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Abstract

This study investigated the effect of inquiry-based teaching approach on students’ achievement in
Circle theorems in Senior High Schools. The study used sequential exploratory mixed method
research design bcollect quantitative and qualitative data to answer the various research questions. A
sample of 105 students and 6 mathematics teachers from the two schools were randomly and
conveniently selected respectively for the study. Circle Theorems Achievement Tests (CTAT) was
administered to both intact classes (control andexperimental) as pre-test and after the intervention a
similar CTAT was administered as post-test. During treatment, the experimental group were taken

through inquiry- based teaching approach instruction while the traditional instruction was applied to
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the control group. Results from paired sample t-test showed that participants in the experimental group
had increment in their post-test as compared to the pre-test. However, independent samples t-test
results revealed that students in the experimentalgroup achieved better in the post-test as compared to
those in the control group. Interview data showed students negative attitudes and teachers’ teaching
methods (useof traditional teaching method) were the main cause of students’ poor performance in
circle theorems. The observation data also revealed that time factor was challenging since inquiry
class activities needed more time to complete and also forming the smallgroups was a challenge in the
class due to large class size and classroom not spacious. In conclusion, inquiry-based teaching
approach was found to increased students’ achievement in circle theorem than the traditional
instruction and hence recommendedfor teachers to implement it in their teaching.
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1. Introduction

Mathematics is one of the most useful subjects worldwide. In view of this, its importance in everyday
life cannot be undermined. The main objective of teaching mathematics at all levels is to enable the
learner develop clear and logical thinking needed for analysis of both academic and everyday life
situation (Scopes, 1973). Thus, mathematics aids in understanding other subjects, especially the science
subjects. Mathematics is necessary for the development of scientific, technical, monetary and
commercial activities around the life of an individual and the community (Ayot & Patel, 1992).
Mathematics has become a compulsory subject up to a certain academic level in almost every nation of
the world. According to Kinyua, Maina, and Odera (2003), mathematics helps the students to improve
their skills in measurement, approximation and estimating. Such skills are necessary for any quest be it
academic or business. The importance of mathematics is also highlighted by National Council of
Teachers of Mathematics (2003) that “those who understand and can do mathematics will have
significantly enhanced opportunities and options for shaping their future” (p. 5). Every student must
study mathematics during the educational process for their personal development and achievement in
today’s technological and progressing world. The mastery of mathematics is a key literacy component
that influences children’s success in education and in future society (Engle, Grantham-McGregor,
Black, Walker & Wachs, 2007). Asiedu-Addo and Yidana (2000) asserted that mathematics builds
individual’s reasoning and problem-solving abilities, and also develops his/her personal qualities which
includeconfidence, diligence, perseverance and cooperation.

Secondary school mathematics is designed to help students in working out solutions to problems with
accuracy, precision and speed both academic and functional life situation. The core mathematics
syllabus at Senior High School (SHS) level in Ghana, is made up of the following content domains:
Numbers and Numeration, Plane Geometry, Algebra, Vectors and Transformation in a Plane, Statistics

and Probability, Trigonometry and Mensuration (Ministry of Education, 2010). Geometry, which is the
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main focus of this study places emphasis on circle theorems. Geometry is a branchof mathematics that
provides a rich source of visualization for understanding arithmetic, algebraic, and statistical concepts
(Drickey, 2001). As such, the teaching and learning of geometry is very essential in everyday life since
it provides a more complete appreciation of the world, we live in. The reason being that it appears
naturally in the structure of the solar system, in geological formation of some rocks and crystals, in
plants and flowers, and even in animals (Lie & Hafizah, 2008). Circle theorems is considered as a very
important aspect of geometry. Its applicationis seen in ship navigation. Due to the usefulness of
geometry in everyday life, it is not surprising that most international examinations always have some
aspect of it. Examples of these examinations are the Trends in International Mathematics and Science
Study (TIMSS), West African Senior School Certificate Examination (WASSCE), etc.

Students showed high level of difficulty in identifying angles subtended at the centre and at the
circumference by an arc. Moreover, in questions relating to angles subtended by a diameter at the
circumference majority of the students encountered difficulties in the area of recognizing the theorem
to be used as well as writing the correct mathematical statements. How well students retain taught
circle theorems concept can be traced back to the teachers’ teaching approach used in class.
Furthermore, there is empirical evidence that many students in Ghana face difficulties in solving
questions involving geometry concepts (Baffoe & Mereku, 2010). This suggests that SHS students find
geometry concepts difficult and mathematics teachers are faced with the challenge of how to present
geometry concepts to students to promote conceptual understanding.

As a result, the methods of teaching mathematics should be of great importance to mathematics
educators. Generally, teaching requires that, the teacher creates an environment in which students are
active leaners. Teachingalso requires that the teacher integrates a range of assessment methods into
their instruction to enhance students understanding (National Board for Professional Teaching
Standards, 2009). Understanding mathematics means being able to justify procedures used or state why
the process works. In other words, real understanding of mathematics concept is achieved when it is
taught through proofs (Wiggins, 2016). Unfortunately, mathematics teachers in sub-Saharan Africa use
the traditional method of teaching in their lessons where concepts are taught by giving a set of rules to
students to be followed without the students knowing how those concepts came about (Akyeampong,
Lussier, Pryor & Westbrook, 2013). According to Wood and Gentile (2003), educators are beginning to
recognize that there are better ways to learn other than through the traditional methods. The traditional
method of teaching, is passive rather than active. Students are made to act as spectators rather than
partakers in the learning process. Also, the traditional method of teaching does not enhance critical
thinking and collaborative problem-solving since “chew and pour” is the order of the day. Students
should be exposed to skills in creating their own knowledge in order to enhance understanding of
mathematical concepts rather than providing them with a set of rules without understanding. In order
for the students to think mathematically, students should be exposed to various strategies of problem

solving. One of such strategies is inquire-based teaching approach. Inquiry-based teaching approach is
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a method of teaching in which teachers allow students to learn through investigations and discovery.
According to Spronken-Smith (2007), inquiry-based learning is a pedagogy which enables students
experience the processes of knowledge creation and the key attribute is learning stimulated by an
inquiry is student centred, a more to self-directed learning and an active approach to learning. Similarly,
Friesen and Scott (2013) also defined inquiry-based learning as anapproach to teaching and learning
that places student’s questions, ideas and observations at the center of the learning experience.
According to Minner, Levy, and Century (2010), inquiry-based teaching strategy actively engage
students in the learning process through scientific investigations which increase conceptual
understanding. There is a positive impact in the student learning outcome when an inquiry-based
learning method is used instead of traditional lecture-based learning (Minner, Levy & Century, 2010).
With inquiry learning, students engage in learning by drawing upon their prior knowledge and
experiences. Inquiry learning uses the student’s prior knowledge as a building block to integrate new
understandings with prior learning (Lemlech, 1998). Learning has more meaning for students as it
becomes a more relevant part of their lives and they begin to better understand the world around them.
Inquiry-based learning involves students’ in explorations, theory building, and experimentation. It
encourages active thinking and seeking rather than rote memorization. As stated by Baker et al. (2008),
in our view, encouraging students’ problem solving and creative thinking is far better than testing their
ability to memorize. The goal [of inquiry learning] is to help students develop skills that enable them to
construct vital concepts and challenge their ingrained misconceptions.

