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Abstract:

The main focus of the study was to identify the the effects of the ACE teaching cycle approach on students’ engagement
in learning of Elementary Linear Algebra. The Elementary Linear Algebra course was delivered at the Mathematics
Education Study Program of State University of Padang, Indonesia. An action research methodology was adopted for the
study and the constructivist theory was used as a theoretical framework. This study used mixed methods to collect,
describe, and interpret the data. The data were collected through focus group discussion, classroom observations, and
questionnaire. The participants in this study consisted of 37 students enrolled in the Elementary Linear Algebra course
during the January-June 2011 semester. The ACE teaching cycle approach that was implemented in this study consisted
of three steps. The first step in this cycle was the concept maps activity. This activity encouraged students to prepare for
the topics that would be discussed in the class. The next step was classroom discussion which provided a social context
in which the students could work together to solve mathematics problems. Finally, exercises were assigned as homework.
In this part, students practised solving mathematics problems and wrote reflective journal. Students” involvement in the
ACE teaching cycle approach in the Elementary Linear Algebra course improved their engagement in mathematics
learning in the three domains of cognitive engagement, affective engagement and behavioural engagement.
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INTRODUCTION

The purpose of this research was to improve teaching and learning mathematics in higher education in
Indonesia. One of the issues that have been encountered in education in Indonesia are the low level of
students’ engagement in learning mathematics (Agikgiil & Sad, 2020, 2021; Casinillo et al., 2020; Fuentes-
Cabrera et al., 2020; Mainali, 2021; Mazana et al., 2019; Mulenga & Marban, 2020; Rohaizati, 2020). As a
mathematics lecturer at State University of Padang, author also found that this issue have become major
problems of my teaching practice. Students’ engagement in the teaching and learning process is a
significant goal in education (Elmore, 1990). Despite its importance, student disengagement in learning
is still a problem in education. Disengagement leads to reducing the variety of knowledge and
information that can be achieved by students in their learning. In addition, students who are disengaged
in learning limit their capacity to understand their learning experiences (Attard, 2011; Baek, 2019; Cho
et al.,, 2021; Hava et al., 2020; Peker & Atadv, 2020; Selvanathan et al., 2020; Tsybulsky, 2020).

To improve my teaching and learning practice and to overcome these two issues I chose to implement
the Activities, Classroom-discussion and Exercises (ACE) teaching cycle approach (Arnawa, 2006;

© 2022 by the authors; licensee EJSME. This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0/).


https://www.scimath.net/
http://creativecommons.org/licenses/by/4.0/
mailto:hendrasyarifuddin484@gmail.com
https://doi.org/10.30935/scimath/11405

Syarifuddin & Atweh EUROPEAN ] SCI MATH ED Vol. 10, No. 1, 2022 | 105

Asiala et al., 1997; Borji & Voskoglou, 2017; Dubinsky, 1995). The ACE teaching cycle is an instructional
model that is based on constructivist theory. This study investigated the impact of the use of the ACE
approach on students’ engagement in learning elementary linear algebra. The ACE teaching cycle is
expected to improve students’ engagement.

This study was conducted in the Mathematics Education Study Program of the State University of
Padang in Semester January — June of the academic year 2010/2011. State University of Padang is a
public university which was established in 1954. It ranks as one of the two biggest universities in West
Sumatera province, Indonesia. It provides undergraduate courses across seven faculties. State
University of Padang is one of the higher education institutions in Indonesia that prepares teachers for
schools.

LITERATURE REVIEW

The teacher training college is the place where pre-service teachers can get knowledge and skills that
prepare them to enter the working world. The knowledge and skills that are acquired by students must
be appropriate for the needs of their career in teaching. The knowledge and skills that are acquired by
prospective mathematics teachers are not only the content knowledge and skills about mathematics but
also the pedagogical content knowledge necessary for them to be capable mathematics teachers (Aldon
& Tragalova, 2019; Livy & Vale, 2011; Potgieter, 2020; Sacristan, 2020; Tabach & Trgalova, 2018, 2019,
2020). Pedagogical content knowledge is the knowledge that relates to the ways the teacher represents
and formulates their knowledge when teaching (Chan & Hume, 2019; Kind & Chan, 2019; Neumann et
al., 2019; Ozgﬁr, 2020; Schmid et al., 2020; Tanak, 2020). Mathematical content knowledge and
pedagogical content knowledge are two important dimensions that proficient mathematics teachers
require (Askew et al., 2019; Charalambous et al., 2020; Copur-Gencturk et al., 2021; Daniel, 2017; Livy &
Vale, 2011; Livy et al. 2019; Lo, 2020; Ma, 1999; Norton, 2019). The specific subject in which this research
was carried out targets the development of mathematics content knowledge of prospective teachers.

According to Taplin (1998), it is often difficult to equip students with the necessary mathematical
knowledge because most students enter college with inadequate mathematics skills. As a result, these
students experience difficulty in understanding the mathematics concepts because most concepts in
mathematics relate to abstract ideas that are related to each other. Students will face difficulties in
studying mathematics if they have lost the link between concepts. According Brijlall and Maharaj (2009),
many students perform poorly in mathematics because they are unable to adequately handle
information given in symbolic form which represent objects, for example mathematical expressions,
equations and functions. Besides that problem, according to Maharaj (2011) a high percentage of
students have a static view about mathematics; students with such a view will experience difficulties in
learning mathematics in depth and will find it difficult to engage in teaching and learning processes.
So, these problems are related to students” mathematics learning and students’ engagement in the
classroom.

Another problem of teaching mathematics to prospective mathematics teachers is the teaching and
learning process in some teachers’ colleges still involves the teacher-centred approach. This teacher-
centred teaching and learning approach does not give the optimal provision for students to be able to
be proficient teachers. In the teacher-centred classroom, students’ display high dependence on the
lecturer to acquire knowledge and skills while their opportunity to interact and socialize between them
is very limited. The prospective teachers need the opportunity to develop as independent learners. This
ability will help them to grow successfully in their careers as teachers. In college, students must also
develop their abilities in socializing, discussing, and sharing of ideas between themselves (Dikici, 2006;
Pedro & Brunheira, 2001).
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State University of Padang is the largest university in West Sumatra, Indonesia that prepares teachers
for primary and secondary schools. Based on author experience as a staff member of State University of
Padang, I can say that most of the teaching and learning processes at the university are still conducted
traditionally where lecturers become the main actors in the classroom — also known as teacher-centred
teacher. The teaching and learning process follows the same pattern for each session. Generally,
mathematics lectures follow four teaching steps when they teach mathematics: 1) explaining the topic,
2) giving examples, 3) asking students to do exercises, and 4) giving homework. According to Nesmith
(2008) the lecturer’s role in traditional mathematics classroom is to (1) provide all topics which are
planned, demonstrate procedures, (2) reiterate steps in answering students’ questions, (3) provide
sufficient opportunities for students to be drilled in the procedures, and (4) offer specific corrective
support. These roles identify the lecturer as a central figure in the teaching and learning process and
portray students as receivers of knowledge in the classroom. The traditional curriculum is based on the
transmission of knowledge from lecturer to students and does not encourage students to be actively
involved in the classroom (Dinh, 2019; Kent et al., 1997; LaMotte, 2018; Shrivastava & Shrivastava, 2020).
As a result, students are unable to acquire a variety of experiences in the learning process and their
learning outcomes might be restricted to knowledge of content and related skills.

The main features of the traditional curriculum are lecturer domination over organisation and action,
teacher selection and transfer of knowledge (Al Ansari et al., 2021; Cano et al., 2018; Cattaneo et al., 2019;
De Oliveira et al., 2018; Exley, 2008; Nguyen et al., 2018; Scott & Husain, 2021). Regarding organisation
and action, the lecturer is the central figure who organises the contents of the course and the strategies
that will be implemented in the classroom. The next feature of lecturer selection requires the lecturer as
the person who decides what topics are to be presented and what strategy will be used to present the
topics. As for transfer of knowledge, the lecturer tends to explain her or his knowledge in the classroom.
S/he is more concerned with the completeness of giving materials and focuses on how far students
understand the contents of the course. In such a curriculum, most of the time in the classroom is
allocated to support direct transfer of knowledge from the lecturer to students. Lecturer domination in
the classroom does not result in the maximum benefit of students’ engagement and learning in the
classroom.

In the teaching and learning process using the traditional curriculum, students are passive while the
lecturer dominates class activities. Students are not provided with sufficient opportunities to learn
through various sources and various activities, thus limiting their engagement and their learning. In
term of students’ engagement, students do not have sufficient opportunities to be involved in the
teaching and learning process. Students lack opportunities to deepen their understanding, and are
provided with limited opportunities to develop their self-learning ability and to communicate with each
other in the class. Classrooms that are dominated by the lecturer also have a negative impact on
students’ affective engagement like interest and achievement orientation, and behavioural engagement
like attentiveness and diligence (Kong et al., 2003). In terms of students” learning, students do not have;
sufficient opportunities to improve their understanding of concepts and procedures as well as to
improve their ability in problem solving and communication (NCTM, 2000).

Teaching and learning mathematics should enable students to acquire a variety of experiences through
various sources and activities so that students have more opportunities to increase their engagement in
the teaching and learning process. Evidence shows that the focus of the teaching and learning process
must be the students as in student-centred learning instruction. Hence, the lecturer must function as a
facilitator and her or his main role is to encourage students to be actively involved in their learning so
that they are able to construct understanding through their own active engagement and their own
previous knowledge. Therefore, the traditional mathematics curriculum model needs to be changed in
order to improve students’ learning of mathematics and to enhance their engagement. To accommodate
this change, one approach that can be adopted by the lecturer is informed by constructivism.



Syarifuddin & Atweh EUROPEAN ] SCI MATH ED Vol. 10, No. 1, 2022 | 107

Constructivism is a theory about learning (Ganapathy et al., 2017; Jitka et al., 2018; King, 2002). The main
concept of constructivism is that learning is an active process of creating knowledge rather than
acquiring or transferring knowledge. Constructivism is all about inquiry, exploration, autonomy, and
personal expressions of knowledge and creativity. The following principles provide a general
framework of constructivism and its relevance for instruction: (1) Learners bring unique prior
knowledge and beliefs to a learning situation. Each student in a classroom has different background
and different ability to learn the same topic. The lecturer should be aware of these differences. (2)
Knowledge is constructed uniquely and individually, in multiple ways, through a variety of tools,
resources, and contexts. The lecturer should familiarise students with various teaching and learning
strategies. (3) Learning is both an active and reflective process. (4) Learning is developmental. We make
sense of our world by assimilating, accommodating, or rejecting new information. (5) Social interaction
introduces multiple perspectives in learning. (6) Learning is internally controlled and mediated by the
learner (Technology Assistance Program, 1998).

The Constructivist theory can be summarized in a single statement: Knowledge is constructed in the
mind of the learner (Bodner, 1986; Bodner & Elmas, 2020; Pazicni & Flynn, 2019; Salame et al., 2020).
This theory suggests that, to the extent that the individuals” understandings are built from their unique
web of prior concepts and their current subjective experiences. Teachers or lecturers should not attempt
to transfer their knowledge into their students’ minds. The learner must actively engage in problem
situations in order to build understandings which are an extension of, and later become an integral part
of, his or her cognitive web (Schifter & Simon, 1992).

