order to find possible explanations for Indonesian students’ difficulties, a
second study was conducted to analyze the mathematics textbooks that were used
in the schools participating in the first study. This textbook analysis study focused
on the mathematics tasks that were provided in the textbooks.

The analysis revealed that Indonesian mathematics textbooks contained an
insufficient number of context-based tasks. Only 10% of the tasks in the textbooks
were context-based. To get a better picture of the relation between textbooks and
student performance, an in-depth analysis of the characteristics of these context-
based tasks was carried out. The results of this analysis provided indications for a
relation between the characteristics of the context-based tasks in Indonesian
mathematics textbooks and the types of errors made by students when solving
such tasks. First, most of the context-based tasks in the textbooks used camouflage
context and provided explicit suggestions about the procedure required to solve
the tasks. This characteristic corresponds to the large number of students’ errors in

163



Chapter 6

transforming a real-world problem into a mathematical problem that includes
errors in identifying the required procedure. As underlined by Haines and Crouch
(2007), students’ unfamiliarity with tasks that require identifying the necessary
procedure leads to students’ difficulties in mathematical modeling. Second, it was
found that most of the context-based tasks in the textbooks provided the exact
information that was necessary to solve the tasks; so students had no experience in
selecting relevant information. This finding matches the high number of students’
errors in selecting information.

In conclusion, the findings of this study indicate that Indonesian mathematics
textbooks do not provide students enough opportunity-to-learn to solve context-
based tasks. It also means that the textbooks do not seem to optimally put into
practice the mandate of the national curriculum with regard to developing
students’ ability to apply mathematics.

1.2.2 Indonesian teachers’ teaching practices of context-based tasks

In the third study, teachers’ teaching practices were investigated to identify from
this perspective the opportunity-to-learn to solve context-based tasks that is
offered to Indonesian students. Moreover, considering the potential influence of
teachers’ beliefs on teaching practices, the beliefs of Indonesian teachers were also
investigated.

Teachers’ beliefs

The findings of this study showed that the involved teachers tended to perceive
context-based tasks merely as plain word problems. The teachers focused only on
the use of simple real-world contexts without really taking mathematical modeling
into account and argued that the mathematical procedure required to solve a
context-based task should be given explicitly. Furthermore, the teachers also did
not consider missing and superfluous information as an important characteristic of
a context-based task. In sum, the teachers did not hold beliefs that are supportive
towards providing students with opportunity-to-learn to solve context-based tasks.

Teachers’ teaching practices

Two aspects of teachers’ teaching practices were investigated in this third study.
The first aspect is the characteristics of the context-based tasks offered by teachers
to students in which an indication for the influence of teachers’ beliefs on teaching
practices was found. In line with their beliefs about context-based tasks, the
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teachers mostly gave students context-based tasks that had explicit indications
about the required procedure and provided only the relevant information. The
second aspect is the teaching approach used by teachers to help students learn to
solve context-based tasks. It was revealed that the teachers mostly used directive
teaching. In directive teaching, students are not actively involved in reflecting on
and carrying out the stages of solving context-based tasks. With respect to the
process of comprehending a context-based task the teachers frequently told
students what the task was about and what information was needed to solve it.
This directive teaching approach was also observed in the process of transforming
a real-world problem into a mathematical problem. It was visible in how the
teachers directly told their students the mathematical procedure required to solve
the task. In contrast to directive teaching, a consultative teaching approach, in
which students get opportunities to actively perform and reflect on the solving
process, was rarely used by the teachers. This teaching approach was mostly
observed in the process of carrying out mathematical procedures, which, in fact, is
a process in which students do not have to deal with the contexts of a task.

Correspondences were indicated between teachers’ teaching practices and students’
difficulties in solving context-based tasks. A lack of opportunities for students to
paraphrase a context-based task seems to be related to students’ difficulty in
comprehending a context-based task because, as pointed out by Kletzien (2009),
paraphrasing helps students understand the text of a task. Teachers’ direct advice
regarding the procedures to be carried out might correspond to students’
transformation errors because, according to Barness (2000), it will discourage
students from thinking about the mathematics concepts addressed in the task.

In conclusion, the observed teaching practices of the teachers seem to be not
supportive for students to learn solving context-based tasks because, according to
Antonius, Haines, Jensen, Niss, and Burkhardt (2007) and Forman and Steen
(2001), teaching context-based tasks requires more than telling students what they
should do. This finding suggests that improving the teaching practices of context-
based tasks might contribute to improving student performance on such tasks.

1.3 Opportunity-to-learn to solve context-based mathematics tasks
and students’ performance in solving such tasks

In the fourth and final study of this PhD research, a field experiment was carried
out to investigate whether providing students opportunity-to-learn to solve
context-based tasks can help them improve their performance on such tasks. For
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this field experiment an intervention program was developed to compensate what
was considered to be lacking in Indonesian mathematics textbooks and in teachers’
teaching practices. The intervention comprised two components of opportunity-
to-learn; first, context-based tasks that have superfluous and missing information
and do not explicitly provide the required procedures, and second, a consultative
teaching approach that uses metacognitive prompts. This opportunity-to-learn was
offered to students, and its effects on students’ performance in solving context-
based tasks were examined from the perspectives of students’ gain scores and
students’ errors.

The field experiment showed that there was only a small and marginally significant
effect of the opportunity-to-learn on students’ gain scores. Nevertheless, a closer
examination of the effect of the opportunity-to-learn on students’ errors revealed a
positive influence. Students who received the opportunity-to-learn could better
understand the instruction for a context-based task and had improved
performance in selecting relevant information. With respect to transforming a real-
world problem into a mathematical problem and identifying the required
procedure in general no influence of the opportunity-to-learn was found.
However, a positive influence was found for context-based tasks addressing graphs
— iLe. the topic taught during the intervention period — in which students who got
the opportunity-to-learn were better able to explain a mathematical interpretation
of a graph. Reflecting upon this finding and referring to Howson (2010), it can be
learned that to improve students’ ability to identify the required procedure it is
essential to provide not only context-based tasks that are related to the topic being

taught, but also context-based tasks that address other topics.

To sum up, offering students context-based tasks that have non-explicit
procedures and provide superfluous and missing information, and a consultative
teaching approach with metacognitive prompts is promising to support students’
learning of context-based tasks. However, in agreement with OECD (2014), it
should be noted that a prolonged and continuous implementation of such practice
might be needed in order to have optimum results.