Inquiry learning is a student-centred approach that allows students to have more control over their
process of knowledge-getting. Consequently, studentsare motivated by inquiry learning. Not only
because students are actively involved in the process but because the expectation of finding the answer
motivates the search for it as confirmed by Slavin (2006) that it arouses students’ curiosities and
motivates students to continue to seek until they find answers. Inquiry-based learning develops
independent problem-solving and critical-thinking skills in students, which is a benefit for both
students and teachers. Lemlech (1998) stated that the goal of inquiry learning should be to challenge
the student to engage in activity that requires higher level thinking and reflective processes.
Inquiry-based learning also emphasizes students’ understanding concepts rather than acquiring skills.
Inquiry-based learning encourages teachers to move away from the tradition in which knowledge is
viewedas discrete, hierarchical, sequential, and fixed and toward an environment in which knowledge
is viewed as an individual construction created by the learner (Draper, 2002). Inquiry-based learning
offers students opportunities to discover knowledge by themselves (Longo, 2010). Students are allowed
to discuss their own perspectives, reflect on the process of exploration, and explain their choices
(Michalopoulou, 2014).
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1.1 Statement of the Problem

In discharging our duties in the classroom as mathematics teachers, we often encounter a lot of
problems faced by learners. These problems sometimes discourage students in their learning of
mathematics and eventually cause their failure in the subject. This came to light as a result of students
showing fewer interest in circle theorems lessons leading to scoring low marks on circle theorems.
Students showed high level of difficulty in identifying angles subtended at the centre and at the
circumference by an arc, the relationship between the angles between the tangent and cord at the point
of contact and angle in the alternate segment and the relationship between opposite angles of a cyclic
quadrilateral. Moreover, questions relating to angles subtended by a diameter at the circumference and
properties of parallel lines majority of the students encountered difficulties in the area of recognizing
the theorem to be used as well as writing the correct mathematical statements (see Appendix A).

Based on information gathered by the researcher, Teachers in the district still use traditional or teacher
centred method to teach circle theorems. Traditional or teacher centred method makes students passive,
act as spectators in the learning process, does not enhance critical thinking and collaborative
problem-solving. In order for students to perform better in circle theorems, teachers should use student
centred method such as inquiry-based teaching approach. In inquiry-based teaching approach, teachers
allow students to learn through investigations and discovery, develops independent problem-solving
and critical-thinking skills and emphasizes on students’ understanding concepts. This study therefore,
sought to investigate the effectiveness of inquiry-based teaching approach in circle theorem in senior
high schools in Asutifi North District in Ahafo Region in Ghana.

1.2 Purpose of the Study

The purpose of the study was to investigate the effect of inquiry-based teaching approach on Senior
High Schools (SHS) students’ achievement in circle theorems inthe Asutifi North District of Ghana.
1.3 Research Questions

The study was guided by the following research questions:

1) what are the causes of poor performance of students’ in circle theorems?

2) what is the effect of using inquiry-based teaching approach on students’achievement in circle
theorems?

1.4 Definition of Terms

In the context of this study, the following definitions of terms have been used basedon the objectives,
scope, limitations and delimitations of the study.

Circle Theorems: it is one of the geometry topics in senior high school syllabus. It is known as plane
geometry I1. It can be found in unit 2.10 in 2010 core mathematics teaching syllabus.

Students’ Achievement: Student achievement refers to the amount of academiccontent learned by a
student within a specified amount of time. The achievement can be measured using various assessment

tools such as achievement tests, observation or interview.
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Traditional Method of Teaching: For the purpose of this study, the traditionalmethod of teaching
mathematics is defined as the process by which mathematics teachers explain concepts to students by

using board illustrations and then follow the explanations up with examples from textbooks.

2. Theoretical Framework

This study is anchored on constructivist theory. Constructivism is a theory about how we learn. It also
suggests that children must be active participants in the development of their own understanding.
Constructivist designers view instruction as “a process of supporting [knowledge] construction rather
than communicating knowledge” (Cunningham & Duffy, 1996). The constructivist classroom is an
environment where learners actively inquire and originate new knowledge and ideas through engaged
dialogue, interaction, presentation, sharing, and negotiation. In this setup, teachers’ role is to guide and
moderate the discussion rather than passively passing information to the learners. Constructivist
teachers provide direction to the learners by engaging them in inquiry activities and by stimulating
student centered active discussion and knowledge sharing, i.e., promoting active learning in a social
setup where learners construct new knowledge according to their prior knowledge, social realities,
peers’ perspectives, and new findings (Bruner, 1986). Again, constructivist teaching, emphasize that
children have to build their own scientific knowledge and understanding. At each step-in science
learning, they need to interpret new knowledgein the context of what they already understand. Rather
than putting formed knowledge into children’s minds, in the constructivist approach, teachers help
children construct scientifically valid interpretations of the world and guide them in altering their
scientific misconceptions (Martins, Sexton, Franklin & Gerlovich, 2005).

In constructivism, collaboration is emphasized (Adler, 1997) and this is in line with inquiry-based
classroom which allows learners to collaboratively engage in decision making regarding the solution to
a problem at hand with learners not losing their autonomy and control. In inquiry-based teaching
approach, students experience the processes of knowledge creation and the key attribute is learning
stimulated by an inquiry a student-centered approach, a more to self-directed learning and an active
approach to learning (Spronken-Smith, 2007). The teacher’s role in a constructivist classroom is to
prompt and facilitate discussion, and to guide students by asking questions that will lead them to
develop their own conclusions on a subject. If inquiry-based teaching approach is based on the belief
that knowledge is generated through the process of students working and conversing together to tackle
real-life problems and makes discoveries, then constructivism and inquiry-based teachingapproach are
perfect match.

2.1 Causes of Poor Performance of Students in Geometry and Circle Theorems

A number of factors have been put forward to explain why students perform poorly in geometry and
circle. Findings made by Noraini (2006); Aysen (2012) have shown thatsome factors are identified to
make the learning of geometry concepts in mathematics difficult which include: teachers” methods of

instruction, geometric language, visualizing abilities. Fabiyi (2017) found out that the reasons given by
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students for perceiving geometry concepts difficult includes: unavailability of instructional materials,
teachers’ method of instruction and so on.