Classroom activities are an important aspect of the lecturers’ task in the teaching and learning process
based on the constructivist approach where the lecturer acts as a facilitator (Akilli & Geng, 2017; Copley,
1992; Denton et al., 2018; Janna et al., 2019; Werner et al., 2018). The lecturer plans the scenario on how
the teaching and learning will be conducted. There is no fixed pattern that should be followed by a
lecturer for a constructivist classroom, and teaching practices based on constructivism are varied and
flexible. However, there are substantial similarities across constructivist classrooms, namely students
are actively engaged, are conscious of their own learning and are able to work collaboratively to solve
problems that have real meaning for them. In short, in a constructivism classroom, learning is something
a student does - not something that is done to the student (Agustini, 2019; Masaviru, 2020; Sulistyowati,
2019; Technology Assistance Program, 1998).

The traditional teacher-centred model needs to be changed in order to improve both the quality of the
teaching practice and student learning of mathematics. The focus of the teaching and learning process
must be the students in student-centred learning. To accommodate this model, one approach for the
teaching and learning process that can be adopted by the lecturer is informed by constructivism.
According to Driscoll (2000), and Fosnot (1996) the constructivist approach in the teaching and learning
process facilitates student thinking, active learning, and highlights students’ ability in communication,
reasoning and conceptual understanding as presented in the National Council of Teachers of
Mathematics” Principles and Standards for School Mathematics (NCTM, 2000).

One of the teaching models that can be used to implement the instructional treatments based on
constructivism is called the ACE (Activity, Classroom Discussion, Exercises) teaching cycle (Dubinsky,
2001). This model was first introduced by Dubinsky (1995) to help students’ learning of mathematics
through the use of computer programming. In this design, Dubinsky broke up the course into sections,
each of which was conducted in one week. During the week, the class met on some days in the computer
laboratory and on other days in a normal classroom in which there were no computers. Homework was
done outside of classroom. Dubinsky (1995) implemented the three components of the model as follows:

Activities: the class met in a computer laboratory where students worked in teams on computer tasks.
The lab assignments were generally too long to finish during the scheduled lab time and students were
expected to come to the lab when it was open or work on their personal computers, or use other labs to
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complete the assignment (Dubinsky, 1995). This activity gave opportunity for students to explore their
previous knowledge which related to the topics they were studying.

Classroom discussion: the class met in a classroom where students worked in groups to perform paper
and pencil tasks based on the computer activities in the lab. The instructor led inter-group discussions
designed to give students an opportunity to reflect on the tasks they had been working on. On occasion,
the instructor would provide definitions, explanations, and an overview to tie together what the
students had been thinking about (Dubinsky, 1995). Through the discussion in the classroom students
had opportunities to share their ideas so that they would have better understanding of the concepts.

Exercises: relatively traditional exercises were assigned for students to work on in teams. These were
expected to be as homework that was in addition to the lab assignment. The purpose of the exercise was
for students to reinforce the ideas they had constructed, to use the mathematics they had learned and,
on occasion, to begin thinking about the content that will be studied later (Dubinsky, 1995).

Asiala and his colleagues implemented the ACE teaching cycle in a Calculus course at Midwestern
University in USA. They particularly wanted to see the effect of the strategy on students’ graphical
understanding of a function and its derivative. This was a comparative study. The researchers adopted
the stages that were proposed by Dubinsky (1995). Activities: students were given the task that related
to the topics which would be discussed in the class. They completed the task using ISETL (Interactive
Set Language) mathematics programming software. Classroom discussion: students held discussions in
the classroom to solve the issues that they faced in learning the topics. Exercises: this stage was intended
to help students reinforce the knowledge they had constructed (Asiala, Cottrill, et al., 1997). In doing
their research, they compared students’ performance in the experimental class with students’
performance in the control class that was taught traditionally (the control group). Students from the two
groups were interviewed about their understanding on the derivative of a function at a point
graphically. The result of this study was that students who followed the course that was based on ACE
teaching cycle approach had more success in developing a graphical understanding of a function and
its derivative than students in the control group. The ACE teaching cycle approach was reasonably
effective in helping students develop a relatively strong process conception of function and a graphical
understanding of the derivative (Asiala, Cottrill, et al., 1997).

Trigueros et al. (2007) used the ACE teaching cycle as an approach in their research on a Linear Algebra
course during one semester at an undergraduate institution in Mexico. The strategy that they used to
implement the ACE teaching cycle was almost the same as the strategy that was used by Asiala and his
colleagues above. In this study, Trigueros and his colleagues proposed the CAS (Computer Algebra
System) Maple mathematics software that was used by students to complete their task before class. In
their research, they did interview students twice (at the beginning and at the end of the study) to collect
data about students’ ability in mathematics. In the first interview, the researchers found that the
students could be divided into two groups according to their responses to the questions: those who
displayed good background knowledge from elementary algebra courses, and those who did not
possess such background knowledge. The results of the second interview confirmed that the use of the
approach was effective only with students who had good background of elementary algebra. Good
understanding of elementary algebra seems to be really important for students to learn the concepts
related to systems of equations in the linear algebra course (Trigueros et al., 2007).

Arnawa (2006) had also conducted research using the ACE teaching cycle as a strategy in his teaching
practice at Andalas University in Indonesia. The main approach that he used to implement the ACE
teaching cycle was almost the same as the strategy that was used by Asiala et al. (1997). He also used
the ISETL mathematics programming software for activities in the computer laboratory and cooperative
group learning for discussion in the classroom. His research aim was to investigate the differences
between students who attended the class using the ACE teaching cycle approach (experimental group)
and students who attended the class using a traditional approach (control group) in their ability to prove
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Table 1. Mean value of attitude scales on experimental group and control group of Arnawa’s Study (N
=180)

Means of attitude scale Average
Group A B C D E F G H Mean
Experiment 3.98 3.64 3.73 3.76 3.81 3.47 449 3.72 3.83
Traditional 3.52 3.46 3.35 3.49 3.31 3.32 3.96 3.22 341

Source: Arnawa (2006)

theorems and students’ attitude in learning abstract algebra. The researcher obtained data from a
mathematics test and an attitudes questionnaire at the end of his study to investigate the differences, if
any. The result of his research was that the students who attended the class based on the ACE teaching
cycle approach were able to prove theorems significantly better than students from the traditional class.
Meanwhile, his study on students’ attitudes revealed that students who attended the class using the
ACE teaching cycle approach had more positive attitudes towards the teaching and learning process of
abstract algebra than students who attended the traditional class (Arnawa, 2006). In his study, Arnawa
used 8 aspects (scales) to measure students attitudes namely, confidence (A), anxiety (B), attitude on the
usefulness of abstract algebra (C), attitude for success (D), encouragement for success (E), perception on
lecturer support (F), perception on learning in small groups (G), and perceptions about the lecturer’s
and students’ role in the teaching and learning process (H). Table 1 presents the result of mean value
of the eight scales of the attitude questionnaire on the experimental group and control group.

In implementing the ACE teaching cycle, researchers of the three studies used computer technology in
teaching and learning mathematics. Students were encouraged to learn the contents to be discussed in
the classroom using mathematics software. Through the use of the software, students were expected to
be able to construct their understanding.

The studies focused on using technology in learning of content. They required a computer laboratory,
the availability of mathematics software, and skill in using computers. If any of these conditions were
not met, then the implementation of the ACE teaching cycle as applied by the above three studies would
not have been successful. We need an alternative so that the application of the ACE teaching cycle does
not depend on computer technology.

In this study, the scenario that author used to implement the ACE teaching cycle in an Elementary
Linear Algebra course involved the following three stages: (1) Activity: Asiala, et al. (1997), Trigueros
et al. (2007), and Arnawa (2006) used mathematics programming language like ISETL and CAS Maple
as students’ activities before class. In this study, author used concept maps as students’ activity before
class. Students worked together in small groups (two or three members) to create concept maps. The
main focus of this activity was to encourage students to explore their previous knowledge in order to
build new desired mental constructions (Asiala, Cottrill, et al., 1997; Dubinsky, 2001). (2) Classroom
discussion: students used cooperative group learning. They were grouped into permanent teams
consisting of four, five, or six members each. In the group, they discussed solving of mathematics
problems. This provided a social context in which the students could work together to solve
mathematics problems. This classroom discussion was no different from what had been done by Asiala,
Trigueros, and Arnawa. (3) Exercises: students were given homework to be completed outside of class.
There were two kinds of homework which they had to complete traditional exercises and a reflective
journal. This was different from the three previous studies above that used traditional exercises as
homework but did not require students to complete reflective journals. In this study, students
completed traditional exercises in small groups (same groups as when they created the concept maps),
while to complete the reflective journal students wrote individually. The use of the ACE teaching cycle
as an approach in this study is expected to produce a positive effect on students’ engagement in
learning.
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According to Elmore (1990) student engagement in the teaching and learning process is a significant
goal for education. Student engagement in learning leads to achievement and influences to students’
cognitive and social development (Finn, 1993; Newmann, 1992). Students who are engaged with the
learning process are more likely to be involved in learning seriously, to get meaningful experience, and
to pursue higher education (Marks, 2000). However, student disengagement in learning is still a
problem in education. Disengagement leads to reducing the variety of knowledge and information that
can be absorbed by students in learning. In addition, students who are disengaged in learning limit their
capacity to understand learning experiences (Attard, 2011).

Newmann and Lamborn (1992) defined engagement as students’ psychological investment in and effort
directed towards learning, understanding, or mastering the knowledge, skills, or crafts that academic
work is intended to promote. D’mello (2008) described engagement as student’s willingness, need,
desire and compulsion to participate in, and be successful in, the learning process. It is an important
issue in teaching because it affects how much students learn on a daily basis. The engagement depends
greatly on students’ interest and the teacher’s ability to create an environment that invites students to
learn (D’'mello, 2008; Tomlinson, 2002).

Student engagement is generally recognized as one of the better predictors of learning (Carini et al.,
2006; Caulfield, 2010). So, creating the teaching strategy that improve students engagement will lead to
increased student learning, which is the main goal for both students and teachers. The challenge for a
teacher is to create a setting and activities that students find engaging and that are able to advance their
proficiency in abilities that they find useful. Such instruction helps learners to find the curriculum
comprehensible and stimulating, inclusive and promotes a supportive classroom (Cole, 1996).

Tomlinson (2002) expresses five important criteria for a student’s engagement in the classroom: (1)
Purpose - students need to know what they do at school, realise the significance in it and know that the
work they do makes a difference to the world. Knowing the importance of the topics that they learn
would encourage them to become actively involved in the teaching and learning process. (2)
Contribution - each student needs to feel that they can make a difference. They want to bring something
unique and valuable for other friends in the class. The opportunity to be able to contribute in the
classroom will encourage them to stay engaged in the teaching and learning process. (3) Affirmation -
is important for students to know that they are accepted, safe, and understood. This condition will
encourage students to feel comfortable and give them the opportunity to learn better in the classroom.
(4) Power - students need to believe that the knowledge which they have acquired is useful and will
assist them on their journey beyond the classroom. The belief that the topics which they are learning
will be useful in their lives will encourage them to be more diligent in learning. (5) Challenge — the tasks
need to stretch the students and they need to know when they work hard they generally succeed, that
they are accountable for their own growth and that they are able to contribute to the growth of others.
The awareness that they have to develop will encourage them to be more involved in the learning
activities.