1.4 Results at a glance

In summary, the results of this PhD research cover three interrelated issues
regarding context-based mathematics tasks in Indonesia (see Figure 1). First, the
investigation into students’ difficulties provided information about key
competences that need to be improved. Second, possible reasons for the students’
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Chapter 6

difficulties were identified when the difficulties were connected to opportunity-to-
learn offered in Indonesian textbooks and teachers’ teaching practices. Lastly, these
possible reasons served as an important basis for designing an intervention
program to offer students opportunity-to-learn to solve context-based tasks. This
intervention program was found to have a positive influence on students’ ability to

comprehend a context-based task.

2 Toward a better performance of Indonesian students on
context-based tasks

It is widely acknowledged that there are different ways to improve educational
achievement (see e.g. Pearson, 2014; Stacey, 2011). For example, as mentioned by
Stacey (2011), Finland attributes its success in PISA to teacher quality, whereas
Singapore and the Netherlands point to their curriculum. The way a lesson is
constructed can also contribute to improving student achievement. As a case in
point, Japan is a country that refers its success in education to carefully constructed

lessons and its culture of lesson study.

Reflecting upon these different ways to improve educational achievement, in this
final chapter I would like to raise and answer the following question:

How could the performance of Indonesian students on context-based tasks be improved?

Improving Indonesian students’ performance cannot be simply done by applying
an educational practice that is used in other countries because, according to
Pearson (2014) and Stacey (2011), what works in one particular country will not
necessarily give the same result in other countries. Careful thought about what is
missing in current educational practices and what might be needed by students is
necessaty. In this respect, this PhD research provides a better insight into
educational practices in Indonesia regarding context-based tasks. Although the
research took place in one province in Indonesia, I argue that its findings can be
taken into consideration for a broader scope because the issues addressed in the
study were quite general; for example, the textbooks that were analyzed are widely
used in Indonesia. Furthermore, the finding about the dominance of directive
teaching is in agreement with other studies on mathematics classrooms in
Indonesia (e.g. Maulana, Opdenakker, Den Brok, & Bosker, 2012; World Bank,
2010). Therefore, on the basis of the results of this PhD research I would like to
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offer some recommendations for the practice of teaching context-based tasks in
Indonesia that might contribute to improving student performance.

2.1 Learning materials: Adequate and appropriate context-based
tasks

My first recommendation addresses learning materials, for which I recommend
providing students with adequate and appropriate context-based tasks. ‘Adequate’
refers to the exposure to context-based tasks. Indonesian students need to get
more experiences and chances to deal with context-based tasks; therefore it is
essential to increase the quantity of such tasks in classroom practices.

What I mean with ‘appropriate’ is the quality of context-based tasks. Although
some studies (OECD, 2014; World Bank, 2010) report an increased connection to
real-life problems in mathematics lessons in Indonesia, this PhD research revealed
that what students received were mainly tasks with dressed-up contexts and explicit
indication about the required procedure. Such tasks do not really require students
to transform a real-world problem into a mathematical problem and are therefore
not sufficient to support students learning to solve context-based tasks. Therefore,
as an addition to increasing the exposure of context-based tasks, I recommend
improving the quality of the tasks by considering the following characteristics:

Relevant and essential context. A context-based task should use a real-world context
that is essential and needs to be considered in the solving process. Such tasks offer
students more opportunities to transform a real-world problem to a mathematical
problem, which is an important aspect of applying mathematics.

Non-excplicit procedures. As an addition to relevant contexts, I recommend giving
students context-based tasks that do not imply the mathematical procedures or
concepts needed to find the solution. Such tasks are important to develop
students’ ability to identify the procedure that is required to solve a context-based
task. The results of this research suggest that not implying the required procedures
is not only a property of a context-based task, but also a matter of how and when a
context-based task is used. It was found that students did not really benefit from
context-based tasks with non-explicit procedures when the tasks were given after
an explanation of particular mathematics topics. Therefore, my further
recommendation is to provide students with a ‘mixed exercises’ section that
includes context-based tasks related to various mathematics topics.
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Superfluous and missing information. The ability to distinguish between relevant and
irrelevant information is a key aspect of solving problems in real life. However, this
PhD research shows that most students were not able to select information and,
correspondingly, received mainly tasks that contained only the information
required to find the solution. With respect to this finding, I recommend offering
students context-based tasks that have superfluous or missing information; i.e.
tasks that have more or less information than what is needed to find the solution.

Lastly, I would like to emphasize that the abovementioned recommendation is not
only for teachers, but also for textbook authors because OECD (2014) reported an
increased use of textbooks as a primary resource for mathematics lessons in
Indonesia. This means that improving the quality of textbooks might be followed
by improved teaching practice, at the very least with respect to the quality of tasks
offered to students. Furthermore, textbooks are essential for a widespread
dissemination of an educational innovation because textbooks are widely used in

many schools.

2.2 Teaching practices: Consultative teaching approach with meta-
cognitive prompts

Several researchers (e.g. Antonius et al., 2007; Forman & Steen, 2001; Lingefjard &
Meier, 2010) underlined the importance of a student-centered approach for
teaching students mathematics problems situated in real-world contexts. However,
the term ‘student-centered’ is still rather general and, therefore, concrete
suggestions about how to conduct student-centered teaching might be necessary
for teachers. Here I would like to recommend the consultative teaching approach
developed in this PhD research as an alternative for student-centered teaching. In
order to have student-centered teaching, metacognitive prompts can be used to
keep a balance between teacher guidance and students’ independence. Self-
questioning, which is a kind of metacognitive prompt, is important not only to
guide students to independently carry out the process of solving context-based
tasks, but also to reflect on their work and understanding,.

Teaching approach is not the only important aspect of teaching practices, because
in order to optimally support their students’ acquiring particular competences,
teachers also need to know students’ learning difficulties. This research suggests
that diagnosing students’ difficulties could provide essential information for
improving student performance. Therefore, I recommend teachers including
diagnosing students’ difficulties as an integral part of their teaching practices.
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2.3 Teachers

In relation to the previous two recommendations, I would like to highlight three
essential roles of a teacher. First, a teacher is required to select tasks that match the
learning goals and the students’ ability level, because not every task in a textbook
might be appropriate for his/her classroom practice. Second, a teacher should
design tasks when textbooks do not accommodate all learning goals set in the
curriculum or when the teacher has his/her own specific learning goals. The third
role of a teacher is to convert tasks to learning opportunities; which means the
teacher should use the tasks to support students’ learning.

