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Abstract: This paper aims to discuss students’ mathematics
literacy in culturally responsive mathematics classroom. Students
were taught by culturally responsive mathematics material and
examined with a series of test in order to measure their
mathematics literacy level. The data collected in this study are
guantitative data in the form of scores on students' mathematical
abilities that indicate the level of student mathematics literacy.
The research was conducted at MAN 1 Takengon with the two
groups pre-test and post-test design to determine the differences
in mathematical literacy skills of one experimental group and
then compare the results with one control group that was not
subjected to treatment. The test consists of 6 problems and
designed by based on the domain of PISA 2015 questions on
every level of mathematical proficiency skills. The research finds
that (1) culturally responsive mathematic teaching gives positive
effect to students’ mathematical literacy; (2) the level of
mathematical literacy of MAN 1 Takengon students lies from
level 1 to level 5. There was no student who able to achieve
6"level of mathematical literacy; and (3) After culturally
responsive mathematics teaching was implemented, from 24
students, there were 4 students at 1% level, 7 students at 2™ level,
10 students at 3" level, and 2 students at 4" level, and 1 student
at 5" level of mathematical literacy.
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INTRODUCTION

Mathematics no longer a tool but

According to (Lobo & Torres-Velasquez,
2005), this perspective is an important
component of culturally responsive teaching.

human activities (Morgan, 2001). It is crucial The theory proposes that teachers
relevant to the real conditions e.g students’ connecting mathematical  content  with

daily life. There were some pedagogical
theories that support culturally-relevant
teaching in a critical paradigm and through an
explicit relationship between student culture
and students’ knowledge. In this perspective,
it is necessary to integrate culturally relevant
curricula in existing mathematics one.

233

students' real-life culture and experience. In
mathematics, the idea of culturally responsive
teaching has been conceptualized by
(Ambrosio, 2014) as ethnomatematics, which
is defined as the study of mathematics that
considers and integrates the culture in which
mathematics arises or how different cultures
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"carry out the task of classifying, sorting,
measuring or democratizing their
environment”.  (Ambrosio, 2014; Rosa &
Orey, 2011; Rosa, Orey, Rosa, & Orey, 2003)
proposed that the  culturally-relevant
mathematics curriculum must focus on the
role of mathematics in the socio-cultural
context involving ideas and concepts related
to ethnomathematics then deploy its
perspectives to solve contextual problems.

Teaching mathematics in Indonesia
still embraced teacher centered learning and
dependent on textbooks, thus limiting teacher
creativity when teaching. Students memorize
the procedure for solving the problems, not
the concept. Therefore, they were unable to
solve a mathematics problem that required
understanding. PISA 2015 placed Indonesia at
rank 62 from 73 countries where girls perform
better than boys in all subjects tested:
Science, Language, and Mathematics.
However, the performance of Indonesian
students (girls and boys) in Science,
Mathematics and Reading is one of the lowest
among PISA participating countries (Shiel,
Kavanagh, & Millar, 2014; Stacey, 2011).
Efforts to improve the quality of Mathematics
learning must not only be limited to
discourse, but the real action is also needed
throughout Indonesia. Currently, mathematics
learning in Indonesia tends to be too dry,
theoretical, less contextual, and abstract. The
teaching is less varied, thus affecting students'
interest in learning mathematics. Furthermore,
mathematics teaching is too formal, hence
mathematics that children find in everyday
life is very different from what they taught at
school. Meanwhile, it is necessary to provide
culturally-relevant  mathematics in  the
classroom.

One of the strengths that students
bring into the classroom is a cultural capital.
Theoretically, teachers can use students'
cultural capital to stimulate mathematics
learning or even ignore it, actively motivate
students to want to learn or even add to the
burden of achievement. This shows that
teachers have a strategic role as agents of
socialization. The teacher can use the cultural

background of students to teach mathematics.

The relationship between mathematics
and culture has been studied through the study
of ethnomathematics. The history of the
emergence of a mathematical theorem and
symbols is related to certain cultural
backgrounds; such as Roman numerals,
Arabic numerals, Pythagorean (Greek)
theorems and solutions to the Al Khwarizmi
(Iraq) quadratic equation. Mathematical ideas
have been used in all cultures in historical and
contemporary contexts. (Averill et al., 2009)
used the idea by integrating the ethno
mathematics context in everyday life of the
Brazilian community to help students
understand mathematics while understanding
their community. Another example that shows
the relationship between mathematics and
culture is (Gerdes, 1988) who showed how to
develop the ideas of Euclidean geometry
using geometric constructions developed from
traditional Mozambican culture. Indonesia
itself has various cultural wealth, therefore it
is possible to explore the ethnomathematics
contained in it.