In this study, the degree of student engagement in the classroom would be investigated through three
domains namely, cognitive engagement, affective engagement and behavioural engagement (Caulfield,
2010; Chapman, 2003).

Cognitive engagement is closely related to academic involvement or approaches to learning involve the
ideas of investment, recognition of the value of learning and a willingness to go beyond the minimum
requirement (Attard, 2011; Fredricks et al. , 2004). According to Biggs (1978), and Kong et al. (2003),
there are three approaches to learning, namely; surface strategy (closely associated with lower levels of
learning outcomes — memorisation, practising, handling tests), deep strategy (closely related to higher
levels of learning outcomes — understanding the question, summarising what is learnt, connecting
knowledge with the old ways of learning), and reliance (relying on teachers) Behavioural engagement
is closely related to student participation in the classroom. Active participation in the classroom is
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demonstrated by compliance with classroom procedures, taking initiative in the group and classroom,
becoming involved in classroom activities, asking questions, regularly attending class, and
comprehensively completing assignments (Chapman, 2003; Skinner & Belmont, 1993).

Affective engagement is closely related to students’ reactions to the learning environment (school,
teachers, peers, and academic curriculum) that influence willingness to become involved in school
activities (Attard, 2011; Chapman, 2003). According to Miserandino (1996), and Kong et al. (2003)
students’ affective engagement can be seen through four dimensions namely, interest, achievement
orientation, anxiety and frustration.

In terms of engagement with mathematics, engagement occurs when learners are procedurally engaged
in the classroom, actively learning mathematics, participating in all tasks, and hold the view that
studying mathematics is useful, valuable, and worthwhile both inside and outside of the classroom
(Attard, 2011). The above explanation revealed that the engagement associated with students’
involvement in the mathematics learning process is dependent on behavioural, affective, and cognitive
aspects of learning.

RESEARCH DESIGN AND METHODS

In this research, we used an action research methodology. Action research is a systematic investigation
conducted by teacher researchers to gather information about how they teach and how well their
students learn (Creswell, 2008; Mills, 2007). According to Atweh (2004) through action research
teachers/lecturers have an opportunity to improve their practice and to develop an understanding of
their practice that will enable them to develop professionally. The action research solves a practical and
local problem, such as a classroom issue faced by an educator (Creswell, 2008). McMillan (1992) stated
that the aim of action research was to solve a specific classroom problem or to make a decision at a local
site in order to improve teaching and learning practice immediately within one or more classrooms.
Through action research, teachers or lecturers have the opportunity to improve their teaching practice
by studying problems or issues they face. They reflect on these issues, collect and analyse data, and
implement changes based on their findings and experiences (Creswell, 2008).

Kemmis and McTaggart (1988) have suggested that action research engages teacher researchers in a
four-step process which is called the action research spiral, with its components of planning, acting,
observing, reflecting and creating a revised plan. In the planning step, a plan of action is developed to
solve a problem which has been identified in order to improve the quality of the teaching and learning
practice. In the acting step, the plan is implemented in the teaching and learning activity over a period
of time. In the observing step, the effects of the action are observed to ascertain its effectiveness. In the
reflecting and creating a revised plan step, the effects of the implementation of action are evaluated to
form the basis for the next cycles of research.

In this study, author had planning to improve my teaching practice on Elementary Linear Algebra
course at Padang State University by using the ACE teaching cycle approach. author implemented the
approach for one semester (January - June 2011). One cycle of action research (planning, acting,
observing, reflecting and creating a revised plan) was conducted during each week. Planning - as a
lecturer-researcher author had a plan to be implemented every week. This plan was related to the
teaching and learning strategy that author would be using in the class. Acting - author tried to
implement the plan that author had created in the classroom. Observing - author observed the effects of
the use of the plan during that week on the teaching and learning process and students’ engagement in
learning. Reflecting and creating a revised plan - author did a reflection based on author observations
during that week. The results of author reflection would be useful for me to revise the plan and to devise
new plan to be implemented the following week.

This study used a mixed methods approach to collect, describe, and interpret the data. According to
Creswell (2010), the use of mixed methods in a single study has several advantages. Mixed methods
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research offers strengths that balance the limitations of both quantitative and qualitative research. The
combination of the two approaches builds on the synergy and strength that exist between quantitative
and qualitative research approaches and also to understand a phenomenon more fully than is possible
using either method alone (Creswell, 2008; Mathison, 1988; Mills, 2007). Researchers in a mixed methods
research approach are able to use all of the data collection available to support studying a research
problem rather than being restricted to the types of data collection normally related to qualitative
approach or quantitative approach. Mixed methods research helps researchers to solve the research
problems that cannot be solved by qualitative or quantitative research alone. Mixed methods provide a
bridge between qualitative research and quantitative research. The divisions between qualitative
research and quantitative research only serve as a restriction to research approaches and to the
opportunities for collaboration (Creswell, 2010). Qualitative and quantitative data have been used in
this study. The qualitative data were obtained from focus group interviews and classroom observations.
The quantitative data were obtained from the Student Engagement in the Mathematics Classroom
(SEMC) questionnaire. The data which were collected from these different approaches presented a
coherent picture of how students” engagement changed as a consequence of the implementation the
ACE teaching cycle in the Elementary Linear Algebra course at Padang State University.

The focus group in this study consisted of six students, three females and three males. They were
selected randomly at the end of the course from eight groups in the class. One person represented one
group. Actually, eight students were meant to be in the focus group but two of them were absent at the
time of the interviews. The focus group interviews were conducted once at the end of the semester for
sixty minutes. Author used a digital recorder to record all conversations. The focus group interview was
conducted in the Indonesian language. The transcripts of the interviews were written in the Indonesian
language, and then translated into English.

A questionnaire is an instrument that consists of the questions that are asked by the researcher directly
(in face-to-face interaction) or indirectly (using papers) (O'Toole & Beckett, 2010). There are three
formats of a questionnaire based on question responses: closed questions, open questions, or both.
Closed questions are difficult to construct but easy to analyse whereas open questions are easy to
construct but difficult to analysis (Sarantakos, 2005). The major strength of the use of the questionnaire
in research is possibly to facilitate quantitative analysis and the use of powerful descriptive and
inferential statistics. The major limitation is non-response bias (Anderson, 2002) when students will not
respond due to ‘questionnaire fatigue’.

To collect the data through classroom observation, author used the role of a participant observer because
author was involved actively in the teaching and learning process as well as the researcher. In this
observation, besides making notes about what happened in the class author also used audio digital
recorder to record students’ voices in the discussion. The discussions among students in three groups
(Group B, Group C, and Group D) were recorded during the semester (12 weeks). These groups were
selected randomly from eight groups at the beginning of the semester. Every week, the discussions of
only one group were recorded. For analysis purposes, author used two records of Group B discussions
(discussion on week 2 and week 6). Students’ communication during discussions was transcribed
verbatim and then was translated into English.

The questionnaire that the author used was a student engagement scale based on the Student
Engagement in the Mathematics Classroom (SEMC) questionnaire (Kong et al., 2003). The SEMC
questionnaire comprises three constructs: cognitive, affective and behavioural engagement. The
construct of cognitive engagement is closely related to approaches to learning namely, surface strategy,
deep strategy, and reliance. Affective engagement implies a sense of belonging and an acceptance of the
goals of the learning process. It involves interest, achievement orientation, anxiety and frustration.
Behavioural engagement relates to students participation, attentiveness and diligence (Kong et al.,
2003). The questionnaire was translated into the Indonesian language to accommodate the language
needs of the participants. The researcher in this study did not investigate the validity and reliability of



Syarifuddin & Atweh EUROPEAN ] SCI MATH ED Vol. 10, No. 1, 2022 | 113

the Indonesian version of the questionnaire, because the main intention of using the questionnaire in
this study was to triangulate with other data as an indication of engagement. This questionnaire was
administered to participants on two occasions, before (as pre-test) and after (as post-test) the
implementation of the ACE teaching cycle in the Elementary Linear Algebra course.

Participants of the Study

In the January-June 2011 semester, there were two classes of the Elementary Linear Algebra course in
the Mathematics Education Study Program. Author was required to teach one class and the other class
was taught by another lecturer. All the 37 students in my class became the participants in this study.
They consisted of 28 females and 9 males. All of them were Year 2 students of the Mathematics
Education Study Program of Padang State University in the academic year 2010/2011. Their ages ranged
from 19 to 22 years. The majority of the participants came from West Sumatera province, the province
where the university is located.

Teaching and Learning Procedure

The course used a teaching and learning model or instructional treatments based on the constructivist
approach which is called the ACE (Activity, Classroom Discussion, Exercises) teaching cycle (Dubinsky,
2001). The first step in this cycle is ‘activity’. The lecturer gives students the opportunity to do activities
that relate to the topic that will be discussed in the next session. This activity encourages students to
explore their previous knowledge in order to build new desired understandings (Dubinsky, 2001). In
this study, author used ‘concept mapping activity’ in every weekly lesson. Before students created the
concept maps, they were asked to learn the topics individually first so that they had knowledge about
these topics. Without having knowledge about the topics students would not be able to create the
concept maps. The next step was ‘classroom discussion’ (cooperative learning model) that provides a
social context in which the students could work together to solve mathematics problems that were given
by the lecturer. Finally, an ‘exercise’ was assigned to be done for homework. In this part, students
practised mathematics problem solving and were engaged in reflection to enhance their metacognition.
Related to this, students were given activities before class (outside of class), in the class, and after class
(outside of class).

Activities before class: students studied the course topics individually through reading sections of the
textbook and then they worked in their small groups (2 or 3 members) to produce a mathematics concept
map about the topics. These topics were the course materials that would be discussed in the next
classroom meeting. The topics were something new for the participants. Through this concept maps
activity, the students were expected to have knowledge about the topics. So, they could come to class
with confidence and could make their contributions in discussions.

Before the course begun, every student was required to have at least the main textbook of the course,
Elementary Linear Algebra written by Howard Anton in Indonesian (Anton, 2004). The lecturer ensured
that all students had this textbook; students who did not have the textbook could borrow it from the
mathematics department library. This textbook became the main source for them in learning
individually and to create the concepts maps.

Students created the concept maps through the discussions in their small groups. They created the maps
outside the class. They arranged by themselves when, where, and how long they would work to create
the concept maps. The groups comprising two or three students were formed based on the ease of their
meeting outside the class. For this reason, students were asked to form the groups with their close
friends or their neighbours where they lived.

Activities in classroom: there were four main teaching and learning activities which were designed to be
implemented in the classroom. They were as follows: the presentation and discussion of concept maps,
lecturer presentation, group discussions, and classroom discussion (classroom discussion was intended
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to solve the problems that emerged from group discussions). The time allocation that was stipulated by
the Mathematics Education Program Study curriculum for the course to do teaching and learning
activities was 150 minutes per week.

The presentation and discussion of mathematics concept maps was done at the beginning of the class,
when it took about 15 to 20 minutes. Only one group had the opportunity to present the concept map
in front of the class. The presenting group was chosen one week before the due date, except for concept
map presentation in week 2 when the group was selected during the lesson. After the presentation, the
activity continued by a discussion about the concept map.