The findings about the low exposure of context-based tasks in textbooks and that
teachers mostly offered students mere plain word problems indicate a need to
increase the teachers’ role in selecting and designing context-based tasks.
Designing one’s own tasks could also lead to better task ownership for teachers
and also contribute to teachers’ flexibility and creativity in using the tasks to
support students’ learning, which is in fact related to the third role of a teacher. To
increase the three roles of a teacher I recommend paying attention to teachers’
beliefs about context-based tasks. A correspondence between teachers’ beliefs
about context-based tasks and the characteristics of tasks they offered to students
indicates that having appropriate beliefs might be crucial for selecting and
developing good context-based tasks. Furthermore, appropriate beliefs, according
to Blum (2011), are also necessary for teaching context-based tasks, which is the
third role of a teacher. As an addition to beliefs, knowledge is also an important
element for increasing the roles of a teacher in teaching context-based tasks. A
teacher needs to have knowledge of context-based tasks, which includes: (1) the
type of context; (2) non-explicit procedures; (3) the type of information; and (4)
cognitive demands of tasks.

Above all, as my final note I would like to highlight that we cannot rely solely on
teachers to improve student performance. Teachers need professional
development for which support from other parties, especially teacher training
institutions, is highly required. Professional development for teachers has been
recognized as a key aspect to improve the quality of education and student
achievement (Guskey, 2002; Porter, Garet, Desimone, Yoon, & Birman, 2000;
Supovitz & Turner, 2000). Therefore, I would like to recommend teacher training
institutions to consider beliefs and knowledge about context-based tasks in their
training programs.
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2.4 Recommendations at a glance

To sum up, in Figure 2 I illustrate how the aforementioned recommendations can
contribute to improving student performance. Learning materials and teaching
practices are key elements to improve students’ performance. Here, the role of
teachers is to select and design learning materials and to convert the learning
materials into learning opportunities through the use of appropriate teaching
practices. Despite the importance of their roles, teachers are not the only key actor
to improve students’ performance. Support from textbook authors and teacher
training centers is required.

Educational policy maker
{the Ministry of Education and Culture)

Textbook authors : Teacher training centers
i i '
i ]
i" ___________ e ' Professional
! ! development
| v
1
| Teachers
i - Beliefs
! - Knowledge
1
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Figure 2. Recommendations at a glance

3 Suggestions for further research

Reflecting upon the results and the processes of this PhD research, it is realized
that there is a need for further study. The research took place only in the Province
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of Yogyakarta. Therefore, to get a more thorough understanding of how the
performance of Indonesian students on context-based tasks can be improved, it is
necessary to extend this research to a broader area by involving more schools in
more provinces. Having more schools might provide greater chances to investigate
more crucial aspects such as school quality, teacher quality, school facility, and
student background.

The investigation into possible reasons for student difficulties only emphasized
factors that are related to cognitive aspects, i.e. textbooks and teachers’ teaching
practices. However, as pointed out by Leron and Hazzan (1997), students’ thinking
is influenced not only by cognitive factors, but also by affective factors. Therefore,
investigating affective factors such as students’ motivation might provide a
comprehensive picture about possible factors that influence student performance
on context-based tasks.

With regard to teachers’ teaching practices the focus was only on teachers’ beliefs
and teaching approaches. Although the research findings regarding these two
aspects already provide recommendations for improving educational practices in
Indonesia, it is important to take teachers’ knowledge about context-based tasks
into consideration. Teachers’ knowledge about context-based tasks might also have
influence on teaching practices and, therefore, on student performance.

Another issue that needs further consideration is teacher quality, because teachers
play a key role in the learning process of students. In attempting to improve
teacher quality, the Indonesian government, through the Teacher Law 2005, sets
minimum academic and professional requirements for teachers. One of the
requirements is the need for higher standards in classroom teaching, in which
teachers are required to engage students in the learning process (Jalal et al., 2009). I
argue that the consultative teaching that was developed in this PhD research meets
this requirement. Therefore, as a further study it might be valuable to incorporate
and collaborate the knowledge generated by this research into two major teacher
training programs that are positioned by the Indonesian government as strategies
for teacher quality improvement; i.e. Pendidikan dan Latiban Profesi Guru (in-service
teacher profession training) and Pendidikan Profesi Guru (professional education for

pre-service teachers).
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Summary

Summary

The Indonesian national curriculum emphasizes that mathematics education must
be relevant to the needs of life and should offer students opportunities to develop
the ability to apply their knowledge in society. Furthermore, there are educational
movements in Indonesia that emphasize the application of mathematics and
promote the use of context-based tasks, i.e. Pendidikan Matematika Realistik Indonesia
(Indonesian  Realistic Mathematics Education) and Pewbelajaran  Kontekstual
(Contextual Teaching and Learning). Nevertheless, the results of PISA studies
showed that Indonesian students have poor performance on context-based tasks.
Considering this situation, this PhD research was carried out to gain a better
insight into Indonesian students” low performance on context-based mathematics
tasks and to generate recommendations for improving student performance.

This PhD research addresses three main research questions:

What difficulties do Indonesian students have when solving context-based tasks?

2. What are possible reasons for Indonesian students’ difficulties when solving context-based
tasks?

3. How can Indonesian student performance on context-based tasks be improved?

Four studies were carried out to answer these research questions. The studies are
reported in chapters 2 to 5 of this thesis. Chapter 2 contributes to answering the
first research question, Chapter 3 and Chapter4 address the second research
question, and Chapter 5 provides an answer to the last research question. Finally,
the findings of the four studies are synthesized in Chapter 6.

Chapter 2 describes the study into Indonesian students’ difficulties when solving
context-based tasks. In this first study, a total of 362 ninth- and tenth-grade
students from eleven schools from rural and urban areas in the Province of
Yogyakarta in Indonesia took a paper-and-pencil test on context-based PISA
mathematics tasks. To investigate the kinds of difficulties students have when
solving these tasks an error analysis was performed on the students’ responses. For
this purpose, an analysis framework was developed by combining Newman’s error
categories with the stages of modeling when solving context-based tasks and the
stages of mathematization as used in PISA. The analysis framework comprised
four types of errors: comprehension, transformation, mathematical processing, and

encoding.
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The error analysis revealed that the most dominant errors made by the students
were comprehension and transformation errors. This finding indicates that
Indonesian students mostly have difficulties with the first two stages of solving
context-based tasks: comprehending a context-based task and transforming it into
a mathematical problem. With respect to the first stage it was found that the
students mainly made errors in selecting relevant information; whereas for the
second stage the students were mostly unable to select the procedures that are
suitable to solve the tasks.

After investigating students’ difficulties, the next step in this PhD research was
identifying possible explanations for these difficulties. For this purpose the
concept of ‘opportunity-to-learn’ was used as the key perspective. The
investigation focused on opportunities-to-learn in the used mathematics textbooks
as well as in the teaching practice of the teachers.

Chapter 3 reports on the study into the opportunity-to-learn offered in Indonesian
mathematics textbooks. Three mathematics textbooks were analyzed that are used
in the schools participating in the first study (see Chapter 2). This textbook analysis
study focused on investigating the mathematics tasks that are included in the
textbooks.