From the perspective of the
mathematics curriculum, Gutstein (2003)
investigates deeper into the effects on
students' mathematics learning by
experimenting with immigrant students from
Latin America, low-income students, and
studying in urban schools as subjects. With
instructional curriculum and design, he
intends to enable students to study the world
through mathematics, foster mathematical
abilities, and change students' attitudes
towards mathematics. In order to connect
mathematics learning and life experiences of
students, Gutstein (2003) did not only choose
the book "Mathematics in Context”, but also
designed mathematical questions that were in
accordance with reality. After two years of
implementation, students can demonstrate
their ability to solve problems with varied
methods, and with effective communication.

This  paper discussed students’
mathematics literacy in culturally responsive
mathematics classroom. Students were taught
by culturally responsive mathematics material
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and examined with a series of test in order to
measure their mathematics literacy level. This
study deploy 6 levels of mathematics literacy
suggested by PISA.

Culturally responsive teaching is
defined as a teaching approach that uses
students' cultural knowledge as a ‘channel’ to
facilitate the teaching-learning process
((Educators, 1999); Ladson-Billings, 1994;
Villegas & Lucas: 2002;(Herron & Barta,
2009)). Ladson-Billings  (1994) and
Pewewardy (1994) in their research on
responsive cultural teaching have reported
positive effects on student learning.

Ukpokodu (2011) in his studies on
culturally responsive teaching found that: 1)
generally, teachers see mathematics as
culturally-neutral (not influenced by culture).
This view explains that mathematics is an
abstract subject, "universal language," whose
numbers are the same throughout time,
culture, and space. Therefore, teaching
mathematics has nothing to do with culture.
But in its development, Ukpokodu (2011) saw
that teachers actually understood that
mathematics was not culturally neutral,
absolute, or universal. Instead, it lies within
the socio-cultural framework of certain
cultural groups. Therefore, most researchers
on culturally responsive teaching in
mathematics have suggested that different
cultures have different ways of thinking and
doing mathematics than others. Thus, students
from different cultural backgrounds enter the
learning process with their cultural thinking
and style when working on mathematics, and
the teacher must understand the phenomena.
2) The convenience and dominance of
textbook-based mathematics learning. Like
most other subjects, mathematics teaching is
directed by teachers and based on textbooks.
The teacher views that to fulfill the
curriculum; learning must be based on
textbooks, which ultimately makes it difficult
for teachers to think outside and about
culturally responsive math instruction. The
teacher also believes that failure to follow
mandated curriculum material can put him in
trouble. 3) Standardize curriculum and

examinations. The teacher feels pressured to
increase student exam scores and finally
teaches for the exam. Since it focuses on
increasing test scores, many teachers feel
limited and powerless to teach in a culturally
responsive way to meet the needs of their
students. 4) The lack of mathematical
teaching model that is culturally responsive to
emulate. The teacher states that culturally
responsive teaching is a new concept for
them. Some of the phrases used to describe
this ignorance include: "not informed", "never
seen", and "never heard it."

Other studies also found teachers'
misguided beliefs about culturally responsive
mathematics teaching. Mukhopadyay and
Greer (2001) found that teachers argue that
teaching culturally responsive mathematics
means that teachers foster different
understandings that begin with the belief that
mathematics is a human activity based on
human culture and "their efforts to describe
and understand physical and social
phenomena”. In a culturally responsive
teaching, the teacher must believe that
mathematics and culture can be integrated
into learning. This is an important aspect of
teaching culturally responsive mathematics
(Ukpokodu, 2011). Integrating relevant
cultural content in teaching mathematics is
very difficult and challenging for teachers. In
his description of multicultural education,
(Banks, 1992) explains the integration of
multicultural content means the use of
examples, metaphors, and perspectives from
different cultural frames when examining
concepts, theories, paradigms, etc. Studies
conducted by Bandeira and Lucena (2004)
focused on the influence of cultural factors on
teaching and learning in mathematics
classroom. Dossey (1990); Rosa et al. (2003)
argue that the results of mathematical
knowledge from social interactions where
relevant ideas, facts, concepts, principles, and
skills are obtained as a result of cultural
contexts.