The next class activity was mathematics content presentation by the lecturer. This presentation took
about 40 to 60 minutes. During this time, the lecturer had the opportunity to present the mathematics
topics for that week. The materials which were explained by the lecturer were not new for students
anymore, because they had interacted with the topics through the concept maps activity, creating and
presenting the concept maps. So, through this presentation, students had the opportunity to acquire
deeper understanding of the topics. Students were also given the opportunity to raise their questions or
comments on specific issues about the learning of these topics.

The next activity was group discussion. All students in the class were divided into eight groups. Each
group comprised four, five, or six students. In the groups, they discussed the solving of mathematics
problems that enabled them to apply the concepts and algorithms that they had studied. These
mathematics problems were intended to explore students’ understanding of the topics. All of the
problems were exercises from the Elementary Linear Algebra textbook (Anton, 2004). This session took
about 50 to 70 minutes.

Each group discussion session was followed by a classroom discussion session. In this stage, they
discussed the issues that emerged from the group discussions. For example, if one group couldn’t solve
a problem then the group could propose the problem be discussed together in the class. During this
discussion, all students in the class had the opportunity to share their ideas and experiences in solving
the problem. This session took about 20 to 30 minutes.

Activities after class: Students learnt by completing two homework assignments namely, a problem-
solving exercise and writing a reflective journal. These assignments were related to the mathematics
materials that had been discussed during the week. So, students acquired knowledge and experience
through completing these two assignments.

The type of mathematics problems that were solved by students in this session was the same as those
that were given for group discussions in class. All the problems were also selected from the exercise sets
in the Elementary Linear Algebra textbook (Anton, 2004). To complete the problem-solving exercises,
students worked in their small groups, the same groups as when they completed the concept maps. The
report of their work had to be submitted at the beginning of the class in the following week. By doing
these exercises, students were expected to be able to apply their mathematics knowledge to solve the
problems enabling them to improve their understanding.

Students worked individually to complete their reflective journals. Their report had also to be submitted
at the beginning of the next class. As a result of doing these reflective journals, students were expected
to be able to evaluate all topics that they had learnt in the week so that they could be aware of which
parts that they understood well and which parts were difficult to understand.

RESULTS AND DISCUSSIONS

Students’ engagement is a psychological investment in and effort directed toward learning,
understanding, or mastering the knowledge, skills, or crafts that academic work is intended to promote
(Newmann & Lamborn, 1992). D'mello (2008) added that engagement involves student’s willingness,
need, desire and compulsion to participate in, and be successful in, the learning process. It is an
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important issue in teaching because it affects how much students learn on a daily basis. The engagement
depends greatly on students’ interest and the teacher’s ability to create an environment that invites
students to learn (D’'mello, 2008; Tomlinson, 2002). In this study, the degree of student engagement in
the classroom was evidenced by three domains namely, cognitive engagement, affective engagement,
and behavioural engagement (Caulfield, 2010; Chapman, 2003). The data sources for these domains
were a questionnaire, focus group interviews, and classroom observations.

According to Rotgans and Schmidt (2011) cognitive engagement is a psychological condition where
students do a lot of effort to truly understand a topic and in which students persist with studying over
a long period of time. The cognitive engagement is closely related to academic involvement or
approaches to learning. The three approaches to learning namely, surface strategy (closely associated
with lower levels of learning outcomes — memorisation, practising, handling tests), deep strategy
(closely related to higher levels of learning outcomes — understanding the question, summarising what
is learnt, connecting knowledge with the old ways of learning), and reliance (Biggs, 1978; Kong et al.,
2003).

Students’ affective engagement is defined by students feelings, attitudes, perceptions, and reactions to
the learning environment, for example, high level of interest, enjoyment, or positive attitude towards
learning (Archambault et al., 2009; Chapman, 2003). According to Miserandino (1996), and Kong et al.
(2003) students’ affective engagement can be seen through four dimensions namely, interest,
achievement orientation, anxiety, and frustration.

According to Archambault et al. (2009), behavioural engagement is a psychological experience that
concerns students” active involvement in classroom activities. Behavioural engagement is closely related
to student’s participation in the classroom. Active participation in the classroom is demonstrated by:
taking initiative in the group and classroom, becoming involved in the classroom activities, asking
questions, regularly attending class, and comprehensively completing assignments (Chapman, 2003;
Skinner & Belmont, 1993). According to Kong et al. (2003), students’ behavioural engagement in
learning could be seen through two aspects, namely; attentiveness and diligence.

Students’ Cognitive Engagement

This section discusses analysis of data on three aspects of students’ cognitive engagement: surface
strategy, deep strategy, and reliance. Focus of the analysis is to evaluate the effect of the use of the ACE
teaching cycle on the three aspects of students’ cognitive engagement. The results of this analysis came
from data related to focus group interviews and the closed questionnaire.

Surface strategy aspect of cognitive engagement

As a mathematics lecturer, I always found students used surface strategy (the strategy that relates to
lower levels of learning outcomes like memorisation) in their learning process. By implementing the
ACE teaching cycle in my teaching practice in the Elementary Linear Algebra course, I hope that the
extent of the use of surface strategy by the students decline and the extent of the use of the deep strategy
increases.

In the learning process using the ACE teaching cycle that was implemented in the Elementary Linear
Algebra course, I also found that students still used surface strategy in their learning process like
memorizing the formulas, definitions, theorems, and the proofs of theorems. They used this strategy in
order to stay connected with the topics of the course because the contents of the course contained
definitions, formulas, and theorems.

In classroom observations of discussions of Group C in Week 4, Diah said, “A is a matrix 2x2, so to find
A1we can use the formula”. The use of the formula is one alternative to find the solution to the problem.
Here, Diah tended to use the formula that was available to solve the problem. The strategy that she used
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Table 2. Descriptive statistics for the surface strategy subscale of the SEMC in the pre-test and post-test

(n=37)
. Pre-test Post-test
No. of items — .
Mean Standard deviation Mean Standard deviation
7 2.98 1.02 2.92 0.89

could be categorized as a surface strategy in cognitive engagement because she just needed to memorize
the formula and apply it to the problem.

The use of surface strategy in learning was also revealed by Vera in one of the focus groups. Vera said,
“When I had difficulty to understand a definition or a theorem, then I would do memorize the definition
or the theorem.” Definitions and theorems are two important terms in mathematics. Sometime, students
found difficulty to understand them well in a short time. This fact encouraged some students to
memorize them in their effort to keep up with the lesson, like what was revealed by Vera. The strategy
that has been used by Vera could also be categorized as a surface strategy of cognitive engagement.

Another fact that was revealed by students related to the use surface strategy in learning was revealed
by Yanti in one of the focus groups. “I would do memorize when I found terms which difficult for me
to understand. For example, I sometime found hard to understand some steps of a theorem proof, so I
memorize the steps.” The understanding of proving of a theorem is very important for students to know
how a theorem is build up, but sometime students get difficulty to understand the proof of the theorem
as experienced by Yanti. To keep connected with the theorem some students did memorize the proof of
the theorem like what Yanti did because the theorem was part of the content of the course that should
she learnt. This was a surface strategy of cognitive engagement.

However, although surface strategy is related to lower levels of learning outcomes, this strategy still
showed students’ engagement in learning through memorizing various facts and rules in mathematics
(Kong et al., 2003). Through using this strategy, they tried to understand the topics being studied despite
the fact that such material was difficult for them to understand. By memorizing these facts it enabled
them to be still engaged in the lessons.

The information about students” surface strategy of cognitive engagement was also obtained from the
closed questionnaire. The questionnaire was administered to the participants on two occasions, before
and after the use of the ACE teaching cycle approach. The main intention of the qualitative data from
this questionnaire was to evaluate the effect of the use of the approach. Tables 2 and 3 present the results
of the analysis of students’ responses to the questionnaire about the surface strategy aspect of cognitive
engagement in the pre-test and post-test.

As shown in Table 2 the mean value of surface strategy subscale in the post-test (2.92) was slightly
lower than that in the pre-test (2.98). This result was consistent with what I had expected, i.e., there was
a decline in students’ use of the surface strategy in the mathematics learning process. The use of the
ACE teaching cycle had encouraged students to be involved in a series of learning activities in a
mathematics topic. This gave students more opportunity to learn more widely and deeply so that it
resulted in a decrease in the use of surface strategy which was previously used by students. More details
about this result can be seen in Table 3.

In Table 3, there is a decreasing mean value for several items while the mean value of others increased.
The highest decline occurred for item 1, “I find memorising formula is the best way to learn
mathematics.” The highest increase could be seen in item 4, “In mathematics learning, it is very useful
to memorise the methods for solving problem.” This fact indicated the change in how students used the
memorizing strategy in learning. Before the use of the ACE teaching cycle, students tended to memorize
formulas, while as a result of learning using the ACE teaching cycle students tended to memorize the
method for solving problems. In terms of surface strategy, memorizing the method is more complex
than memorizing the formula. This showed that students engaged more in learning when they
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Table 3. Mean of the students” answers to each item of the surface strategy subscale of the SEMC in the
pre-test and post-test

Mean
No Items
Pre-test Post-test
1 Ifind memorising formula is the best way to learn mathematics. 3.22 2.78
In learning mathematics, I prefer memorising all the necessary formulas rather than understanding 2.65 2.70
the principles behind them.
3 I think memorising the fact and detail of a topic is better than understanding it holistically. 2.76 2.65
4 In mathematics learning, it is very useful to memorise the methods for solving problem. 2.86 3.22
5 In mathematics learning, I prefer memorising different methods of solution; this is very effective way  3.22 3.16
of learning.
6 I think the best way of learning mathematics is to memorise facts by repeatedly working on 414 3.73

mathematics problems.
7  Ithink memorising mathematics is more effective then understanding it. 2.03 2.24

memorized the method of solving a mathematics problem compared to when they memorized formulas
to solve a problem.

Deep strategy aspect of cognitive engagement

The purpose of analysing data in this section is to evaluate the effect of the implementation of the ACE
teaching cycle in the Elementary Linear Algebra course on the deep strategy aspect of students’
cognitive engagement. Deep strategy is closely related to higher levels of learning outcomes —
understanding the question, summarising what is learnt, applying knowledge, connecting knowledge
with the old ways of learning, etc. As a lecturer and researcher in this study, I hoped that the use of the
ACE teaching cycle will have positive impact on the deep strategy aspect of cognitive engagement. The
data for this analysis came from focus group interviews, classroom observations, and the closed
questionnaire.

Some of the students’ responses that were identified from the focus group interviews that related to the
deep strategy aspect as consequence of the use of the ACE teaching cycle in the Elementary Linear
Algebra course are discussed below.

Zola said that,

Honestly, at the beginning I found difficulty to make concept maps and reflective journals
because they were something new for me. To produce a concept map I had to study hard, I
read the material several times until I really understood the concept. Through making the
reflective journal I began to better understand the material that I had learnt. I often wrote a
reflective journal first before I did the exercises. So, I feel that the learning process with this
strategy is very effective.

The use of the ACE teaching cycle in the Elementary Linear Algebra course has produced a positive
impact on how Zola learnt the topics, so that he could get in-depth understanding of the materials. This
is possible because he learnt the same topic through several learning activities. He studied hard so that
he was able to apply his knowledge to produce concept maps, learnt from the lecturer’s explanations,
discussed in the group, wrote reflective journals, and completed exercises. This series of learning
activities improved his understanding about the topic. What has been shown by Zola could be
categorized as a deep strategy of cognitive engagement.