The quality of instruction is one of the greatest influences on the students’ acquisition of geometry
knowledge in Mathematics classes. According to Akyeampong, Lussier, Pryor, and Westbrook (2013),
mathematics teachers in sub-Saharan Africa use the traditional method of teaching in their lessons
where concepts are taught by giving a set of rules to students to be followed without the students
knowing how thoseconcepts came about. Traditional approaches in learning geometry emphasize
moreon how much the students can remember and less on how well the students can think and reason.
Thus, learning becomes forced and seldom brings satisfaction to the students (Baffoe & Mereku, 2010).
The problem with traditional instruction is the concept of rote learning. Marshal (2006) took the
definition of “rote” from the OxfordEnglish Dictionary as, a mechanical manner, by routine; especially
by the mereexercise of memory without a proper understanding of, or reflection upon, the matter in
question. Through traditional mathematics instruction, children are expected to use a mathematical
concept before they have been able to experience it primarily focusingon how the teacher told them
how to use it. This style of teaching is what Battista (2009) as cited by Marshal (2006) described as
ineffective and seriously stunts the growth of students’ reasoning and problem-solving skills.

2.2 Concept of Inquiry-Based Teaching Approach

Inquiry-based learning is a pedagogy which enables students experience the processesof knowledge
creation and a more to self-directed learning and an active approach to learning (Spronken-Smith,
2007). Inquiry-based learning can also be defined as an approach to teaching and learning that places
students’ questions, ideas and observations at the centre of the learning experience (Friesen & Scott,
2013).

There are forms of inquiry that are commonly used in inquiry-based instruction. They are confirmation
inquiry, structured inquiry, guided inquiry, and open inquiry (Pappas, 2014). The first level of inquiry
is confirmation inquiry in which students are provided with the question and method as well as the
results, which are known in advance (Pappas, 2014). The second level of inquiry learning is structured
learning where the students are introduced to the experience of conducting investigations or practicing
specific inquiry skills like those of collecting and analyzing data (Banchi & Bell, 2008). This is where
the teacher mainly directs the inquiry by providing questions to be investigated and will then provide a
step-by-step instruction to help students arrive at the answer. This kind of inquiry is important
because it enables students to gradually develop their ability to conduct more open-ended inquiry. It
is also good level to start for teachers who are new to inquiry-based teaching method (Banchi & Bell,
2008). The third level of inquiry is guided inquiry. It is the inquiry level where the question and
procedure are provided by the teacher; however, the students arrive at an explanation supported by
their investigations (Pappas, 2014). Here the teacher chooses the question and the students will take
more responsibility for establishing the direction and methods of the inquiry. The teacher plays an

important role in guided inquiry. This could be through feedbacks or posing further questions to help
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lead the students in the right direction (Banchi & Bell, 2008). The final level of inquiry learning is open
inquiry. In free inquiry, students form their own questions, design their own methods of investigation,
and carry out the inquiry process without guidance from the teacher (Pappas, 2014). In open inquiry,
students take the lead in establishing the question and methods while the teacher takes on a supportive
role. Having students to ask questions is key to open inquiry and requires a high order thinking.
However, it is possible to use a combination of the types mentioned and it is called the coupled inquiry
(Banchi & Bell, 2008).

The inquiry teaching style establishes itself as different from other constructivist guided approaches in
the sense that it is not a minimally guided learning environment and that direct instruction can be used
in the context of inquiry teaching and learning. Proper inquiry teaching approach requires that teachers
carefully scaffold their students as they challenge them with new mathematical material (Hmelo-Silver
et al., 2007). Once students are challenged, they are expected to engage in creating conjectures,
analysing conjectures, communicating, working collaboratively, and engaging in mathematical
argument (Stonewater, 2005).

2.3 Effect of Inquiry-Based Teaching Approach on Students’ Achievement

For teachers to have a proper understanding of students’ mathematical knowledge andknow-how, there
must be tangible ways teachers can gain insight into their students’ thought processes. Inquiry-based
mathematics approach does just that (Ferguson, 2010). The teacher’s role has evolved from concept
deliverer to concept facilitator where questions are posed to get students thinking and experiencing the
mathematical concepts at hand. Students are encouraged to “show what they mean” and “explain” their
thinking either orally or in written form (Ferguson, 2010).

According to Ferguson (2010) the inquiry-based teaching approach has a positive effect on the
mathematics achievement of students. In Ferguson (2010) study, two high school geometry classes
were taught area formulation using a traditional lecture-based approach to instruction. A third geometry
class was taught area formulation utilizing inquiry-based instructional methods. Students in both
groups took both a pre-test and post-test. At the end of the exercise, Students involved in the
inquiry-based lessons exhibited better retention, a better ability to problem solve, and better
performance on decontextualized mathematical problems than their peers who were taught in the
traditional fashion. He stated that, the inquiry-based mathematics instruction improves students’
mathematics achievement. He therefore recommended that teachers of mathematics should apply the
inquiry-based teaching and learning approach in both at the junior levels through to the tertiary levels.
A quasi-experimental study carried out by Riordan and Noyce (2001) compared two inquiry-based
mathematics programmes; an elementary programme called Everyday Mathematics and a middle
school programme entitled Connected Mathematics. The study compared state-wide standardized test
scores for students using these curriculums to demographically similar students using a mix of
traditional instruction methods. The results of this study showed that students in schools using either

ofthese inquiry-based programmes as their primary mathematics curriculum performed significantly
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better on the 1999 state-wide mathematics test than did students in traditional programmes.
Similarly, Al-Qurashi (2002) conducted research on examining inquiry-based instruction in
mathematics. Teachers were trained in professional development sessions and participated in an
inquiry-based instruction project. He used videotapes, lesson plans of the participants, observations,
and interviews to explore the implementation of inquiry-based instruction. Using the Engage, Explore,
Explain, Elaborate and Evaluate inquiry-based design (5 E inquiry-based design), he developeda rubric
to evaluate lessons. He concluded that inquiry-based instruction promoted student achievement.

2.4 Summary of Review

Findings from the review suggested that most students learn best when given problems to solve and
that such problem-based learning improves retention and ownership of geometry (circle theorems)
(Goos, 2004; Stonewater, 2005; Hmelo- Silver, Duncan & Chinn, 2007). Through the analysis of
literature on inquiry-based approach it seems feasible that one could create a more optimal learning
environment for most students. Few articles are dedicated to the detriments of inquiry instruction
however, Lampert (1990) did indicate that not all students participate in inquiry environments. In
particular, some students may not wish to participate in classroom discussions. Though there are
concerns regarding inquiry-based instructional methods they are not severe enough that we should
ignore the possible benefits of such an approach. In light of the current state of mathematics education,
and the consideration that in current practice not all students are engaged in the learning processes, the
inquiry-learning approach needed to be investigated. The possible benefits to students and mathematics
education warrant a movement towards constructivist-based instruction and inquiry-based learning

opportunities.