In a culturally responsive classroom,
the teacher focuses on guiding students,
meaningful negotiators, and facilitating
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students in exploring, analyzing, and drawing
conclusions. The teacher must refrain from
becoming authoritarian and the only source of
information for students. The teacher must
also be able to design an active, creative, and
interesting learning process. To learn
mathematics by introducing the local culture,
teachers can do this by delivering
mathematical ~ material  about  culture.
(Ukpokodu, 2011) suggests various strategies
for teaching culturally responsive
mathematics, namely: 1) Building trust and
relationships among students by making them
often work in partnerships and small groups;
2) Using heterogeneous grouping structures
based on race, gender, ability, language, etc.
3) Teach democratic values and behavior,
rules, and participation roles; and 4) Create
complex learning tasks with many parts that
allow each group member to have a part that
contributes to the overall goal of the activity.

In agreement with Ladson-Billings
(1995), Ukpokodu (2011) suggested that the
practice of culturally responsive mathematics
teaching must begin with teachers setting high
expectations for all students, respecting
students, and being responsible if their
students did not achieve, creating motivation
by demystifying mathematics as neutral-
culture, and design student learning to ensure
their success. (Averill et al., 2009) suggested
that culturally responsive  mathematics
teaching requires teacher self-critiques and
practice questions that enable them to gain
insight. PISA defines mathematical literacy
as “individual’s capacity to formulate,
employ, and interpret mathematics in a variety
of contexts. It includes reasoning
mathematically and using mathematical
concepts, procedures, facts and tools to
describe, explain and predict phenomena. It
assists individuals to recognize the role that
mathematics plays in the world and to make
the well-founded judgments and decisions
needed by constructive, engaged and
reflective citizens” (Johar, 2012; Shiel et al.,
2014; Stacey, 2011). This conception of
mathematical literacy supports the importance
of students developing a strong understanding

of concepts of pure mathematics and the
benefits of being engaged in explorations in
the abstract world of mathematics.

METHOD

This study was conducted with the two
groups pre-test and post-test design to
determine the differences in mathematical
literacy skills of one experimental group and
then compare the results with one control
group that was not subjected to treatment.
Culturally responsive mathematics teaching is
conducted by applying local culture context to
a problem-based learning model.

The data collected in this study are
quantitative data in the form of scores on
students' mathematical abilities that indicate
the level of student mathematics literacy.
Students were taught by culturally responsive
mathematics material and examined with a
series of test that deploy local culture in order
to measure their mathematics literacy level.
The test consist of 6 problems and designed
by based onthe domain of PISA 2015
questions on every level of mathematical
proficiency skills. The problems involved four
over-arching ideas; namely (1) change and
relationship, (2) Space and Shape), (3)
Quantity, and (4) Uncertainty and data, and
four contexts; namely (1) personal, (2)
occupational, (3) societal, and (4) scientific
(OECD in Johar, 2015).

Table 1. The domain of Problems on Test

PI’Othem Domain of Problems

1 Content : Change and Relationship
Context : Occupational
Process : Employ

2 Content : Change and relationship
Context : personal
Process : Employ

3 Content : Change and relationship
Context : Scientific
Process : Employ

4 Content : Space and Shape
Context : Societal
Process : Interpret

5 Content : Quantity
Context : Occupational
Process : Employ

6 Content : Uncertainty and Data
Context : Scientific
Process : interpret
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Table 2. Descriptions of The Six Levels of Proficiency on the PISA 2015 Mathematical Literacy Scale

Level and Score
Range

Students at this level are capable of:

6 (669+)

5 (607 -668)

4 (545 -606)

3(482-544)

2 (420-481)

1 (358 -419)

Conceptualising, generalising and using information based on their investigations and
modelling of complex problem situations; using knowledge in relatively non-standard
contexts; linking different information sources and representations and moving flexibly
among them; applying their insight and understanding, along with mastery of

symbolic and formal mathematical operations and relationships, to develop new
approaches and strategies for addressing novel situations; reflecting on their actions and
formulating and precisely communicating their actions and reflections regarding their
findings, interpretations and arguments, and explaining why they were applied to the
original situation. Students at this level are able to successfully complete the most
difficult PISA items.