Febi revealed in the focus group about the use of the ACE teaching cycle:

With this method (ACE teaching cycle), I have to learn first before coming to class. Through
this method, before we made a concept map we had to first learn by ourselves and then discuss
with friends. If we didn’t understand a concept we can’t produce a concept map.



118 ‘ European Journal of Science and Mathematics Education Vol. 10, No. 1, 2022 Syarifuddin & Atweh

Febi revealed that this method had accommodated her to learn before class. She tried to understand the
material well. She realized that understanding the topics well would facilitate her to be able to create
concept maps and to discuss in the class. The discussion activity gave them chance to share knowledge
with each other.

Further, Febi also revealed that,

Through discussing in the class we shared information and knowledge. I got the explanation
not only from the lecture but also from friends. Through journal writing I could review and
summarize the topics and realized which parts I have understood and which parts were
difficult. My understanding about the materials became deeper through doing all
assignments.

The implementation of the ACE teaching cycle had helped Febi to get better understanding of the
materials. She benefited from group discussions, writing reflective journals, and completing all
assignments. Through learning by herself she knew which parts she was able to understand and which
parts were hard to understand. As a result, she knew what contribution she could make and what kind
of help that she expected to receive from other friends in discussions. Group discussions enabled her to
share and change ideas, while writing the journal enabled her to review all topics. What has been
revealed by Febi reflected that she used deep strategy of cognitive engagement in learning.

Still on focus groups, Budi also revealed his response related to deep strategy of cognitive engagement:

Before class, I learnt the materials and together with my partner we applied what we have
learnt to create the concept map. In the classroom, we discussed the materials. This approach
encourages me to study hard. In the conventional classroom, there is no concept map, and
there is no reflective journal. There are only exercises to be done. I had allocated more time to
learn with this approach.

The use of the ACE teaching cycle approach has facilitated Budi to learn by himself and apply his
knowledge to complete the concept maps task. The approach has also encouraged him to study hard
and he allocated more time to learn. Budi has also shown that he used the deep strategy of cognitive
engagement in learning.

What have been revealed by Zola, Febi, and Budi indicated that they had used deep strategy in their
learning process. Through the use of the ACE teaching cycle in the Elementary Linear Algebra course
they had opportunities for summarising what was learnt, applying knowledge, connecting knowledge,
and using more time in learning. The use of this strategy enabled them to acquire deep understanding
of the topics, because this strategy encouraged them to learn intensively.

The qualitative data that related to the deep strategy aspect of cognitive engagement could also be seen
through classroom observations. In the Group C discussion during Week 4, Desi revealed an alternative
way to prove that the identity (AB)? = A?B? is not valid for any square matrices. Desi said, “I think, we
can also prove it using a counter example, we can take two particular 2x2 matrices that show that the
identity is not valid”. Before Desi proposed her idea her group had arrived at a solution to the problem.
She was not satisfied with the solution that her group had suggested. The alternative solution that was
proposed by Desi would add extend their insights to other ways of solving the problem. Desi has shown
that she has used deep strategy of cognitive engagement in learning.

The data about deep strategy aspect of cognitive engagement also came from the questionnaire. Tables
4 and 5 present the mean of the students” answers to each item in the pre-test and post-test. Overall, the
mean value and standard deviation of the deep strategy aspect of cognitive engagement can be seen in
Table 4.
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Table 4. Descriptive statistics for the deep strategy subscale of the SEMC in the pre-test and post-test
(n=37)

Pre-test Post-test
Mean Standard deviation Mean Standard deviation
7 3.39 0.88 3.50 0.78

No. of items

Table 5. Mean of the students” answers to each item of the deep strategy subscale of the SEMC in the
pre-test and post-test

Mean
No Items _———
Pre-test Post-test
When Ilearn mathematics, I would wonder how much the things I have learnt can be applied to real life. =~ 3.22 3.19
2 When I learn new things, I would think about what I have already learnt and try to get a new  3.65 3.84

understanding of what I know.
3 When I read mathematics textbook, I would try to pick out those things which should be thoroughly  3.97 4.05
understood rather than just reading next through.

4 1 would try to connect what I learned in mathematics with what I encounter in real life or in other ~ 3.41 3.32
subjects.

5 I'would spend out of class time to deepen my understanding of the interesting aspects of mathematics. ~ 3.16 3.35

6 In learning mathematics, I always try to pose questions to myself and these questions would help me  3.19 3.32

understand the core of mathematics.
7 I'would use my spare time to study the topics we have discussed in the class. 3.16 3.41

As shown in Table 4, the mean value of all items in the deep strategy subscale of cognitive engagement
in the post-test (3.50) was higher than that in the pre-test (3.39). This trend suggests that the
implementation of the ACE teaching cycle in the Elementary Linear Algebra course resulted in positive
effect on the use of deep strategy in students’ learning process.

From Table 5, it can be seen that five of the items (item 2, 3, 5, 6, and 7) displayed an increase in the
mean value from the pre-test to the post-test. These items were related to students’” efforts to deepen
their understanding of the materials. So, there was an increase in the deep strategy that was used by
students to understand the topics, especially on the five items. This result was probably caused by the
ACE teaching cycle approach that gave the opportunity to students to think about what they had
already learnt through the reflective journals homework, to learn from the textbook to prepare them to
create concept maps, to explore the material through discussions, and to complete exercises inside and
outside the classroom.

However, two of the seven items (item 1 and 4) showed a decreasing mean value in students’ responses
from the pre-test to the post-test. These items were related to the application of mathematics in real life
and to other subjects. This result may have been due to the material of the subject that did not explicitly
involve the use of the concepts in real life or the role of the concepts in other subjects. Most concepts of
this Elementary Linear Algebra course are about pure mathematics like linear equation systems, vectors,
matrix, vector spaces, and inner product space. This condition may be the cause of the slight decrease
in the mean values of the two items.

So, analysis of both qualitative and quantitative data showed that the use of the ACE teaching cycle in
the Elementary Linear Algebra course increase students’ deep strategy of cognitive engagement in the
same direction as what researcher had expected.

Reliance aspect of cognitive engagement

In this part I will discuss the results of the analysis about students’ reliance in learning. The purpose of
this analysis is to evaluate the effect of the implementation of the ACE teaching cycle in the Elementary
Linear Algebra course on students’ reliance. The data for this aspect was obtained from focus group
interviews, classroom observations and the questionnaire. Some of the students’ responses to these
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issues that were identified in the focus group interviews about reliance and independence in
mathematics learning will be presented first.

In focus group Febi revealed that,

The ACE teaching cycle has changed my approach in learning mathematics. In using this
approach, I have to learn first before coming to class. Through this method, we were first
asked to draw a concept map; but before we developed the concept map we had to first learn
by ourselves. If we didn’t understand a concept, we couldn’t produce a concept map. So,
through this method I have to learn by myself and not depend on the lecturer’s explanation.

Febi revealed that the use of the ACE teaching cycle in the Elementary Linear Algebra course had an
effect to her way in learning. The strategy that had been implemented facilitated her to improve her
ability to study by herself. The concept maps task that was completed by students before class has
encouraged her to learn the topics before she was involved in creating the concept maps. As a result,
she had known the topics before these were presented by the lecturer in the class. So, her dependence
on the lecturer’s explanations decreased.

Still in the focus groups, Yanti also expressed her opinion about the reliance aspect:

Before I studied using this method, I was very dependent on the teachers’ explanations. But
now with this method, I was trying to learn the materials by myself and reduce my
dependence on teachers. When I made a concept map I must have understood the materials
first. So, I pushed myself to understand the materials before making the concept map.
Through the reflective journal I could review all what I had learnt and through completing
the exercises I could improve my understanding of the concepts.

The use of the ACE teaching cycle in the Elementary Linear Algebra course has resulted in a different
learning experience for Yanti. In this course, she had the opportunity to learn not only from the lecturer’s
explanations but also from other activities like reading textbooks, creating concept maps, discussing in
groups, writing reflective journals, and completing exercises. Using this strategy, her dependence on
the lecturer’s explanations in the class has been reduced. As a consequence of this, her ability to
construct knowledge by herself has improved.

Zola also stated his opinion in the focus group as follows:

I think the ACE teaching cycle approach is suitable for my type of learning; when I am given
tasks I will do them seriously. Honestly, at the beginning I found difficulty to make concept
maps and reflective journals because they are something new to me. To produce a concept
map I have to study hard, I read the topics several times until I really understood the concept.
Through writing the reflective journal I become to better understand the material that I had
learnt. I often wrote a reflective journal first before I attempted the exercises. So, I feel that
the learning process with this strategy is very effective.

Here, Zola revealed two things: reliance and independence. He said that he would learn seriously if he
was given an assignment. This attitude reflected his reliance on the lecturer. The lecturer’s directions
were important for him to start learning, to give him ways on what should he do, and to encourage him
to learn by himself. What Zola said was reasonable; without the lecturer’s directions, he would not be
compelled to make concept maps, to discuss in groups, to write reflective journals, and to complete
exercises. On other hand, Zola also showed his independence in learning. He struggled to understand
the topics by himself in order to be able to contribute in creating concept maps and discussing in his

group.

The qualitative data that were revealed from students’ responses in the focus group interviews revealed
the increasing independence in students’ learning. This fact showed that the use of the ACE teaching
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Figure 1. Group B1 presenting the concept maps about determinants

Table 6. Descriptive statistics for the reliance subscale of the SEMC in the pre-test and post-test (n=37)

Pre-test Post-test

No. of items — —
Mean Standard deviation Mean Standard deviation

7 3.70 0.67 3.78 0.62

cycle in the Elementary Linear Algebra course affects students’ independence in learning. On other
hand, the data also showed that students” had trust in the lecturer’s instruction.

The information about students” independence in learning was also obtained from students’ activities
in the classroom. As an example, the researcher took concept maps presentation during Week 5 by
Group B1. Concept maps presentation was a learning activity at the beginning of the class in every
classroom meeting. A group was selected to present their concept maps in front of the class. The
mathematics topic that they presented in Week 5 was about Determinants. Group B1 comprised three
members, Eki, Vera, and Salsa. They shared the duties in presenting the concept map that they had
created; Eki acted as moderator whilst Salsa and Vera acted as concept map presenters.

Salsa presented the concept map using PowerPoint. She explained the definition of determinant. Salsa
also used the blackboard to provide additional explanations and examples. And then, the presentation
was continued by Vera. She gave the explanation about the properties of determinants, cofactor
expansion, Cramer’s rule and the application of determinants. Salsa and Vera presented their concept
maps that they had conscientiously in a systematic manner. What they had displayed in presenting the
concept maps was the result of their efforts in learning. They had learnt the topic through learning
individually and discussing in their small group to produce the concept maps. They were able to create
and present the concept maps without any help from the lecturer. This showed that the use of the ACE
teaching cycle approach in the Elementary Linear Algebra course has encouraged students to become
independent in their learning. Figure 1 shows Group Bl presenting the concept maps about
Determinants.

The data about the reliance aspect of cognitive engagement was also obtained from the questionnaire.
Tables 6 and 7 provide the mean of the students’ answers to each item of the reliance subscale of
cognitive engagement of the SEMC in the pre-test and post-test. The overall mean value and standard
deviation of the reliance aspect of cognitive engagement can be seen from Table 6.