3. Method

3.1 Research Design

Mixed methods design was used for the study since both quantitative and qualitative data set was
collected. Mixed methods design is based on the premise that a singledata set is not sufficient to
answer all the research questions which are different in nature (Creswell, 2012). Not all, mixed method
approach holds greater potential to address complex questions by acknowledging the dynamic
interconnections that traditional research methods have not adequately addressed (Hesse-Biber, 2010).
The use of the quantitative approach enables the researcher to use the students’ test data to ascertain if
there was any positive or negative influenced of inquiry-based teaching approach on students’
achievement in circle theory. This was done by the useof independent and dependent t-tests to test for
statistical significance in the differences in pre and post test scores of the students. The qualitative
approach on the other hand, allow the use of semi-structured interview data to get an in-depth
knowledge of causes of poor performance of students in circle theory from students’ and mathematics
teachers’ perspective. Qualitative approach also enables the researcher to use observation data

collected from mathematics teachers on challenges associated with inquiry-based teaching approach in
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teaching circle theorem classroom.

Mixed method was used to collect different and complementary data on the same topic for
integration and interpretation to address the overall content aim of the study (Creswell & Clark, 2011).
This method is justified on the basis that the researcher collected both quantitative and qualitative data
within the study period to address the aim of this study. The reason for combining both quantitative and
qualitative data wasto bring together the strengths of both forms of data for this research work and
better understanding of the results (Cohen, Manion & Morrison, 2007; Creswell, 2009).

3.2 Population

Field (2013) described population as an entire collection of things. Also, Nworgu (2006) classifies
population as target and accessible where target population is all the members of a specific group to
which the investigation is related while the accessible population is defined in terms of those elements
in the group within the reach of the researcher. The target population for the study was all the
third-year students and mathematics teachers in the public senior high schools in Asutifi North District
in Ahafo Region of Ghana. There are two public senior high schools in the district with a total
population of 657 students in third-year and 23 mathematics teachers these schools.

3.3 Sample and Sampling Technique

A sample according to Gerrish and Lacey (2010), is a subset of a target population, normally defined
by the sampling process. The sample for the study consists of 105 students and 6 mathematics
teachers selected from the two Senior High Schools in the District. Considering the purpose and the
design of the study, the researcher employed simple random and convenience sampling techniques to
select the sample from the population. Simple random sampling is a process of selecting a sample from
a population in a way that every different possible sample of the desired size has the same chance of
being selected (Devore, 2005). On the other hand, a convenience sampling is a type of non-probability
sampling where members of target population that meet certain practical criteria such as easy
accessibity, geographical proximity, availability at a given time, or the willingness to participate are
included for the purpose of the study (Dornyei, 2007). Simple random sampling technique was use to
select 105 students for the study. Simple random sampling was use to select two intactclasses, one from
each school. This technique was used to avoid bias in selecting the classes. School “A” have seven
classes for the programmes of General Arts, General Science and Home Economics and School “B”
also have eight classes for the programmes of General Arts, General Science, Home Economics and
Visual Arts. These classes were also coded according to each selected school. The coded numbers were
also keyed into the random number generated calculator to select the classes to be used for this study.
For school “A”, 3F1 (3 General Arts 1) class was selected, the number students in 3F1 class was 53 and
for school “B”, 3E1A (3 Home economics, 2) class was selected with a total number of 52 students.
Final year students were selected because they treated circle theorems in form 2 so they are the right
studentsto provide vivid responses about their perception on circle theorems. Convenience sampling

technique was used to select 6 mathematics teachers and 10 students to collect interview data from each
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group (control and experimental) school. The selection of both the mathematics teachers and students
was done based on their availability and willingness to participate in the study at the time the interview
was conducted.

3.4 Research Instruments

Based on the nature of the research questions examined in the study, Circle Theorems Achievement
Test (pre-test and post-test), semi-structured interview and observation were the main instruments used
to collect data for this study. The Circle Theorems Achievement Test (pre-test and post-test) was used
to collect quantitative data while semi-structured interview and observation were also used to collect
qualitative data.

3.5 Circle Theorems Achievement Test (CTAT)

Circle Theorems Achievement Test was used as an instrument in collecting quantitative data to assess
the effectiveness of the experiment on the experimental group. The researcher administered two tests
(i.e., pre-test and post-test). These items were developed by the researcher based on the research
questions and theoretical perspective. The content of the test items was taken from a Government
approved students’ textbooks that are commonly used in teaching geometry in all Senior High Schools
(SHSs) in Ghana and all the items aligned with the objectives from the core mathematics teaching
syllabus for SHSs in Ghana.

The pre-test consisted of 10 major items (see Appendix B). The pre-test was intended to measure
students’ level of attainment in the concept before treatment. It also helpedto unveil students’ areas of
difficulty in the concept in order to design a treatment that would best suit their level of attainment. The
post-test contained the same number of items as the pre-test. The difficulty level of the post-test was
similar to the pre-test. However, the items in the post-test were different from those in the pre-test (see
Appendix C). According to Creswell (2012), using different test items on pre-test and post-test of a test
instrument eliminates biasness from the scores. The post-test was intended to measure participants’
attainment in circle theorem after the treatment has been implemented. Pre-test and post-test were
administered to all the 105 students selected for the study, in both experimental group (52 students) and
control group (53 students). The scores of both pre and post-tests was used to answer research question
2.

3.6 Semi-structured Interview

Semi-structured interviews have the advantage of generating qualitative data through the use of
open-ended questions which allow the participants have in-depth conversation with the interviewer,
choosing their own words. Such interviews have increased validity because it gives the interviewer the
opportunity to probe for a deeper understanding, ask for clarification and allow the interviewee to steer
the direction of the interview (McLeod, 2014). The researcher therefore used semi- structured interview
to seek both students’ and teachers’ in-depth knowledge on the causes of poor performance of students

in circle theorems.

11
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/fce Frontiers of Contemporary Education \ol. 3, No. 3, 2022

The students’ semi-structured interview guide contains 2 items, the first item with 1 sub-item which
was developed by the researcher and it was administered to 10 conveniently selected students. 5
students from the experimental group and other 5 students from the control groups after the post-test
(see Appendix D). The mathematics teachers’ semi-structured interview guide also contains 2 items,
the first item with 1 sub-item which was developed by the researcher and it was administered to 6
conveniently selected mathematic teachers. 3 mathematics teachers from each experimental and control
group’s school (see Appendix E). The interview was used to answer research question 1.