Developing and working with models of complex situations, including identifying
constraints and specifying assumptions; selecting, comparing and evaluating appropriate
problem-solving strategies for dealing with complex problems related to these models;
working strategically using broad, well-developed thinking and reasoning skKills,
appropriate linked representations, symbolic and formal characterizations and insights
pertaining to these situations; beginning to reflect on their work and formulating and
communicating their interpretations and reasoning

Working effectively with explicit models of complex, concrete situations that may
involve constraints or making assumptions; selecting and integrating different
representations (including symbolic representations) and linking them directly to aspects
of real-world situations; using their limited range of skills and reasoning with some
insight in straightforward contexts; constructing and communicating explanations and
arguments based on their interpretations, arguments and actions.

Executing clearly described procedures, including those that require sequential decisions;
making sufficiently sound interpretations to be a base for building a simple model or for
selecting and applying simple problem-solving strategies; interpreting and using
representations based on different information sources and reasoning directly from them;
showing some ability to handle percentages, fractions and decimal numbers, and to work
with proportional relationships; engaging in basic interpretation and reasoning.
Interpreting and recognising situations in contexts that require no more than direct
inference; extracting relevant information from a single source and make use of a single
representational mode; employing basic algorithms, formulae, procedures or conventions
to solve problems involving whole numbers; making literal interpretations of the results.
Answering questions involving familiar contexts where all relevant information is
present and the questions are clearly defined; able to identify information and to carry
out routine procedures according to direct instructions in explicit situations; can perform
actions that are almost always obvious and follow immediately from the given stimuli.

The data collected then analyzed
and described statistically. First, the level
of mathematical literacy before and after
culturally responsive mathematics teaching
was analyzed to see the difference between
experimental and control class. Then, the
data analyzed to see the
increasing/decreasing level of students’
mathematical literacy before and after
culturally responsive teaching.

RESULTS AND DISCUSSIONS

Students’ mathematical literacy
level was collected after the students
taught by culturally responsive teaching.
The results obtained show the level of
mathematical literacy of students in
culturally responsive mathematics class is
significantly different than students who
were not.

Table 4. Test of Normality of two classes

Kolmogrov- Shapiro- Wilk
Group Smirnov
Statistic df Sig. Statistic df Sig.
Level of Experim 215 24 .006 .899 24 021
Mathematical ent
Literacy Control 224 29 .001 852 29 .001
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Both Kormogorov-Smirnov and
Shapiro-Wilk statistics show p-value <0.05
for both classes. This means that the level
of mathematics literacy of students after
learning in both classes is not normally
distributed.

Tabel 5. Homogenity test of mathematical

Literacy
Levene dfl df2 df3
Statistic
1.802 1 51 0.185

Levene statistic 1.802 was obtained
with p-value = 0.185> 0.05. This shows
the level of students’ mathematical literacy
of after culturally responsive mathematics
class has the same or homogeneous
variant.

Table 6. Hypothesis test of Mathematical Literacy
Level

Mathematical Literacy
Level
after Culturally
Responsive Teaching

Mann-Whitney U 242.000
Wilcoxon W 677.000
z -1.990
Asymp.Sig. (2- .047
tailed)

mathematics learning in real life as an
adult. Also, the content taught in school
mathematics must reflect relevance to
society. So that, students’ doubt about
where the mathematical material learned
will be used in real life can be eliminated.

The findings in both experimental
and control classes show that student
dominance is still at level 1 and 2. This
result is in agreement with the
mathematical performance of 15-year-old
students in Indonesia in 2015 with an
average score on PISA is 386. The score is
still below the OECD countries average,
which is 490. Table 7 showed the
snapshots of students’ performances during
the culturally mathematics responsive
teaching.

Table 7. Snapshots of Students’ Performance in
culturally mathematics responsive classroom

Before After
Number of Students 24 24
Level Maximum 4 5
Level Minimum 1 1
Mode 2 3
Average 1.92 2.54
Standard Deviation 0.83 1.02

The Mann-Whitney value 242.0
was obtained with p-value (Asump. Sig.
(2-tailed)) = 0.047 <0.05. Because p-value
is <significance level, Hq is rejected or H,
is accepted. It was concluded that the level
of students’ mathematical literacy taught
by culturally responsive mathematics
different significantly from students who
were not. Descriptively, the average level
of students in culturally responsive
mathematics class is higher than students
who are not. This finding is in line with
(Ojose, 2011) that stated that the culturally
responsive teaching influence children's
abilities in mathematics. Teachers must
teach in such a way that conceptual
understanding is obtained by students. This
is the only way they will be able to apply

Table 8. Snapshot of Mathematical literacy Level
of Students taught by Culturally Responsive
Mathematics Teaching