Overall, as shown in Table 6 the mean value of all items in the post-test (3.78) was higher than in the
pre-test (3.70). This trend suggests that the implementation of the ACE teaching cycle in the Elementary
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Table 7. Mean of the students” answer to each item of the reliance subscale of the SEMC in the pre-test
and post-test (n = 37)

Mean
No Items S e
Pre-test Post-test
1 The best way to learn mathematics is to follow the lecturer’s instructions. 3.84 3.86
2 The most effective way to learn mathematics is to follow the lecturer’s instruction. 3.86 3.78
3 I'would learn what the lecturer teaches. 4.07 4.03
4 Twould learn in the way the lecturer instruct me 3.49 3.68
5 Iwould solve problems in the same way as the lecturer does. 3.51 3.78
6 Isolve problems according to what the lecturer teaches. 3.86 3.95
7 In the learning mathematics, no matter what the lecturer says, I will follow accordingly. 3.30 3.38

Linear Algebra course had an influence on the increase in the reliance aspect of cognitive engagement.
Most of the items of the reliance aspect of cognitive engagement relate to students’ trust in the lecturer’s
approach to the learning process. These items were not particularly intended to reveal students’
independence in learning. Specifically, the change in students’ responses to each item of the reliance
aspect can be seen in Table 7.

From Table 7, it can be seen that there was an increase in the mean value in five of the seven items (item
1, 4, 5, 6, and 7). These items relate to the instructions and examples that were given by the lecturer
during the teaching and learning process. Based on these students’ responses, it appears that as
consequence of the use of the ACE teaching cycle students tended to follow the directions and examples
that were given by the lecturer. Students probably expected the lecturer to give directions and advice
to them on how to learn individually, to create concept maps, to discuss the mathematics problem
solving, to do exercises, and to write reflective journals. All of these directions have an effect on how
the students learn.

However, a decrease in the mean value was also observed for two items (items 2 and 3), with a larger
decrease for item 2. The decrease in the mean value for item 2 (the most effective way to learn
mathematics is to follow the lecturer’s instruction) was not surprising because in the ACE teaching
approach the lecturer’s role in giving instructions was smaller than in the traditional approach. In ACE
teaching model, the lecturer only had 40 — 50 minutes out of a total of 150 minutes during each session
to give the instructions in the classroom. The remaining time was used for concept maps presentation
and group discussions. Students’ responses to this item showed that the use of the ACE teaching cycle
approach had resulted in a decline in students’ reliance on lesson instructions that were given by the
lecturer. In other words, the approach had increased students’ independence in learning.

So, analysis of both qualitative and quantitative data showed that the use of the ACE teaching cycle
approach in the Elementary Linear Algebra course increase students’ independence in learning and
decrease students’ reliance on knowledge from the lecture directly. The data also showed an increase of
students’ reliance on lecturer’s direction in the classroom.

Students’ Affective Engagement

Affective engagement is closely related to students’ reactions to the learning environment like, high
level of interest, enjoyment, positive attitude towards learning, boredom, happiness, feelings of
belonging, etc. (Chapman, 2003; Pierce et al., 2005). In this study, students’ affective engagement would
be seen through four dimensions namely, interest, achievement orientation, anxiety, and frustration
(Kong et al., 2003; Miserandino, 1996).

Interest aspect of affective engagement

The purpose of analysing the data in this section was to study the change on the interest aspect of
students’ affective engagement before and after the use of the ACE teaching cycle in the Elementary
Linear Algebra course. The researcher expected that the use of this approach would improve students’
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Table 8. Descriptive statistics for the interest subscale of the SEMC in the pre-test and post-test (n=37)

Pre-test Post-test

No. of items — .
Mean Standard deviation Mean Standard deviation

6 4.02 0.76 4.17 0.69

Table 9. Mean of the students” answers to each item of the interest subscale of the SEMC in the pre-test
and post-test (n = 37)

Mean
No Items _—
Pre-test Post-test

1 In the mathematics class, I find the mathematics knowledge interesting and mathematics learning is  4.05 427
enjoyable.

2 Ifind mathematics learning pleasurable and I am interested in solving mathematics problems. 3.95 411

3 Ifeel a sense of satisfaction when I do mathematics exercises in class. 4.70 4.68

4 Tam always curious to learn new things in mathematics and I find learning mathematics enjoyable. 3.89 4.03

5 Ifeel excited when we start a new topic in mathematics. 3.68 3.92

6 I am very interested to know how to solve new mathematics problems. Mathematics always gives me  3.86 3.97
pleasure.

interest in learning mathematics. The data for this analysis came from focus group interviews
(qualitative data) and from the questionnaire (quantitative data). The qualitative data will be analysed
first.

In focus groups, Eki revealed his interest in learning mathematics using the ACE teaching cycle
approach by saying, “I became more interested in studying mathematics. One important thing was that
I was ready to attend classes.” Explicitly, Eki revealed that the strategy that was implemented in the
Elementary Linear Algebra course affected his interest in learning. He also stated that the ACE teaching
cycle had encouraged him to learn before class, so he could participate well in the class.

Next, Budi also revealed his opinion that relates to interest: “This approach is very suitable for my
learning style, because the approach gave attention to self-learning.” This Budi’s response showed that
he had improved interest to be involved in learning Elementary Linear Algebra using the ACE teaching
cycle because the approach accommodated the procedures that he liked. As consequence of his interest,
he felt that learning mathematics was an enjoyable activity and encouraged him to be fully involved in
learning, although at first he felt awkward. Related to this, Bayu stated that “From one week to another
week I became familiar with this method. Although at the beginning, I felt worried about how to
produce a good concept map or how to make a good reflective journal.”

In another instance in focus group interviews, Yanti revealed her interest by saying, “About the time
for learning, my learning time increased with this method and I became more intensive in learning”.
Allocating more time for learning would give her the opportunity to understand a topic better. What
Yanti said reflected her attention to focus in learning. This fact showed that Yanti had improved interest
in learning as a consequence of the use of the ACE teaching cycle approach in the Elementary Linear
Algebra course.

Quantitative data from the closed questionnaire also revealed the interest aspect of students’ affective
engagement. Tables 8 and 9 summarise the mean of the students’” answers to each item of the interest
subscale of the SEMC in the pre-test and post-test. Overall, mean values and standard deviations of the
interest aspect of affective engagement are given in Table 8.

As shown in Table 8, the mean value of all items in the post-test (4.17) was higher than that in the pre-
test (4.02). This finding suggests that the implementation of the ACE teaching cycle in the Elementary
Linear Algebra course had the same effect as the researcher’s expectations about students’ interest in
learning mathematics. More details about this outcome could be seen in Table 9.
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In Table 9, it is seen that the mean value increased for almost all items. The highest increase was in item
5: “ feel excited when we start a new topic in mathematics.” The use of the ACE teaching cycle approach
had influenced students’ readiness to learn new topics. They were happy to learn a new topic. Their
pleasure to learn new topics was probably caused by the approach used in the teaching and learning
process that facilitated them to directly and intensively interact with the topics of the course so that they
had the desire to learn other topics further. This fact is different from my previous experience as a
lecturer, where most of the students felt worried to learn a new topic.

The decrease in the mean value occurred only for item 3: “I feel a sense of satisfaction when I do
mathematics exercises in class”. Mean value in the pre-test was 4.70 while in the post-test the mean was
4.68. The difference of between these two means is very small, with the two scores almost having the
perfect value of 5, suggesting that most of the students chose the option 5 (almost always) for item 3 in
the pre-test and post-test. In the pre-test, most of the students indicated that they felt a good sense of
satisfaction when they did mathematics exercises in class before the ACE teaching cycle approach was
implemented. In the post-test, there was a similar trend in students’ responses to the item. So, it may be
concluded that most of the students had a good sense of satisfaction in doing mathematics exercises
before and after the use of the ACE teaching cycle approach.

So, the analysis of both qualitative and quantitative data showed that the use of ACE teaching cycle had
the same improved effect on the students’ interest in learning mathematics as that expected by the
researcher.

Achievement orientation aspect of affective engagement

The purpose of analysing data in this section is to evaluate the effect of the use of the ACE teaching
cycle in the Elementary Linear Algebra course on the achievement orientation aspect of students’
affective engagement. As a researcher, my expectation was that the use of the approach would have a
positive effect on students’ achievement orientation. The analysis was performed on the qualitative and
quantitative data. The qualitative data would be analysed first.

In focus group interviews, students expressed their effort in learning like what Vera said,

The difficulty that I found in learning with this method was that it was difficult to
understand the new materials, because I had to learn the materials by myself first. I had to
learn slowly to understand the concepts. So, I needed much time to understand the materials.
Sometime I learnt the materials from the textbook over and over again until I understood.

Vera realized that she faced difficulty in learning, especially to learn new topics. This condition did not
prevent her from continuing learning. Although slower, she continued learning to understand the
material. This behaviour showed that she displayed achievement orientation in learning.

Still on focus group interviews, Budi also revealed his achievement orientation by saying that “This
approach encourages me to study hard. I had allocated more time to learn with this approach.” He
expressed that the implementation of the ACE teaching cycle in the Elementary Linear Algebra had
encouraged him to be serious in learning so that he could achieve his learning aims. By working hard
and allocating more time gave him the opportunity for him to learn more concepts and to deepen his
understanding.

The quantitative data from questionnaire also revealed about the achievement orientation aspect of
affective engagement. Tables 10 and 11 summarise the mean values of the students’ responses to each
item of the achievement orientation subscale of the SEMC in the pre-test and post-test. The overall mean
values and standard deviations of the achievement orientation subscale can be seen in Table 10.

Students’ responses to the achievement orientation items, shown in Table 10, revealed that most of the
students selected option 4 (often) or 5 (almost always) for all items. This can be seen from the mean for



Syarifuddin & Atweh EUROPEAN ] SCI MATH ED Vol. 10, No. 1, 2022 | 125

Table 10. Descriptive statistics for the achievement orientation subscale of the SEMC in the pre-test and
post-test (n=37)

Pre-test Post-test
Mean Standard deviation Mean Standard deviation
6 4.54 0.63 4.50 0.59

No. of items

Table 11. Mean of the students’ answers to each item of the achievement orientation subscale of the
SEMC in the pre-test and post-test (n = 37)

Mean
No Items _——
Pre-test Post-test
1 Though mathematics learning is tough, I feel happy when I can finish the tasks. 4.46 4.49
2 Though mathematics learning is boring, I am happy when I get good result. 4.54 441
3 Learning mathematics is tough, but to get good result, the effort is worthwhile. 4.43 4.49
4 Learning mathematics is tough, but I am satisfied when I get good result after making an effort. 4.73 4.59
5 Learning mathematics is tough, but I am happy as long as I can get good result. 4.54 4.46
6 Though mathematics learning is tough, I get a sense of satisfaction when I get good result. 4.54 4.54

both the pre-test and the post-test (4.54 and 4.50). These mean values showed a slight decrease in
students’ responses to the achievement orientation aspect of affective engagement. This result was not
in accordance with the expectations of the researcher who had expected an increase in this aspect, but
based on both the mean values it can be said that the students displayed satisfactory achievement
orientation before and after the use of the ACE approach. As a researcher I saw that there was no
significant change in the achievement orientation aspect of affective engagement. In other words, the
implementation of the ACE teaching cycle in the Elementary Linear Algebra course did not change
students’ achievement orientation significantly. Further details about students’ responses in both the
pre-test and post-test can be seen in Table 11.