3.7 Observation

Observation is a systematic data collection approach in which the researchers use all their senses to
examine people in natural setting or naturally occurring situations (Cohen & Crabtree, 2006). Two
mathematics teachers were conveniently selected as observers for the study. The observers were
always present in the experimental group class during the intervention period. The observers were
directly observing the implementation of the intervention in each period and taking notes quietly on
the challenges associate with the inquiry-based teaching approach in the classroom without interfering
with the lessons based on the observation guide (see Appendix F). Observations made based on the
observation guide was used to answer research question three.

3.8 Reliability

William (2006), was of the view that reliability is the consistency or dependability of the measurement;
or the extent to which an instrument measures the same way each time it is used under the same
condition with the same subjects. Moreover, Creswell and Clark (2017) stated that reliability implies
scores received from participantsshould be consistent and stable over time when the instrument is
repeatedly administered. Test-retest is one of the ways to conduct reliability test. Test-retest approach
was employed by the researcher to examine the reliability of the CTAT in this study. According to
Creswell (2012), the test-retest approach of measuring reliability involves administering the same test
at two different times to the same participants at a considerable time interval. In this study, the
researcher administered CTAT to one of the form 2 science class, 2A1 students of the control group
school and after a month re-administered them to the same students again. The results were used for
modification of instruments. The modified and improved instruments were then used in this study. The
data collected was used to determine the reliability of the instruments. The correlation co-efficient of
reliability of CTAT was calculated using Karl Pearson’s co-efficient of correlation testing in SPSS. The
correlation coefficients of reliability of CTAT was 0.82. The reliability coefficient was greater than
0.5, therefore, the CTAT was reliable for having high degrees of reliability and could help in achieving
research objective for this study.

3.9 Validity

According to Field (2013), validity basically means measuring what you think you aremeasuring. Field
(2013) stated that content validity was really the degree to which an item can be considered as a

representative and Cohen, Manion and Morrison (2007) asserted that content validity is concern with
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how an instrument fairly and comprehensively covers the domains or items that it purports to cover as
the face validity is where superficially the test appears at face value to test what it is designed to test.
To attain content and face validity of the instruments, the researcher gave the instruments (interview
guide, circle theorems achievement test and observation guide)to his Supervisor to examine after which
all remarks, corrections and comments were made.

3.10 Data Collection Procedure

The researcher visited the sample selected Senior High Schools and discuss thepurpose of the study
with the headmasters, and also seek their permission to carry out all exercises of the study that had to
do with data collection and intervention.

3.11 Pre-intervention Stage

The researcher after seeking permission to carry out all exercises of the study in the selected sample
schools and had the approval, went on and collected his first data on the schedule date. The circle
theorems achievement test that is pre-test was administered to students in both schools on the same day.
The researcher collected students work for marking (see Appendix H) and analysis of scores. Four days
after the pre-test, researcher met the control and experimental group separately and explain the purpose
of the interview to them. The researcher then granted one-on-one interviews to 10 students and 6
mathematics teachers selected from both the experimental and control groups, 5 students and 3 teachers
from each group. Each interview took a minimum duration of 10 minutes and a maximum duration of
15 minutes. The researcher audiotaped the questions and responses of the interviews. The researcher
used a total of two days to conduct the interviews.

3.11.1 Intervention

Lesson design

One of the goals of this study was to teach the same concept in two different ways using traditional,
lecture-based instruction with the control group, and inquiry-based instructional methods with the
experimental group. These lessons were to be taught over the same timeframe. The control group
lessons were taught using the traditional approach described by Stonewater (2005) and Goos (2004)
which involved reviewing the homework assignment from the previous day, followed by a presentation
of new material, and concluded with a homework assignment. New material was presented using
lecture-based instruction that included examples of problems that they would see in their homework,
and the formulas required to solve these problems. Parts necessary for substitution into circle theorem
formulas were highlighted, and examples included the various theorems. Experimental group lessons
were inquiry-based and had specific objectives for each day to keep the experimental group on pace
with the control group. Students in the experimental group solved the same type of circle theorem
problems but were taught in a very different manner than the control group. Lessons were specifically
designed practically to meet the criteria of inquiry-based learning environments and are included in

Appendix G.
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The inquiry lessons were facilitated through individual work and group work with the expectation that
students would work with their group members to develop methods for solving problems related to
circle theorem. As the instructor, | closely monitored the process of individuals and groups, and
required all participants to give justification for their methods. I carefully designed the lessons to allow
students to move from more simple environments for formulation into more complex problems that
required usage of a developed method for solving circle theorem problems. Asthe class progressed
into considering more complex theorems, students were expectedto draw on previous explorations to
find solution to new problems. The lessons were designed to engage students in developing their own
strategies for addressing problems on circle theorem, fitting with basic constructivist learning
principles. At theend of each lesson, students were provided a problem set to take home and complete
using their newly developed method. These problem sets were short (consisting oftwo to four problems)
and only served to solidify developed understandings.

3.11.2 Procedure

At the beginning of the study, all members of the control group and the experimental group took a
pre-test. The purpose of the pre-test was to measure students’ prior knowledge about geometry and
circle theorems problems. Data from the controlgroup was compared with the experimental group
using a t-test. Differences were noted and included in the final comparison of the two classes. Once
the pre-test was completed, the differing lessons began. I, the researcher instructed the experimental
class while a different mathematics teacher of the same experience took the class that represented the
control group. Both of us were teaching the topic based on the lesson’s objectives but different
approaches.

The inquiry-based lessons were taught over a three weeks periods. Students were encouraged to discuss
the circle theorems and develop methods through this discourse. Students’ desks were arranged in
groups of two or three to encourage group discussion. The researcher served as a facilitator of the
discussion and guided the direction of the discourse in a way that helped students recognize the
meaningful relationships underlying their mathematical tasks. This included small segments of direct
instruction as well as extended periods monitoring students’ progress as individual groups developed
approaches. Researcher closely monitored individual groups’ progress, aiding them in recognizing any
noticeable misconceptions through question posing. Though direct instruction was sometimes used, it
was never the primary method of instruction, and every class period began with student investigations
and discussions of the circle theorems. Students were expected todefend their ideas in circle theorems
to their groups as well as to the entire class, to support their abilities to explain circle theorems ideas.
Students were not required to take formal notes. Instead, the hands-on materials and hand-outs that
students received during lessons became their resource for future use. Daily lessons concluded with
short take-home assignments to assess the students’ developing understanding of the circle theorems.
The control group was taught using the government textbook for the selected school district. Their

lessons followed those from the selected text and were supplemented with worksheets that are
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generally used in geometry classes to highlight specific concepts of circle theorems. Students were
taught the formulas in circle theorems and were expected to use those formulas on a variety of
problems, including problems that do not give all necessary information. All instruction was
lecture-based and examples were provided to guide the students in using the circle theorems rules.
Students were also shown the reasoning behind the formulations. Students were expected to participate
in the lecture by answering questions and by taking formal notes, which were assessed for
completeness at the end of the unit. To encourage participation and focus on the instructor throughout
the class period, students’ desks were placed in rows facing forward. Once instruction was completed,
students were given an assignment out of the book and a small amount of class time to begin work so
thatthey could ask questions if necessary. Work not completed during this time should have been taken
home by the student for completion and inspect it next period. Students should have felt comfortable
with this progression through the material, as this instructional approach had already been established
throughout the school year.