The analysis revealed that the investigated Indonesian mathematics textbooks have
a very low number of context-based tasks. Only 10% of tasks could be labeled as
context-based tasks. To get a better picture of the relation between opportunity-to-
learn offered in textbooks and student performance, an in-depth analysis of the
characteristics of these context-based tasks was carried out. It was found that three
quarters of the context-based tasks in the textbooks used a camouflage context
(which means that the tasks are merely dressed-up bare problems) and provided an
explicit indication about the mathematical procedure to be used. This finding
shows that Indonesian mathematics textbooks do not offer students enough
opportunity-to-learn to identify a suitable mathematical procedure to solve a
context-based task, which might explain the high number of transformation errors
made by the students. Moreover, the textbook analysis also disclosed that most
context-based tasks in Indonesian textbooks provided just precisely the
information needed to solve a task. This result signifies a lack of opportunities for
students to learn to select relevant information, which, therefore, might have
contributed to students’ comprehension errors, in particular errors in selecting
information.
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Chapter 4 describes the study that focused on investigating the opportunity-to-learn
to solve context-based tasks offered by the teachers’ teaching practice. Teachers’
beliefs were also taken into account because they often influence the teaching
practice. The study started by surveying 27 teachers from seven schools which also
participated in the first study (see Chapter 2) through a written questionnaire. Then,
to further examine teachers’ teaching practice related to context-based tasks, four
teachers of this group of 27 teachers were observed and video-recorded in two
mathematics lessons in which they were asked to deal with context-based tasks.
The focus of the observations was to investigate what approach the teachers used
to help their students learn to solve context-based tasks.

The questionnaire revealed that the teachers tended to perceive context-based
tasks merely as plain word problems. They believed that the mathematical
procedure needed to solve a context-based task should be given explicitly. The
teachers also did not consider missing and superfluous information as an
important characteristic of a context-based task. Moreover, these beliefs were
reflected in their reported teaching practice. In agreement with their beliefs, the
teachers stated that they frequently offered their students context-based tasks with
explicit procedures and that they rarely gave context-based tasks that provided
superfluous or missing information. Such practice might explain Indonesian
students’ difficulties in identifying a suitable procedure and in selecting relevant
information.

The classtoom observations showed that the teachers mainly used a directive
teaching approach in which they told the students what a context-based task is
about, translated the task into a mathematical problem, and explained what
mathematical procedure had to be carried out. Students were not encouraged to be
actively involved in and reflect on the process of solving context-based tasks. This
directive teaching approach was mostly used in the comprehension and
transformation stages. Consultative teaching in which students were actively
engaged in the process of solving context-based tasks was barely used by the
teachers. Remarkably, this consultative teaching approach was mostly used in the
mathematical processing stage; the stage in which students factually do not have to
deal with the context of a task.

Chapter 5 describes the final study of this PhD research in which the findings of the
first three studies were used to develop an intervention intended to offer students
opportunity-to-learn to solve context-based tasks. This intervention comprised two

components: a set of context-based tasks and guidelines for a consultative teaching
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approach including giving students metacognitive prompts. The context-based
tasks used in the intervention had three important characteristics: including a
relevant and essential context, containing superfluous or missing information, and
not giving explicit suggestions about a suitable mathematical procedure. The
effects of this opportunity-to-learn on students’ performance in solving context-
based tasks were examined through a field experiment involving 299 eight-graders
from six schools. The students’ performance was seen from the perspectives of
students’ gain scores and students’ errors.

This study revealed that there was only a small and marginally significant effect of
the opportunity-to-learn on the students’ gain scores. Nevertheless, a closer
examination of the effect of the intervention on the students’ errors revealed a
positive influence. The students who received the opportunity-to-learn could
better understand the wording of a context-based task and had improved
performance in selecting relevant information. With regard to the students’
performance in transforming a real-world problem into a mathematical problem
and in identifying a suitable procedure no influence of the intervention was found
in general. However, a positive influence was found for context-based tasks
addressing graphs, which was the topic taught during the intervention period.
Students who were involved in the intervention were better able to give a
mathematical interpretation of graphs. This finding indicates that to improve
students’ ability to identify a suitable mathematical procedure it is important to
provide students with context-based tasks that address all kinds of topics and not
only offer them context-based tasks that are related to the topic that is currently
taught, because then the mathematical procedure is more or less given.

Chapter 6 provides an overview of the findings of the four studies and offers
recommendations for educational practice and for further research. The main
conclusions that can be drawn from this PhD research are that on the one hand
Indonesian students mainly had difficulties in comprehending context-based tasks
and in transforming them into a mathematical problem, and that on the other hand
it was found that there was a lack of opportunity-to-learn to solve context-based
tasks in textbooks and teachers’ teaching practice. On the basis of these research
findings three recommendations were given for improving the practice of teaching
context-based tasks. The first recommendation is to include more context-based
tasks in the learning materials; especially context-based tasks that use relevant and
essential contexts, have superfluous or missing information, and do not explicitly
signify what mathematical procedure is suitable. The second recommendation
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addresses the teaching practice; that is, the use of a consultative approach and
make use in the teaching practice of the knowledge about students’ difficulties
when they have to solve context-based tasks. The third recommendation is to pay
attention in teacher education and professional development to teachers’ beliefs
and their knowledge about context-based tasks, because these two aspects are
essential for selecting good tasks (or designing them) and creating learning
opportunities with them.

183



184



Samenvatting

Samenvatting

In het Indonesische wiskundecurriculum wordt benadrukt dat het onderwijs moet
aansluiten bij de behoeften van de huidige maatschappij en aan leetlingen de
gelegenheid moet bieden om kennis en vaardigheden te ontwikkelen die ze in de
maatschappij kunnen gebruiken. Dit is in lijn met vernieuwingsprojecten zoals
Pendidikan ~ Matematika  Realistik  Indonesia  (Realistisch  Wiskunde Onderwijs
Indonesi€) en Pembelajaran Kontekstnal (Contextrijk Onderwijs), die beide gericht
zijn op het leren toepassen van wiskunde en het gebruik van contextopgaven
stimuleren. Ondanks deze initiatieven laten de resultaten van PISA (Programme
for International Student Assessment) zien dat Indonesische leerlingen zwak
presteren op contextopgaven. Het onderhavige promotieonderzoek is opgezet om
te onderzoeken hoe dit komt en hoe die prestaties verbeterd kunnen worden.