Table 11 shows that the mean value for all items in the pre-test and post-test were above 4. This trend
suggests that most students had good achievement orientation in learning before and after the
implementation of the ACE teaching cycle approach and the use of the approach was able to maintain
the students” achievement orientation in learning.

So, qualitative data revealed that the use of the ACE teaching cycle had encouraged students to study
hard. While the quantitative data did not show an increase in the mean value from the pre-test to the
post-test on all items, the mean values were still high. This fact suggests that students had strived to
understand material more but still got the same reward from their success.

Anxiety aspect of affective engagement

The purpose of analysing the data in this section was to evaluate the effects of the use of the ACE
teaching cycle in the Elementary Linear Algebra course on the anxiety aspect of students’ affective
engagement. Author expected that the use of this approach would result in a decrease in students’
anxiety levels in learning mathematics. The data for this aspect came from focus groups (qualitative
data) and the questionnaire (quantitative data). The qualitative data will be analysed first.

In the focus group interview, Zola revealed his opinion about the use of ACE teaching model that relate
to anxiety in learning.

Through this approach I could share my knowledge in mathematics with other friends. I
understood more if I could teach someone else. I was happy learning mathematics using this
approach. This teaching model was suitable with my learning style. I just felt anxious to face
the test.

Zola’s opinion above reflected that the use of the ACE teaching cycle approach in Elementary Linear
Algebra course did not cause him any anxiety in learning. He just felt anxious to face the test.
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Table 12. Descriptive statistics for the anxiety subscale of the SEMC in the pre-test and post-test (n=37)

Pre-test Post-test

No. of items — .
Mean Standard deviation Mean Standard deviation

5 3.49 0.86 3.46 0.85

Table 13. Means of the students’ responses to each item of the anxiety subscale of the SEMC in the pre-
test and post-test (n = 37)

Mean
No Items _—————
Pre-test Post-test
1 Ifind myself very nervous during mathematics test. 3.22 3.38
I am worried in mathematics examinations. 3.35 3.30
3 During mathematics examinations, when I come across problems that I cannot comprehend, I will feel ~ 3.46 3.43
very nervous.
4 Tam always afraid that I will get poor result in mathematics test. 3.78 3.62
5 During mathematics test, when I come across problems that I cannot solve, I will feel very anxious. 3.68 3.57

In focus group interviews Yanti stated,

From week to week I became more anxious, because the materials became more complicated.
I have learnt the materials at home but it was still hard for me to understand. I got a lot of
help from friends in my group, this made me feel safe

Yanti felt anxious because she realized that if she couldn’t learn the topics properly, then she would face
difficulty to follow further learning because the topics in mathematics are related to each other. But, she
felt safe because she belonged to a supportive group that were ready to help her. This fact points to an
indication that the use of the ACE teaching model had facilitated Yanti to reduce her anxiety in learning.

Still in the focus group other students revealed their anxiety in facing the test. Zola stated that “I always
feel anxious before an examination.” Next, Eki said that “I will be anxious when I can’t solve a problem.”
Many other students are like Zola and Eki, they become anxious to face exams. Students feel anxious
before and during the examination because they don’t want to fail. This condition may have encouraged
them to learn harder.

The data about anxiety also came from the questionnaire. All items in anxiety subscale related to test or
examination. Students were required to respond to five items about the anxiety aspect of affective
engagement. The questionnaire was administered to students on two occasions, before and after the
implementation of the ACE teaching cycle. Tables 12 and 13 presents the means of the students’
responses on the anxiety subscale of affective engagement of the SEMC in the pre-test and post-test. The
overall mean values and standard deviations of the anxiety subscale can be seen in Table 12.

Table 12 shows that the mean values in both pre-test and post-test are relatively high at 3.49 and 3.46.
Most of the students selected options 3 (sometimes) or 4 (often) for all items. So, this trend suggests that
the anxiety experienced by students in facing the test either before or during the use of the ACE teaching
cycle approach was quite high. However, the use of the approach has resulted in a slight reduction of
the students” anxiety levels. This could be seen from the mean value of the post-test mean that was
slightly lower than the mean value in the pre-test. The change was practically negligible. More details
about the mean values of each item of the anxiety aspect of affective engagement in the pre-test and
post-test can be seen in Table 13.

In Table 13, it is seen that there was a decrease in the mean value for almost all the items. The mean
value increased only for item 1, “I find myself very nervous during mathematics test”. This increase in
the mean value was very significant, increasing from 3.22 in the pre-test to 3.38 in the post-test.
However, as a lecturer I had expected that the level of their anxiety would have declined. I was surprised
to observe this result. Why did this happen? According to Crowder (2011) the longer a student takes to
prepare for a test the more nervous s/he becomes. In my teaching practice using the ACE teaching cycle
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Table 14. Descriptive statistics for the frustration subscale of the SEMC in the pre-test and post-test (n
=37)

Pre-test Post-test
Mean Standard deviation Mean Standard deviation
5 1.75 0.76 1.66 0.74

No. of items

approach, I found that students spent more time preparing for a test, similarly to what Crowder had
speculated. According to Crowder (2011) the best advice to reduce nervousness when preparing for a
mathematics test is by revising the mathematics concepts slowly.

So, the qualitative data suggest that the use of the ACE teaching model did not trigger students” anxiety
in learning mathematics. The approach facilitated student to feel happy and safe. The qualitative and
quantitative data that relate to the test suggest that students experienced some anxiety. From the
quantitative data shown in Table 14, there was a slightly decreased in the mean value of students’
responses in the post-test compared with their responses in the pre-test. This trend suggests that
students’ level of anxiety that relate to test had slightly decreased. According to Peker (2009), one of the
causes of anxiety in learning mathematics is due to negative experiences in the learning process like
failing a test, difficulty in understanding a concept, limited support from the lecturer, etc. So, this trend
suggests that the implementation of the ACE teaching cycle in the Elementary Linear Algebra reduced
the students’ negative experiences in learning mathematics. This finding was similar to that of the
researcher’s expectations.

Frustration aspect of affective engagement

The purpose of analysing the data in this section was to evaluate the effects of the implementation of
the ACE teaching cycle in the Elementary Linear Algebra course on the frustration aspect of students’
affective engagement. The expectation of the implementation of the approach was that students’
frustration in mathematics learning would be reduced. The data for this aspect came from focus groups
(qualitative data) and the questionnaire (quantitative data).

In the focus group interviews, students were asked whether they felt frustrated when they learnt using
the ACE teaching cycle approach. Some of them gave their response as follows: Budi’s response, “No, I
didn’t feel frustrated when I learnt with this approach.” Yanti revealed that, “Ijust felt frustrated when
I couldn’t solve the problem.” Zola also gave his response, “I usually got frustrated when I knew that I
made a mistake in the test.” So generally, I could say that the students did not feel frustrated when they
followed learning using the ACE teaching model.

Budi revealed that the learning activity which he followed did not cause him to feel frustrated. This
suggests that Budi enjoyed the lessons and could follow the lessons well. Meanwhile, Yanti and Zola
had almost similar feelings when they revealed that they felt frustrated only when they made mistakes
in the test. Perhaps this is not uncommon source of frustration to most students studying mathematics.

The data about frustration were also obtained from the questionnaire. Students were required to
respond to five items about the frustration aspect of affective engagement. The questionnaire was
administered to students on two occasions, before and after the use of the ACE teaching cycle. The mean
values and standard deviations for the items of the frustration aspect of affective engagement can be
seen in Table 14.

From the descriptive statistics Table 14, the mean values of the frustration aspect of affective
engagement are less than two. This finding suggests that most students selected options 1 (almost never)
or 2 (seldom) from the five options that were provided. This finding suggests that the level of students’
frustration in learning mathematics was low before and during the use of the ACE teaching cycle.
However, the mean value decreased from 1.75 in the pre-test to 1.66 in the post-test. This trend suggests
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Table 15. Means of the students’ responses to each item of the frustration subscale of the SEMC in the
pre-test and post-test (n = 37)

Mean
No Items P i
Pre-test Post-test
1 Ifeel uncomfortable when the teacher starts a new topic. 2.24 2.14
2 I am tired of learning a new topic in class. 211 1.81
3 I do not like attending mathematics classes. 151 1.54
4 Idislike doing mathematics. 1.24 1.35
5 Iam tired of learning mathematics. 1.65 1.46

that the level of students’ frustration only slightly decreased as a result of the use of the approach. The
mean value of students’ responses to each item of the frustration aspect can be seen in Table 15.

In Table 15, it can be seen that the mean values of students’ responses to each item are in the range of 1
to 2. This trend reflected the low levels of students’ frustration before and during the use of the ACE
teaching cycle. However, from the table it can be seen that the mean values of some items had increased
but had decreased for other items. The most notable decrease in the mean value was for item 3, “I am
tired of learning a new topic in class.” The decrease in this mean value could have been due to the
students having learnt the new topics through a series of activities that they had followed step by step.
First, they read the textbook as a preparation to create the concept maps. Then, they were involved in
creating the concept maps about the topics. Next, they were involved in discussions about the topic in
the class. Then, they listened to the lecturer’s explanations about the topics. Finally, they wrote reflective
journals and completed homework exercises on the topics. So, they did not learn the new topics at one
go but gradually. This approach may have had an effect on the level of the students’ tiredness in
learning.

So, from the qualitative and quantitative data it may be deduced that students felt frustrated in learning
mathematics before and during the use of the ACE teaching cycle approach. The qualitative data
revealed that the level of students’ frustration during the use of the approach had only slightly
decreased. This finding suggests that the use of the ACE teaching cycle had contributed to lowering of
students’ frustration in learning, similarly to what the researcher had expected.

Students’ Behavioural Engagement

Behavioural engagement is closely related to student participation in the classroom. Active participation
in the classroom is demonstrated by: compliance with classroom procedure, taking initiative in the
group and classroom, becoming involved in the classroom activities, asking questions, regularly
attending class, and comprehensively completing assignments (Chapman, 2003; Skinner & Belmont,
1993). According to Kong et al. (2003), students” behavioural engagement in learning could be seen
through two aspects, namely; attentiveness and diligence. These two terms will be discussed to describe
students’ behavioural engagement in learning.

Attentiveness aspect of students’ behavioural engagement

The purpose of analysing the data in this section was to evaluate the effects of the use of the ACE
teaching cycle in the Elementary Linear Algebra course on the attentiveness aspect of students’
behavioural engagement. The data for this approach came from focus group interviews, classroom
observations (qualitative data), and the questionnaire (quantitative data).

In the focus group, Febi revealed her attentiveness in learning using ACE teaching approach by saying,

Through discussing in the class we could share information and knowledge and through
journal writing I could review the topics. I got the explanation not only from lecture but also
from friends. I achieved deeper understanding of the topics through doing all tasks.



Syarifuddin & Atweh EUROPEAN ] SCI MATH ED Vol. 10, No. 1, 2022 | 129

Figure 2. Classroom atmosphere when all groups were involved in discussions during Week 4

Febi stated that she involved herself actively in the learning activities, like doing all the tasks, and by
being active in discussions. She also revealed that she benefited from learning with this approach by
sharing ideas in discussions, reviewing the materials, and in the process achieved deeper
understanding. This fact suggests that the students were engaged in the teaching and learning
procedures that were implemented in the course.