Throughout the course of the study the researcher maintained a journal in which student behaviours
within the experimental classrooms were documented, as well as the researcher’s own reflections on
what went well during the instructional periods. Researcher recorded examples of student
conversations and strategies as they attempted onto use ideals of circle theorems they were learning.
Through careful observation, researcher hoped to discover if the method of instruction impacted on the
students’ willingness to attack difficult problems on their own. Researcher was also trying to determine
if the students in the experimental group adapted and took responsibility for their learning. When
differences developed in their approaches to the mathematics and problem-solving approaches, then
the researcher attempted to generalize these differences and included them in his observational data.
Researcher also tried to find whether the experimental-group students performed better when
confronted with a real-life situation involving circle theorem and circle geometry in general, observing
whether they had a better-established ability to convey meaning and understanding through
mathematical discourse to others. All of this information was important in determining the overall
success of the instructional approach.

3.11.3 Post-intervention Stage

At the end of the three weeks intervention period, both groups of students were givena post-test. The
post-test contained similar items as the pre-test. The post-test also contained a section of problems that
required students to apply their problem-solving abilities. Such problems required more analysis on the
part of the students and a betterunderstanding of the circle theorems relationships that exist among
circle geometry and geometry as a whole. Students’ post-test scripts were marked (see Appendix H)
and analyzed the scores.

3.12 Data Analysis Procedure

The data obtained through the pre-test and post-test, semi-structured interview and observation guide

were organized and summarized to obtain sense of information and to reflect on its overall meaning.
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The data was analyzed quantitatively (descriptive and inferential data analysis) and qualitatively
(descriptive words). The descriptive statistics such as measure of central tendencies and dispersion
were used. According to Creswell (2012), descriptive statistics basically helps researchers to
summarize the overall trends or tendencies in quantitative data, provides an understanding of the
variability of the data and provides understanding of how one score compares with another. Thus,
descriptive statistical analysis was used in an attempt to understand, interpret and describe the scores of
experimental and control groups from the CTAT.

The inferential statistics, paired sample t-test and independent samples t-test were run to compare for
any significant difference in the mean scores of the experimental and control groups at 95% confidence
level was used to an to answer research question 1 quantitatively. Qualitative data generated from
interviews and observations were used to answer research question 1 and 3 respectively. Recorded data
generated from the one-on-one interviews were analyzed using thematic analysis. That is recorded
audio from the interviews granted to participants were transcribed and analyzed based onthe topical
areas contained in the interview guides. The researcher reported all events that emanated from the
interviews by describing and interpreting the outcomes after reading the transcribed interview. The
observations made by the mathematics teacherswere also compiled.

3.13 Ethical Consideration

The study participants were kept anonymous. All the participants were treated with respect. The
researcher explained the purpose of the sturdy and their rights such as withdrawal from participation if

they want to do so, without being compelled to give an explanation.

4. Results and Discussions

4.1 Demographic Information of the Participants

The demographic information of students was described in detail in the following two tables. Table 1
presents the demographic background of the students according to their gender and Table 2 deals with
their age group. This was necessary in order to understand the researcher’s informants used for the
study. A total of 105 final year students of the two senior high schools in the district participated in this
study. This was made up of 29 males, representing 28% and 76 females, representing 72%. Oneof the
two schools used for the study was mixed whilst the other was single sex (female) school. This
contributed to the lower number of males as compared to the higher number of females. However,

gender have no effect on the results of this study. This distribution is presented in Table 1.
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Table 1. Gender Status of the Students

School Class Total number Male Female
A 3F1 53 29 (55%) 24 (45 %)
B 3E1A 52 0(0%) 52 (100 %)

Total 105 29 (28%) 76 (72 %)

Source: Field data, 2020.

Table 2 shows the age distribution of the students. From Table 2, majority 77(73%)of the students
were between 17-19 years, followed by 20(19%) of them were 20-22 years and only 8(8%) of them
were between the ages of 14-16 years. This means that none of them was below 14 years and also
above 22 years. Majority of the students are matured enough to give correct responses needed for the
study.
4.2 Findings
The findings have been categorized and presented in three main themes in accordance with the research
questions. These were the causes of poor performance of students in circle theorem, the effects of the
inquiry-based teaching approach on students’ achievement in circle theorems and challenges of
inquiry-based teaching approach in teaching circle theorems.
4.2.1 Research Question 1
What are the causes of poor performance of students’ in circle theorems?
Research question 1 sought to find out the causes of poor performance of students in circle theorem. In
answering this research question, semi-structured interview was granted to 10 students and 6
mathematics teachers conveniently selected from both experimental and control schools.
The students’ interview data were presented as follows.
Interviewer: Do you score high marks in circle theorems exercise?
Interviewee 1: Hmmm, sir please no. | always score low marks. In fact myperformance is
not good in that topic.
Interviewer: what are the causes of your low (poor) performance in circle theoremsexercise?
Interviewee 1: The way my teacher taught me, | did not understand it at all. The topicitself
is something complex for me.
Interviewer: How does your mathematics teacher teach circle theorems in your class?
Interviewee 1. When the teacher was teaching us this topic, He allow us to write the
properties or rules one by one as he was dictating. He then solve one example oneach
properties and ask us to solve some from the textbook as class exercise. In fact |1was
confused about these properties. I didn’t get anything that he taught us.
Interviewer: what do you suggest should be done in order to improve on yourperformance
in the topic?
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Interviewee 1: | suggest my teacher should take his time and teach us well, so that Ican
also understand it well.

Interviewer: Do you score high marks in circle theorems exercise?

Interviewee 2: No, | always score no or low marks in circle theorem exercise. | even don 't
answer questions involving circle theorem in end of semester since | may score no or low
marks.

Interviewer: what are the causes of your low (poor) performance in circle theorems
exercise?

Interviewee 2: | find it difficult to apply more than two rules or properties to solve question.
The rules or the properties are confusing to learn and understand and this makes it
challenging to me.