De volgende drie vragen zijn onderzocht:

1. Welke problemen hebben Indonesische leerlingen bij het oplossen van contextopgaven?

2. Wat gijn mogelijke verklaringen voor de problemen van Indonesische leerlingen bij het
oplossen van contextopgaven?

3. Hoe kunnen de prestaties van Indonesische leerlingen bij contextopgaven verbeterd
worden?

De hoofdstukken 2, 3, 4 en 5 rapporteren over de vier studies die zijn uitgevoerd
om deze vragen te beantwoorden. De eerste onderzoeksvraag en de
beantwoording ervan zijn het onderwerp van hoofdstuk 2. De studies die
besproken worden in hoofdstuk 3 en hoofdstuk 4 richten zich op de tweede
onderzoeksvraag en hoofdstuk 5 heeft betrekking op de derde en laatste
onderzoeksvraag. Hoofdstuk 6 omvat een synthese van de resultaten van deze vier
studies.

Hoofdstuk 2 beschrijft het onderzoek naar de problemen die Indonesische
leerlingen hebben bij het oplossen van contextopgaven. Aan deze cerste studie
deden 362 leerlingen mee uit de derde en vierde klas voortgezet onderwijs van elf
Indonesische scholen gelegen in de provincie Yogyakarta. Het betrof zowel
scholen uit een landelijke omgeving als scholen in steden. De schriftelijk toets die
de leerlingen hebben gemaakt, bestond uit een aantal contextopgaven die ontleend
waren aan de vrijgegeven wiskundeopgaven van PISA. Om te onderzoeken wat nu
precies de problemen zijn die Indonesiche leerlingen tegenkomen bij deze
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opgaven, is cen foutenanalyse van het leerlingenwerk uitgevoerd. Hierbij is
gebruikgemaakt van een speciaal hiervoor ontwikkeld raamwerk. Bij dit raamwerk
is enerzijds uitgegaan van de foutencategorieén van Newman en anderzijds van de
verschillende fasen die bij het modelleren van wiskundeopgaven en bij de door
PISA gchanteerde definitie van mathematiseren onderscheiden worden. Dit
raamwerk omvatte vier type fouten: fouten in het begrijpen van de (tekst van de)
opgave, in het omzetten van de opgave naar een wiskundig probleem, in het

uitvoeren van de wiskundige bewerking en in het terugvertalen naar de context.

De foutenanalyse liet zien dat de meeste fouten van de leerlingen gemaakt werden
in het begrijpen van de opgaven en in het omzetten naar een wiskundige
bewerking. Deze bevinding impliceert dat de Indonesische leerlingen vooral moeite
hadden met de ecerste twee fasen in het proces van het oplossen van
contextopgaven. Bij het begrijpen van de opgaven maakten de leerlingen vooral
fouten in het selecteren van de relevante gegevens en bij het omzetten naar een
wiskundige bewerking lukte het ze vaak niet om ecen passende wiskundige
procedure te vinden.

De volgende stap in het promoticonderzoek was het zoeken naar mogelijke
verklaringen voor deze fouten. Hierbij is nagegaan of aan de leerlingen wel
voldoende leermogelijkheden (opportunities-to-learn) worden geboden om
contextopgaven op te lossen. Dit is op twee manieren nagegaan. Herst is naar
Indonesische wiskundemethodes gekeken en daarna naar de leermogelijkheden die
Indonesische leraren in hun lessen bieden.

Hoofdstnk 3 beschrijft het onderzoek naar de leermogelijkheden die in Indonesische
wiskundemethodes geboden worden voor het oplossen van contextopgaven. In dit
onderzoek zijn drie wiskundemethodes geanalyseerd die gebruikt werden op de
scholen die betrokken waren bij de eerste studie (zie hoofdstuk 2). De analyse
richtte zich op de opgaven die in deze wiskundemethodes zijn opgenomen. De
methode-analyse maakte duidelijk dat de onderzochte Indonesische methodes
nauwelijks contextopgaven bevatten. Slechts 10% van de opgaven waren
contextopgaven. Vervolgens zijn de kenmerken van deze contextopgaven verder
geanalyseerd met de bedoeling om te onderzoeken of er een relatie kon worden
vastgesteld tussen de leermogelijkheden die de wiskundemethodes bieden en de
fouten van de leerlingen. Hierbij kwam naar voren dat drickwart van de
contextopgaven in feite opgaven waren met ecen camouflagecontext (aangeklede

kale opgaven) en opgaven waarin expliciet is aangegeven welke wiskundige
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procedure nodig is om de opgaven te kunnen oplossen. Met andere woorden, de
onderzochte  Indonesische methodes geven de leerlingen nauwelijks
leermogelijkheden voor het identificeren van de wiskundige procedure die nodig is
om een probleem op te lossen. Dit tekort in de leermogelijkheden die de methodes
bieden, kan dus als een mogelijke verklaring worden gezien voor het grote aantal
fouten die de Indonesische leerlingen maakten bij de omzetting van contextopgave
naar wiskundige bewerking. Een ander punt dat bij de methode-analyse naar voren
kwam, is dat de meeste contextopgaven in de Indonesische methodes precies die
gegevens bleken te bevatten die nodig zijn om de opgaven te kunnen oplossen,
waardoor leerlingen die met deze methodes werken dus weinig gelegenheid krijgen
om het selecteren van de relevante gegevens te leren, hetgeen weer de vele fouten
kan verklaren die de Indonesische leerlingen hierbij maakten.

Hoofdstuk 4 beschrijft de studie naar de leermogelijkheden die leraren in hun
onderwijs aan leerlingen bieden voor het oplossen van contextopgaven. Hierbij
werd niet alleen gekeken naar wat leraren in hun lessen doen, maar ook naar hun
opvattingen en naar hoe ze zelf tegen hun lespraktijk aankijken. Van de scholen die
betrokken waren bij de eerste studie (zie hoofdstuk 2), hebben 27 wiskundeleraren
aan dit verdere onderzoek meegedaan. Met een vragenlijst werden hun opvattingen
over allerlei aspecten van het wiskundeonderwijs en hun lespraktijk in kaart
gebracht. Daarnaast zijn bij vier leraren lesobservaties uitgevoerd om een dieper
inzicht in hun onderwijsaanpak te krijgen. Hierbij is vooral gekeken naar de manier
waarop de leraren hun leerlingen ondersteunden bij het leren oplossen van
contextopgaven.