Still in the focus groups, Budi said,

About discussions in the class, if we were given a lot of problems to solve then we shared the
problems so that each of us could work individually first, and then we discussed them
together. So, in the group there was mutual exchange of information that increased my ability
to solve the problem.

Budi explained his group’s strategy to discuss the problems. This practice was an indication that all of
them had paid attention to be involved to solve the mathematical problems that they faced.

The attentiveness aspect of behavioural engagement could also be seen through classroom observations.
Figure 2 presents the classroom atmosphere during Week 4 when all groups held discussions while
solving the mathematics problems. All groups in the class were involved in active discussion. Through
discussions in groups, they had the opportunity to share knowledge in their effort to solve the problems
that they faced. This finding suggests that the use of the ACE teaching cycle approach had affected
students’ attentiveness in learning.

The data about this attentiveness aspect also came from the questionnaire. Students were required to
respond to six items about the attentiveness aspect of their behavioural engagement. The questionnaire
was administered to students on two occasions, before and after the use of ACE teaching cycle. The
mean values and standard deviations of the students’ responses to all items of the attentiveness aspect
can be seen in Table 16.
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Table 16. Descriptive statistics for the attentiveness subscale of the SEMC in the pre-test and post-test

(n=37)
. Pre-test Post-test
No. of items — .
Mean Standard deviation Mean Standard deviation
6 3.79 0.83 3.78 0.81

Table 17. Mean of the students’ responses to each item of the attentiveness subscale of the SEMC in the
pre-test and post-test (n = 37)

Mean
No Items _—
Pre-test Post-test
1 Ilisten to the lecturer’s instruction attentively. 3.92 3.97
2 In the discussion of new topics, I take an active part and raise my points. 2.97 3.22
3 Ireally make an effort in the mathematics lesson. 4.16 4.08
4 I concentrate very hard when the teacher introduces new mathematical concepts. 4.05 4.05
5 I will use every means to understand what the lecturer teaches in mathematics. 4.30 3.89
6 Ilalways take part in the discussion in the mathematics class. 3.32 3.46

As shown in Table 16, the mean values of the attentiveness aspect of students’ behavioural engagement
was 3.79 in the pre-test and 3.78 in the post-test; these values are almost same. Before the use of the ACE
teaching cycle the level of students’ attentiveness in learning mathematics was high and after the use of
the approach their attentiveness level was still high. So, the researcher could deduce that the use of the
approach maintained the students’ high level of attentiveness. Further details about the students’
response to all of the items can be seen in Table 17.

Table 17 shows a significant increase in the mean values for item 2, “In the discussion of new topics, I
take an active part and raise my points”, and for item 6, “I always take part in the discussion in the
mathematics class.” The students’ responses to these two items suggest that the use of the approach has
had the effect of improving their attentiveness in learning especially in relation to discussion activities.
The improvement in these items was possible because the ACE teaching cycle approach enabled them
to be actively involved in discussion activities.

There was significant decrease in the mean value for item 5, “I will use every means to understand what
the lecturer teaches in mathematics.” The mean value of this item decreased from 4.30 in the pre-test to
3.89 in the post-test. The decrease in this mean value was not unexpected because the lecturer did not
spend much time in explaining the materials in the ACE teaching cycle approach. Students did not
depend on the lecturer to receive explanations about the topics.

A decrease in the mean value was also observed in item 3, “I really make an effort in the mathematics
lesson.” The mean value of this item decreased slightly from 4.16 in the pre-test to 4.08 in the post-test.
These mean values were slightly above 4, suggesting that most of the students gave their responses as
option 4 (often) or as option 5 (almost always). So, most of the students really made an effort in learning
mathematics not only in learning with the ACE teaching cycle but also in the learning before the
implementation of the ACE teaching cycle.

Diligence aspect of students’behavioural engagement

The purpose of analysing the data in this section was to evaluate the effects of the use of the ACE
teaching cycle in the Elementary Linear Algebra course on the diligence aspect of students’ behavioural
engagement. As a lecturer and researcher in this study, my expectation was that the use of this approach
in my teaching practice would have a positive effect on the students’ diligence in mathematics learning.
The data for this approach came from focus group interviews and the questionnaire.

In focus group interview Zola revealed that “To produce a concept map I have to study hard; I read the
material several times until I really understood the concept.” This comment showed Zola’s persistence



Syarifuddin & Atweh EUROPEAN ] SCI MATH ED Vol. 10, No. 1, 2022 | 131

Table 18. Descriptive statistics for diligence subscale of the SEMC in the pre-test and post-test (n = 37)

Pre-test Post-test

No. of items — .
Mean Standard deviation Mean Standard deviation

6 3.79 0.84 3.94 0.75

in learning. He had the willpower to understand the topics. He realized that if he didn’t understand the
topics then he would face difficulty in developing the concept maps.

Budi also gave his response which related to diligence:

This approach encourages me to study hard. In the conventional classroom there are no
concept maps, and there are no reflective journals. It only had exercises. I had allocated more
time to learn with this approach.

Budi revealed that the use of ACE teaching cycle in the Elementary Linear Algebra had influenced his
way of learning. He became more diligent and allocated more time to study.

The persistence in learning was also revealed by Yanti:

When I drew a concept map 1 had to understand the topics first. So, I pushed myself to
understand the topics before drawing the concept map. In other subjects that were taught in
the conventional way, if I found difficulty to solve a problem or to understand a concept 1
didn’t care and I would not study hard for it, because 1 knew the lecturer would give the
complete explanation in the classroom.

Yanti also stated that the teaching approach had encouraged her to study hard so that she was able to
understand the materials and complete her tasks. She also indicated her reaction in facing difficulties in
other subjects that were taught conventionally; she just waited for the lecturer to explain the issues that
were difficult to understand.

Febrina also revealed her diligence in learning by saying, “In learning I am not only used to the main
textbook but also I used other books and internet facility to support my learning. I did that if I need
more explanations”. Her diligence in learning showed that Febi had engagement in learning
mathematics. She was encouraged to better understanding of the topics deeper through learning from
various sources.

The data about this diligence aspect also came from the questionnaire. Students were required to
provide their responses to six items of the diligence aspect of students’ behavioural engagement. The
questionnaire was administered to students on two occasions, before and after the use of ACE teaching
cycle. Table 18 shows the mean values and standard deviation of students’ responses to all items of the
diligence aspect of students’ behavioural engagement.

Table 18 shows that the mean value of students’ response on the diligence aspect of behavioural
engagement improved from 3.79 in the pre-test to 3.94 in the post-test. This increase suggests that the
use of the ACE teaching cycle had affected students’ diligence in mathematics learning. This was
possible because the approach had facilitated them to be involved in learning through various activities.
Table 19 presents the mean values of the students’ responses on to each item of the diligence aspect.
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Table 19. Mean of the students’ responses to each item of the diligence subscale of the SEMC in the pre-
test and the post-test (n=37)

Mean
No Items S e
Pre-test Post-test
1 For difficult problem, I would study hard until I understand them. 3.95 3.92
2 IfI cannot arrive at the right answer straight away. I will try again later. 3.70 3.86
3 IfI cannot tackle a problem, I would try again later. 3.59 3.78
4  If I make mistake in solving problems, I will work until I have corrected them. 3.84 4.00
5 If I work on problems persistently, I am sure that I will get the right answer. 4.19 4.24
6 IfI cannot solve a problem right away, I will persist in trying different methods until I get the solution. ~ 3.49 3.81

In Table 19, an increase in the mean value occurred for almost all items, except for item 1 where there
was a slight decrease. The increasing mean values for the other five items was an indication that
students tended to be more diligently in their learning as a result of the implementation of the ACE
teaching cycle. This improvement was possible because the ACE teaching cycle approach provided
opportunities to students to be actively involved in the teaching and learning process. So, the use of the
approach has had the same influence on the diligence aspect of behavioural engagement that expected
by the researcher.

The use of the ACE teaching cycle approach in the Elementary Linear Algebra course at Padang State
University for one semester has influenced the students’ engagement in learning. The influences could
be seen from the qualitative and quantitative data in the three domains of students’ engagement in
learning namely, cognitive, affective, and behavioural.

The qualitative data revealed the effects of the use of the ACE teaching cycle approach on the three
domains of cognitive engagement. On cognitive engagement, students displayed their engagement
through three aspects namely, surface strategy, deep strategy, and reliance. The data revealed that the
students used both surface strategy and deep strategy in their efforts to engage in the teaching and
learning process. The qualitative data also revealed that students became more independent in their
learning and their dependence to acquire knowledge from the lecturer decreased. On affective
engagement, students demonstrated their engagement through four aspects namely, interest,
achievement orientation, anxiety, and frustration. The qualitative data revealed that the use of the ACE
teaching cycle approach has had impact on students” engagement in learning in the following aspects:
the students were more interested in learning; students were encouraged to study hard to achieve their
goals; students felt happy and safe in learning; and the level of students’ frustration tended to diminish.
On behavioural engagement, students demonstrated their engagement through two aspects namely,
attentiveness and diligence. The data about these aspects revealed that the use of the approach had
impact on students’ engagement with students demonstrating their active involvement in the teaching
and learning process and in their diligence in learning.

The quantitative data that were obtained from the Student Engagement in the Mathematics Classroom
questionnaire also showed the effects of the use of the ACE teaching cycle approach in the Elementary
Linear Algebra course. Students gave their responses to the questionnaire on two occasions, before and
after the use of the approach in their learning process. Table 20 presents the mean values of all aspects
of engagement in the pre-test and the post-test.
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Table 20. Mean values and standard deviations of the aspects of engagement of the SEMC in the pre-
test and post-test (n = 37)

; Pre-test Post-test
Aspects of Engagement Mean Standard deviation Mean Standard deviation
Cognitive Engagement

Surface Strategy 2.98 1.02 2.92 0.89

Deep Strategy 3.39 0.88 3.50 0.78

Reliance 3.70 0.67 3.78 0.68
Affective Engagement

Interest 4.02 0.76 4.17 0.69

Achievement Orientation 454 0.63 4.50 0.59

Anxiety 3.49 0.86 3.46 0.85

Frustration 1.75 0.76 1.66 0.74
Behavioural Engagement

Attentiveness 3.79 0.83 3.78 0.81

Diligence 3.79 0.84 3.94 0.75

The researcher had expected that the mean values of seven aspects (surface strategy, deep strategy,
reliance, interest, achievement orientation, attentiveness, and diligence) of the total of nine aspects of
engagement to increase. An increase in the mean values occurred for most of the aspects of engagement
except for achievement orientation and attentiveness. However, the mean values of these two aspects
were slightly decreased although their mean values were high before and after the use of the approach.
On the aspects of anxiety and frustration, the mean value of the two aspects was seen to decrease. This
result is similar to what the researcher had expected. So, based on this quantitative data, the researcher
can say that the use of the ACE teaching cycle approach in the Elementary Linear Algebra course has
had an effect on students’ engagement in learning, with students becoming more engaged in their
learning.

So, based on the qualitative and quantitative data the researcher can say that the implementation of the
ACE teaching cycle approach in the Elementary Linear Algebra course has had an effect on students’
engagement in learning, as the approach has encouraged students to improve their engagement in
learning elementary linear algebra.
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