Interviewer: what do you suggest should be done in order to improve on your performance

in the topic?

Interviewee 2: | think my teacher should help me to know how to use more than two
properties to solve problem.

Interviewer: Do you score high marks in circle theorems exercise?

Interviewee 3: No. | find it difficult to score high marks.

Interviewer: what are the causes of your low (poor) performance in circle theoremsexercise?
Interviewee 3: | have idea or mind-set that circle theorems are complicated and difficult so

I don’t like solving problems on it. | know | will not select questions on the topic even in
WASSCE. Thus why | score low marks.

Interviewer: what do you suggest should be done in order to improve on your performance

in the topic?

Interviewee 3: | think teachers should help me to change my mind-set that circle theorems
are complicated and difficult so | may like to solve more problems on it.

Interviewer: Do you score high marks in circle theorems exercise?

Interviewee 4: No, please sir.

Interviewer: what are the causes of your low (poor) performance in circle theoremsexercise?
Interviewee 4: My teacher did not teach me well to understand. He do not know howto go
about it. He made it difficult and totally confused me on the topic.

Interviewer: what do you suggest should be done in order to improve on yourperformance

in the topic?

Interviewee 4: | suggest my teacher should have patience with those of us, slowlearners to
understand the topic since he always move with the fast learners in class. Interviewer: Do you
score high marks in circle theorems exercise?

Interviewee 5: No Sir, | score very low marks.

Interviewer: what are the causes of your low (poor) performance in circle theorems
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exercise?

Interviewee 5: | have difficulties to transfer knowledge on triangle and parallel lines
properties in circle theorems and also | find it difficult to solve problems involvingtwo or
more properties.

Interviewer: what do you suggest should be done in order to improve on your performance

in the topic?

Interviewee 5: | suggest teachers should teach me triangle and parallel lines properties
well then followed by circle theorems so that | can easily transfer knowledge. And also
teachers should help us to solve problems involving two or more properties.

Interviewer: Do you score high marks in circle theorems exercise?

Interviewee 6: No Sir,

Interviewer: what are the causes of your low (poor) performance in circle theoremsexercise?
Interviewee 6: The topic is too difficult for me, | don’t get the understanding. /¢’sconfusing.
Interviewer: what do you suggest should be done in order to improve on you performance
in the topic?

Interviewee 6: My teacher should make it easy for me by teaching it again.

Interviewer: Do you score high marks in circle theorems exercise?

Interviewee 7: No please sir,

Interviewer: what are the causes of your low (poor) performance in circle theoremsexercise?
Interviewee 7: The way my teacher taught me, I did not understand it. He was movingvery fast
making everything difficult and confusing.

Interviewer: what do you suggest should be done in order to improve on yourperformance

in the topic?

Interviewee 7: My teacher should take his time to teach it well for me to understand it.|
think my teacher should teach it again.

Interviewer: Do you score high marks in circle theorems exercise?

Interviewee 8: No Sir,

Interviewer: what are the causes of your low (poor) performance in circle theoremsexercise?
Interviewee 8: | do not practice or solve problems on circle theorems and also thetopic is
complicated and difficult to me.

Interviewer; what do you suggest should be done in order to improve on yourperformance

in the topic?

Interviewee 8: | think | have to practice or solve problems on the topic by allowingfriends

to teach me and change my mind set that topic is difficult.

Interviewer; Do you score high marks in circle theorems exercise?

Interviewee 9: No sir please.

Interviewer: what are the causes of your low (poor) performance in circle theorems exercise?
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Interviewee 9: My teacher made it difficult for me to learn since he just use oneperiod to
teach all the nine principles of circle theorems and ask us to use them to solve problems. |
did not understand what he taught us.

Interviewer: what do you suggest should be done in order to improve on your performance
in the topic?

Interviewee 9: My teacher should re-teach the topic again and this time each theoremwith a
specific examples and exercises.

Interviewer: Do you score high marks in circle theorems exercise?

Interviewee 10: No Sir

Interviewee: Question; what are the causes of your low (poor) performance in circletheorems
exercise?

Interviewee 9: My perception about the topic is that iz’s difficult. It has many principles that
makes it more difficult for me to understand and also my teacher madeit more difficult for
me to understand.

Interviewer: what do you suggest should be done in order to improve on your performance
in the topic?

Interviewee 9: My teacher should take his time and find proper way to teach the topicagain
for me to understand.

The mathematics teachers’ interview data were also presented as follows.

Interviewer: Do your students perform well in circle theorems exercise?

Interviewee 1: No sir please. Almost all my students performed poorly in circletheorem
questions.

Interviewer: What are the causes of their poor performance in the topic?

Interviewee 1: Most of my students’ have in their mind that it is difficult topic andthey
are lazy, they don 't practice after classroom work.

Interviewer: What do you suggest should be done in order to improve on yourstudents’
performance in the topic?

Interviewee 1: | think students should change their attitude towards the topic and
practice more examples after school.

Interviewer: Do your students perform well in circle theorems exercise?

Interviewee 2: No, their performance is not good in the topic.

Interviewer: What are the causes of their poor performance in the topic?

Interviewee 2: Students’ inability to apply their knowledge on triangle and parallel lines
and other properties in solving circle theorem questions. Also students’ cannot apply two or
more properties to solve problem.

Interviewer: What do you suggest should be done in order to improve on yourstudents’

performance in the topic?
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Interviewee 2: | suggest teachers should help students to apply the basic principle in plane
geometry 1 and how to use more than two circle properties solve a problem.

Interviewer: Do your students perform well in circle theorems exercise?

Interviewee 3: No, their performance in the topic is very bad.

Interviewer: What are the causes of their poor performance in the topic?

Interviewee 3: Students’ have problem with connecting one property with others in solving
circle theorems problems. And using basic properties of triangles and parallel lines in
solving circle theorems problems. Students don’t practice or solve problem on the topic.
They claim the topic is too difficult for them to learn.

Interviewer: What do you suggest should be done in order to improve on your students’
performance in the topic?

Interviewee 3: | think, I should form small groups for students’ and encourage them to practice
more examples on the topic.

Interviewer: Do your students perform well in circle theorem exercise?

Interviewee 4: No sir

Interviewer: What are the causes of their poor performance in the topic?

Interviewee 4. Students are lazy to practices on their own or in group. They are not
serious about the topic. They claim it difficult to understand.

Interviewer: What do you suggest should be done in order to improve on yourstudents’
performance in the topic?

Interviewee 4: | think they should stop been lazy and be more serious with theirstudies.
Also they should change their attitudes towards the topic that it is difficult.

Interviewer: Do your students perform well in circle theorems exercise?

Interviewee 5: No

Interviewer: What are the causes of their poor performance in the topic?