De analyse van de vragenlijstgegevens liet zien dat de betrokken leraren de
contextopgaven vooral benaderden als wiskundeopgaven die in gewone taal
beschreven zijn (redacticopgaven) in plaats van met formele wiskundetaal. De
leraren waren de mening toegedaan dat bij zo’n opgave de uit te voeren wiskundige
procedure expliciet gegeven moet worden. De leraren zagen niet het belang in van
het gebruik van contextopgaven met te weinig of met te veel gegevens. Deze
opvattingen waren ook zichtbaar in datgene wat de leraren over hun lespraktijk
rapporteerden. In overeenstemming met hun opvattingen meldden de lerarendat
ze voornamelijk contextopgaven aan hun leerlingen gaven die expliciete
aanwijzingen bevatten over de wiskundige procedures en dat ze nauwelijks
opgaven gaven met ontbrekende of overbodige gegevens. Gezien deze lespraktijk
is het dus heel aannemelijk dat de leerlingen bij contextopgaven problemen hadden

187



met het identificeren van de wiskundige procedure en het selecteren van de

relevante gegevens.

De lesobservaties brachten naar voren dat de leraren vooral op een directieve
manier les gaven waarbij ze de leerlingen vertelden waar een contextopgave over
ging, welke gegevens gebruikt moesten worden en welke wiskundige procedure
uitgevoerd moest worden. De leerlingen werden niet aangemoedigd om zelf na te
denken over het oplossen van de opgaven. Een onderwijsaanpak waarbij
deleerlingen wel werden betrokken bij het selecteren van de relevante gegevens en
het kiezen van de wiskundige procedure, en waarbij vragen werden gesteld om
reflectie te stimuleren werd nauwelijks toegepast. Echter, de leraren lieten de
leerlingen wel meedenken bij het uitvoeren van de wiskundige procedures, terwijl
dit juist de fase is die los staat van de context.

Hoofdstuk 5 beschrijft de laatste studie die in het kader van dit promotieonderzoek
is uitgevoerd. In deze studie is een veldexperiment uitgevoerd om de bevindingen
van de tweede studie (leermogelijkheden in wiskundemethodes, zie hoofdstuk 3)
en de derde studie (leermogelijkheden in de lespraktijk, zie hoofdstuk 4) te toetsen.
Daarvoor is cen interventie ontwikkeld waarin de leerlingen uitdrukkelijk
leermogelijkheden werden geboden voor het oplossen van contextopgaven. De
interventie bestond uit twee componenten: een verzameling contextopgaven en
cen onderwijsaanpak waarbij de leerlingen door meta-cognitieve hints werden
gestimuleerd actief mee te denken bij het oplossen van contextopgaven. Deze
contextopgaven hadden drie belangrijke kenmerken: een relevante en essentiéle
context, overbodige of ontbrekende gegevens, en geen expliciete aanwijzingen
voor de uit te voeren wiskundige procedures. Om het effect van de interventie te
meten is een voortoets en een natoets afgenomen bestaande uit contextopgaven
die ontleend waren aan vrijgegeven PISA-opgaven. Het experiment is uitgevoerd
met derde klassen voortgezet onderwijs van zes scholen, waarbij op elke school
een experimentele klas en een controleklas heeft meegedaan. In totaal zijn de
gegevens van 299 leerlingen (met een gemiddelde leeftijd van 13.7 jaar)
geanalyseerd waarbij zowel gekeken is naar het verschil in goedscore tussen de
voortoets en natoets als naar het type gemaakte fouten.

De analyses lieten zien dat een onderwijsaanpak waarbij de leraren de leetlingen
ervaring lieten opdoen in het zelf selecteren van relevante gegevens en het zelf
kiezen van de wiskundige bewerking, en waarbij de leraren vragen stelden om
reflectie bij de leetlingen te stimuleren, inderdaad tot minder fouten leidde bij het
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maken van de contextopgaven. De leerlingen uit de experimentele groep begrepen
de contextopgaven beter en waren beter in staat om de relevante gegevenste
selecteren dan de leerlingen uit de controlegroep. De interventie had echter geen
effect op de vaardigheid van de leetlingen om contextopgaven om te zetten naar
cen wiskundig probleem. Daarentegen werd wel een positieve invloed van de
interventie gevonden op het oplossen van contextopgaven waarin graficken een rol
speelden. Dit heeft waarschijnlijk te maken met het feit dat de interventie
betrekking had op het onderwerp grafieken en de leerlingen in de experimentele
groep voor dit onderwerp dus meer actieve leermogelijkheden hebben gehad dan
de leerlingen in de controlegroep. Deze bevinding geeft wel aan dat bij het bieden
van leermogelijkheden voor het oplossen van contextopgaven voorkomen moet
worden dat de contextopgaven per onderwerp worden aangeboden. Bij een
hoofdstuk over grafieken is het voor de leerlingen duidelijk dat de contextopgave
die na zo’n hoofdstuk gegeven wordt met een grafiek moet worden opgelost. De
leetlingen krijgen op die manier geen ervaring in het omzetten van een
contextopgave naar een wiskundig probleem. Beter is het dus om bij het bieden
van leermogelijkheden voor het oplossen van contextopgaven de wiskundige

onderwerpen af te wisselen.

Hoofdstuk 6 levert een overzicht van de resultaten van de vier studies en geeft
aanbevelingen voor de lespraktijk en voor vervolgonderzoek. De belangtijkste
conclusies van dit promotieonderzoek zijn dat Indonesische leerlingen van de ene
kant problemen hebben met het begrijpen van wat precies in een contextopgave
gevraagd wordt en met het vertalen van contextopgaven naar een wiskundig
probleem en dat van de andere kant wiskundemethodes en de lespraktijk van
leraren de leerlingen nauwelijks gelegenheid bieden om het oplossen van
contextopgaven te leren. Daarom zijn op basis van dit onderzoek drie
aanbevelingen geformuleerd. De eerste aanbeveling is het opnemen van meer
contextopgaven in het lesmateriaal, in het bijzonder moeten daarin contextopgaven
worden opgenomen met relevante en essenti€le contexten, met ontbrekende of
overbodige gegevens en zonder expliciete aanwijzingen voor de te gebruiken
wiskundige procedure. De tweede aanbeveling heeft betrekking op de manier
waarop contextopgaven onderwezen moeten worden. Leraren zouden hun
leerlingen actief mee moeten laten denken bij het oplossen van de opgaven. Ook
zouden leraren meer oog moeten hebben voor de fouten die de leerlingen in de
verschillende fasen van het oplossingsproces maken. Hiermee zouden de leraren
rekening moeten houden bij hun onderwijsaanpak. De derde aanbeveling is dat er
in de opleiding en begeleiding van leraren aandacht moet zijn voor de opvattingen

189



en kennis die leraren hebben over contextopgaven en het belang ervan, omdat
deze beide uiteindelijk bepalend zijn voor het kiezen (of ontwerpen) van geschikte
contextopgaven en voor het creéren van leermogelijkheden.
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Di dalam kurikulum nasional Indonesia ditekankan bahwa pendidikan matematika
harus relevan untuk kebutuhan kehidupan dan memberikan siswa kesempatan
untuk mengembangkan kemampuan dalam menerapkan pengetahuan. Sejalan
dengan hal tersebut, di Indonesia terdapat gerakan pendidikan yang menekankan
pada aplikasi matematika dan penggunaan soal berbasis konteks, yaituPendidikan
Matematika Realistik Indonesia dan Pembelajaran Kontekstual. Namun demikian, hasil
tes PISA menunjukkan rendahnya kemampuan siswa Indonesia dalam
menyelesaikan soal berbasis konteks. Mempertimbangkan situasi tersebut,
penelitian PhD ini ditujukan untuk memperoleh pemahaman yang lebih baik
tentang rendahnya pencapaian siswa Indonesia dalam menyelesaikan soal berbasis
konteks serta untuk merumuskan rekomendasi untuk meningkatkan pencapaian
siswa.