Literacy After CRM teaching Total
level

1 4 4 8
2 2 3 6 2 11
£
[&]
8 3 4 4
4 1 1
@)
@
%5 0
m

6 0

Total 4 7 10 2 1 0 24
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There were 8 students at level 1
(score 358- 419). According to PISA
proficiency level, students at level 1 able
to answering questions that involving
familiar contexts where all relevant
information is present and the questions
are clearly defined. They also able to
identify information and to carry out
routine procedures according to direct
instructions  in explicit  situations.
Furthermore, students able to perform
actions that are almost always obvious and
follow immediately from the given stimuli.
After culturally responsive mathematics
teaching was implemented in the
classroom, there were 4 students at this
level, meanwhile, remain increase to 2™
level of mathematical literacy.

Before culturally  responsive
mathematics teaching was implemented in
the classroom, there were 11 students at
level 2 (score 420 — 481). At level 2, the
students able to interpret and recognize
situations in contexts that require no more
than direct inference. The students also
capable of extracting relevant information
from a single source and make use of a
single representational mode. Students at
this level able to employ basic algorithms,
formulae, procedures or conventions to
solve problems involving whole numbers
and making literal interpretations of the
results.  After culturally responsive
mathematics teaching, only 3 students
remain at this level, meanwhile, 6 students
increase their level to 3" level and 2 to 4™
level of mathematical literacy.

Furthermore, before  culturally
responsive mathematics teaching was
implemented in the classroom, 4 students
were at 3" level of mathematical literacy
(score 482-544). According to the
proficiency of mathematical literacy level,
students at this level capable of executing
clearly described procedures, including
those that require sequential decisions.
They also able to made sufficiently sound
interpretations to be a base for building a

simple model or for selecting and applying
simple problem-solving strategies. At this
3" level, the students able to interpret and
use representations based on different
information sources and reasoning directly
from them. On the other hand, they are
capable of showing some ability to handle
percentages, fractions and decimal
numbers, working with  proportional
relationships, and engaging in basic
interpretation and reasoning. There were
no students at this level who are able to
increasing their mathematical literacy level
to 4™ level. Unfortunately, after culturally
responsive mathematics teaching was
implemented, the students remain at level
3. But, there were 8 students increased
from 2" level. Then, the number of
students at 3 level is increase to 10 after
culturally responsive mathematics
teaching.

At level 4 (score 545 — 606), there
was only 1 student that able to achieve this
level. In mathematical literacy perspective,
the student is capable of working
effectively with explicit models of
complex, concrete situations that may
involve constraints. He or she was able to
select and integrate different
representations  (including  symbolic
representations) and link them directly to
aspects  of  real-world  situations.
Additionally, he/she able to use his/her
limited range of skills and reasoning with
some insight in straightforward contexts,
construct, and communicate explanations
and arguments based on his/her
interpretations, arguments and actions. The
4™ level student is increasing his/her level
to 5™ level of mathematical literacy after
learning in  culturally  responsive
mathematics classroom. In other words,
there were 2 students at 4™ level after
culturally responsive mathematics was
implemented in the classroom. Before
culturally responsive mathematics was
implemented in the classroom, there was
no students achieve the 5" level of
mathematical literacy (score 607 -668).
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Then, there was 1 student whose his/her
level increased from 4™ level to 5™ level.
As stated in the descriptions of the six
levels of proficiency on the PISA 2015
mathematical literacy scale (Shiel et al.,
2014), student at his level capable of
developing and working with models of
complex situations, including identifying
constraints and specifying assumptions.
He/she also able to select, compare, and
evaluate  appropriate  problem-solving
strategies for dealing with complex
problems related to these models.
Moreover, he/she is capable of working
strategically using broad, well-developed
thinking and reasoning skills, appropriate
linked representations, symbolic and
formal characterizations and insights
pertaining to these situations. In addition,
the student begins to reflect on their work
and formulating and communicating their
interpretations and reasoning.

CONCLUSION AND
RECOMMENDATION

Culturally responsive mathematic
teaching gives positive effect to students’
mathematical literacy.

The level of mathematical literacy
of MAN 1 Takengon students were lie
from level 1 to level 5. There was no
student who bale to achieve 6" level of
mathematical literacy. After culturally
responsive mathematic teaching
implemented, from 24 students, there were
4 students at 1% level, 7 students at 2™
level, 10 students at 3 level, and 2
students at 4™ level, and 1 student at 5"
level of mathematical literacy.
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