Dalam PhD tesis ini terdapat tiga pertanyaan utama yang dibahas:

1. Kesulitan apakabh yang dibadapi siswa Indonesia saat mengerjakan soal berbasis konteks?

2. Apakal kemungkinan penyebab fesulitan siswa dalam mengerjakan soal berbasis
konteks?

3. Bagaimana kemampuan siswa Indonesia dalam mengerjakan soal berbasis konteks dapat
ditingkatkan?

Bab 2 sampai 5 dalam PhD tesis ini menyajikan hasil dati empat penelitian yang
dilaksanakan untuk menjawab ketiga pertanyaan utama penelitian tersebut di atas.
Bab 2 ditujukan untuk menjawab pertanyaan pertama, Bab 3 dan Bab 4 membahas
pertanyaan kedua, dan Bab 5 menampilkan jawaban untuk pertanyaan ketiga. Hasil
dari empat penelitian tersebut dirangkum dan disintesis di Bab 6.

Bab 2 membahas penelitian pertama yang ditujukan untuk mengidentifikasi
kesulitan siswa dalam mengerjakan soal berbasis konteks. Penelitian ini
dilaksanakan di 11 sekolah di provinsi Dareah Istimewa Yogyakarta dan melibatkan
362 siswa kelas 9 dan 10. Siswa tersecbut berpartisipasi dalam suatu tes yang
menggunakan soal berbasis konteks. Analisis kesalahan (error analysis) dilakukan
untuk mengidentifikasi jenis kesulitan siswa saat mengerjakan soal berbasis
konteks. Untuk hal ini, suatu kerangka analisis dikembangkan dengan mengaitkan
kategori kesalahan siswa yang dirumuskan Newman (Newman'’s error categories)
dengan tahapan pada pemodelan (wodeling process) dan matematisasi PISA.
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Kerangka analisis ini memuat empat jenis kesalahan, yaitu: pemahaman
(comprebension), transformasi (fransformation), pemrosesan matematis (mathematical
processing), dan penafsiran (encoding).

Analisis kesalahan mengungkapkan bahwa jenis kesalahan yang paling sering
dilakukan siswa adalah kesalahan terkait pemahaman dan transformasi. Temuan ini
menunjukkan bahwa kesulitan terbesar dialami siswa Indonesia di dua tahap awal
penyelesaian soal berbasis konteks, yaitu dalam memahami maksud soal dan dalam
mengubah soal tersebut menjadi permasalahan matematika. Terkait tahap pertama
penyelesaian soal banyak siswa yang membuat kesalahan dalam memilih informasi
yang relevan, sedangkan pada tahap kedua siswa tidak bisa memilih prosedur atau
konsep matematika yang tepat untuk menyelesaikan soal.

Setelah meneliti kesulitan siswa, langkah selanjutnya dalam penelitian PhD ini
adalah mengidentifikasi kemungkinan penyebab kesulitan tersebut. Untuk hal ini
konsep ‘kesempatan belajat’ (opportunity-to-learn) digunakan sebagai perspeksi utama.

Bab 3 memuat penelitian tentang ‘kesempatan belajat’ mengerjakan soal berbasis
konteks yang ditawarkan buku teks di Indonesia. Dalam penelitian ini dilakukan
analisis terhadap tiga buku teks yang digunakan di sekolah yang berpartisipasi
dalam penelitian pertama (yaitu Bab 2). Fokus analisis buku (fextbook analysis) ini
adalah soal-soal matematika yang tersedia dalam ketiga buku tersebut.

Hasil analisis menunjukkan kurangnya soal berbasis konteks di ketiga buku teks
matematika yang dianalisis. Soal berbasis konteks hanya sebanyak 10% dari
keseluruhan soal yang ada dalam buku. Untuk mendapatkan pemahaman yang
lebih baik tentang hubungan antara ‘kesempatan belajar’ dengan tingkat pencapaian
siswa, dilakukan analisis lanjutan untuk mengidentifikasi karakteristik soal berbasis
konteks. Analisis ini mengungkap bahwa tiga perempat dari soal berbasis konteks
yang ada di buku menggunakan konteks kamuflase (yaitu konteks dapat diacuhkan
dalam penyelesaian soal) dan menampilkan prosedur penyelesaian secara jelas.
Temuan ini menunjukkan bahwa buku teks matematika di Indonesia tidak
menyediakan kesempatan yang cukup kepada siswa untuk belajar mengidentifikasi
prosedur atau konsep matematika yang dibutuhkan untuk menyelesaikan suatu soal
berbasis konteks. Hal ini mungkin merupakan salah satu alasan atas banyaknya
kesalahan transformasi yang dilakukan siswa. Lebih lanjut lagi, hasil analisis buku
juga mengungkap bahwa mayoritas soal berbasis konteks yang ada di buku teks
hanya menyediakan informasi yang dibutuhkan untuk menjawab soal. Hal ini

menunjukkan kurangnya kesempatan untuk siswa belajar memilih informasi yang
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relevan. Hal tersebut berperan pada banyaknya kesalahan pemahaman yang dibuat
siswa, khususnya kesalahan dalam memilih informasi.

Bab 4 memuat penelitian tentang ‘kesempatan belajar’” menyelesaikan soal berbasis
konteks yang ditawarkan melalui praktik mengajar guru. Keyakinan (beliefs) guru
juga diteliti karena hal tersebut sering mempengaruhi bentuk praktik mengajar
guru. Penelitian ini melibatkan 27 guru matematika dari sekolah yang berpartisipasi
dalam penelitian pertama (Bab 2). Seluruh guru tersebut diminta mengisi angket
tentang keyakinan dan praktik mengajar guru. Untuk meneliti lebih jauh tentang
praktik mengajar guru, observasi kelas dilakukan di empat kelas dimana para guru
tersebut diminta menggunakan soal berbasis konteks dalam kegiatan belajar
mengajar. Fokus observasi kelas adalah meneliti strategi mengajar yang digunakan
guru untuk membantu siswanya belajar menyelesaikan soal berbasis konteks.

Angket guru menunjukkan bahwa para guru menganggap soal berbasis konteks
sekadar soal cerita biasa (word problems), yaitu soal yang menyediakan prosedur
penyelesaian secara jelas. Selain itu, mereka juga menganggap bahwa soal berbasis
kontek tidak perlu memuat informasi betlebih (superfluous information) maupun
memiliki informasi terselubung (wissing information). Keyakinan guru tersebut juga
tercermin pada praktik mengajar guru. Para guru melaporkan bahwa mereka sering
memberi siswa soal yang memuat prosedur penyelesaian secara jelas tetapi jarang
memberi siswa soal yang memuat informasi berlebih ataupun informasi
terselubung. Praktik mengajar semacam itu merupakan salah satu kemungkinan
penyebab kesulitan siswa dalam mengidentifikasi prosedur matematika untuk
menyelesaikan soal dan dalam memilih informasi yang relevan.

Hasil observasi kelas menunjukkan bahwa para guru lebih sering menggunakan
‘pengajaran langsung’ (directive teaching) dimana mereka: memberi tahu siswa apa
yang dimaksud dalam soal, mengubah soal menjadi bentuk permasalahan
matematika, dan menjelaskan prosedur atau konsep matematika apa yang
dibutuhkan. Siswa tidak diminta untuk terlibat secara aktif dalam menyelesaikan
dan melakukan refleksi atas proses penyelesaian soal. Praktik pengajaran secara
langsung tersebut paling sering digunakan di dua tahap awal penyelesaian soal:
pemahaman (comprebension) dan transformasi (fransformation). Pengajaran konsultatif
(consultative teaching), dimana siswa terlibat secara aktif dalam penyelesaian soal,
sangat jarang digunakan oleh guru. Pengajaran konsultatif tersebut digunakan guru
di tahap pemrosesan matematis (wathematical processing), yaitu tahapan dimana
konteks dunia nyata (real-world contexts) bukan menjadi fokus utama.
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Bab 5 memuat penelitian terakhir dalam proyek PhD ini dimana hasil dari tiga
penelitian awal dijadikan sebagai dasar untuk mengembangkan suatu program
intervensi untuk memberi siswa kesempatan belajar menyelesaikan soal berbasis
konteks. Intervensi ini terdiri dari dua komponen: soal berbasis konteks dan
pengajaran konsultatif (comsultative teaching). Soal berbasis konteks yang digunakan
dalam intervensi memiliki tiga karakter penting: menggunakan konteks yang
relevan, memuat informasi betrlebih dan informasi terselubung, serta tidak
menampilkan prosedur penyelesaian secara langsung. Pengaruh pemberian
kesempatan belajar ini pada kemampuan siswa dalam menyelesaikan soal berbasis
konteks diteliti melalui suatu eksperimen yang melibatkan 299 siswa kelas 8 dari
enam sekolah. Pencapaian siswa dilihat dari dua aspek, yaitu peningkatan skor (score
gains) dan kesalahan siswa (students’ errors).

Hasil eksperimen menunjukkan bahwa efek intervensi pada peningkatan skor siswa
hanya signifikan secara marginal (marginally significant). Namun demikian, penelitian
lanjutan pada efek intervensi terhadap kesalahan siswa menunjukkan adanya
pengaruh yang positif. Siswa yang menerima intervensi memiliki peningkatan
kemampuan dalam memahami soal dan memilah informasi. Terkait kemampuan
siswa dalam melakukan transformasi soal berbasis konteks menjadi bentuk
permasalahan matematika, untuk keseluruhan soal tidak ditemukan pengaruh dari
intervensi tetapi untuk soal yang berkaitan dengan grafik, yaitu soal yang diajarkan
saat intervensi, ditemukan pengaruh positif. Untuk soal yang terkait grafik siswa di
kelas eksperimen memiliki kemampuan yang lebih baik dalam memberikan
interpretasi matematis untuk suatu grafik yang terkait konteks dunia nyata.
Berdasarkan temuan tersebut, dapat disimpulkan bahwa untuk meningkatkan
kemampuan siswa dalam mengidentifikasi konsep atau prosedur matematis untuk
menyelesaikan soal berbasis konteks tidaklah cukup hanya memberikan soal yang
berkaitan dengan topik yang sedang diajatkan, melainkan juga soal yang terkait
dengan berbagai macam topik berbeda.

Bab ¢ menampilkan ikhtisar dari hasil penelitian PhD ini serta menawarkan
rekomendasi untuk praktik pendidikan dan penelitian lanjutan. Kesimpulan utama
dari hasil penelitian PhD ini adalah: (1) kesulitan terbesar yang dialami siswa
Indonesia dalam menyelesaikan soal berbasis konteks adalah dalam proses
memahami soal dan mengubahnya ke dalam permasalahan matematika, dan (2)
kurangnya kesempatan belajar soal berbasis konteks yang diperoleh siswa, baik di
buku teks maupun dalam praktik mengajar guru. Hasil tersebut menunjukkan
adanya hubungan antara kesulitan siswa dengan kesempatan belajar yang diperoleh
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siswa. Hasil penelitian juga menunjukkan bahwa mendiagnosis kesulitan siswa dan
mengidentifikasi kesempatan belajar yang diperoleh siswa merupakan dua langkah
penting untuk merumuskan cara meningkatkan pencapaian siswa. Berdasarkan
hasil penelitian PhD ini, dapat dirumuskan beberapa rekomendasi untuk
meningkatkan praktik pengajaran soal berbasis konteks. Pertama, memberi siswa
lebih banyak soal berbasis konteks, khususnya soal yang: (1) menggunakan konteks
yang relevan, (2) memuat informasi berlebih dan informasi terselubung, dan (3)
tidak menampilkan secara langsung prosedur matematika yang dibutuhkan untuk
menjawab soal. Kedua, menggunakan pendekatan konsultatif serta memasukkan
kegiatan mendiagnosis kesulitan siswa sebagai bagian terpadu dari praktik mengajar
guru. Ketiga, pentingnya memberi perhatian pada keyakinan dan pengetahuan guru
tentang soal berbasis konteks pada program pendidikan dan pelatihan guru karena
kedua hal tersebut merupakan modal penting untuk meningkatkan kemampuan
guru dalam memilih (atau mengembangkan) soal serta dalam menciptakan
kesempatan belajar untuk siswa.
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