Interviewee 5: Students have ideal that circle theorems questions are complicated andconfusing
for that reason they do not pay much attention on the topic.

Interviewer: What do you suggest should be done in order to improve on yourstudents’
performance in the topic?

Interviewee 5: | think teachers should help to changes students’ attitudes on the topicthat it
is difficult and confusing.

Interviewer: Do your students perform well in circle theorems exercise?

Interviewee 6: No

Interviewer: What are the causes of their poor performance in the topic?

Interviewee 6: Students find it difficult to apply the theories to solve problem.Especially
problem involving two or more properties and other geometry problem.

Interviewer: What do you suggest should be done in order to improve on your
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students’ performance in the topic?

Interviewee 6: Geometry at the junior high school level should be well strengthen in order

to help students to apply geometry concepts at the senior high school level.
4.2.2 Research Question 2
What is the effect of using inquiry-based teaching approach on students’achievement in circle
theorems?
To determine the effectiveness of inquiry-base teaching approach on students’ achievement in circle
theorems, Circle Theorems Achievement Test (CTAT) was administered to students. All the 105
students selected from the two schools in the District agreed to participate in the study, wrote both the
pre-test and the post-test of the CTAT. The summary of the scores of CTAT (pre and post) of the
students is recorded in Table 2, Table 3, Table 4, Table 5, Table 6 and Table 7.

Table 2. Descriptive Statistics of Pre-test Scores of Control and Experimentalgroups

Std.

Groups N Minimum Maximum Mean o
Deviation

Experimental (B) 52 4.00 23.00 11.88 3.97

Control(A) 53 3.00 21.00 11.51 4.45

Source: Field data, 2020.

The pre-test scores of experimental and control groups were compared to determine if there exist any
significant difference in the mean scores before treatment. In fact, the pre-test results revealed no
significant difference between the two groups. The result from Table 2 showed a mean score of 11.88
for the experimental group as comparedto a mean score of 11.51 for the control group. The results
indicated a mean difference of 0.37 between the mean scores of school “B” and “A” with respect to
performance in the pre-test.

The following assumptions of independent sample t-test was checked and met (homogeneity of
variance, the sample of each group was more than 30, samplesscores were normally distributed (see
Appendix 1) and two groups were randomly independent samples) before independent sample t-test was
tested.

Table 3. Independent Samples T-test of Pre-test of Experimental and Controlgroups

Groups N Mean Std. Div. t-value df p-value
Experimental 10
52 11.88 3.969 0.455 0.650
(B) 3
Control (A) 53 11.51 4.453
Source: Field data, 2020.
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To ascertain whether the difference between the mean scores was statistically significant, independent
samples t-test was performed at 95% confidence level. The results of the independence samples t-test
performed on the pre-test scores of school “B” and “A” is illustrated in Table 4. The results from the
Table 4, the independent samples t-test performed on the pre-test scores of the two independent groups:
that is experimental and control groups, revealed that there was no statistically significant difference
between the experimental group and control group. (103)=0.455, p=0.650>0.05. This result indicates
that both the experimental and control groups were at the same level in terms of conceptual
understanding of the concept of circle theorems before the intervention was carried out.

The following assumptions of paired sample t-test were checked and met (homogeneity of variance,
sample scores were normally distributed (see Appendix 1) the sample of the group was more than 30

and the samples were randomly selected) before the paired sample t-test was tested.

Table 4. Paired Sample Statistics of Post and Pre-tests of the Experimental Groups

o ) Std. Std.
Groups N Minimum  Maximum Mean o
Deviation Erro.Mean
Post-test 52 17 44 29.827 6.718 0.932
Pre-test 52 4 23 11.885 3.969 0.550

Source: Field data, 2020.

Table 5. Paired Sample T-tests of Post and Pre-tests of the Experimental Groups

. Mean . Cohen’s
Experimental(B) N ) Std. Div. t-value  df p-value
Difference
Post-test —
52 17.942 4.578 28.263 51 0.000 3.92
Pre-test

Source: Field data, 2020.

To find out whether the difference in the pre-test and post-test scores of School “B” was statistically
significant, paired samples t-test was conducted to compare the pre-test and post-test scores at 95%
confidence interval. Tables 4 and 6 presents sample t-test of the Circle Theorems Achievement Test
score of the experimental group. From Table 4, the mean and the standard deviation scores of the
pre-test was (M=11.885 and SD=3.969) while that of post-test was (M=29.827 and SD=6.718). The
results indicated a mean difference of 17.942 which was significant.

The results of the paired samples t-test (see Table 5) of participants from school B, theexperimental
group who were taught using inquiry-based teaching approach, indicated that there was statistically

significant difference in their mean scores of the pre-test and the post-test, t(51)=28.263, p=0.000<0.05.
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The effect size the inquiry-based treatment was calculated to determine the extent of the intervention
(see Table 5). The effect size Cohen’s d=3.92 which is large effect size was realized. This effect size
value implies that the inquiry-based teaching approach has made a tremendous impact on students’
concepts of circle theorems.

Research question 2 focused basically on the effectiveness of inquiry-based teaching approach on
students’ achievement on the concept of circle theorem in contrast to thetraditional instruction. The
independent variable for the test was the teaching method (That is: the inquiry-based or the traditional

method) and the dependent variable was the achievement inthe post-test of the two groups.

Table 6. Independent Sample Statistics of Post-test of Experimental and ControlGroups

o ) Std. Std. Error
Groups N Minimum  Maximum Mean o
Deviation Mean
Experimental 52 17 44 29.83 6.718 0.932
Control 53 10 37 19.74 5.069 0.696

Source: Field data, 2020.

Table 7. Independent Samples T-test of Post-test of Experimental and ControlGroups

Groups N Mean Std. Div. t-value df p-value Cohen’s
d

Experimental 52 29.83 6.718 8.699 103 0.000 1.71

(B)

Control (A) 53 19.74 5.069

Source: Field data, 2020.

The post-test scores of experimental and control groups were compared to determineif there exist any
significant difference in the mean scores after treatment. In fact, the post-test results revealed
significant difference between the two groups. The result from Table 6 showed a mean score of 29.83
and standard deviation of 6.718 for the experimental group as compared to a mean score of 19.74 and
standard deviation of 5.069 for the control group. The results indicated a mean difference of 10.09
between the mean scores of school “B” and “A” with respect to performance in the post-test.

From Table 7, the results of the independent samples t-test revealed that there was statistically
significant difference in mean between the experimental group and control group t(103)=8.699,
p=0.00<0.05. This result suggests that the experimental group which was taught with inquiry-based

teaching approach outperformed the control group taught with the traditional method.
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The effect size the inquiry-based treatment was calculated to determine the extent of the intervention
(see Table 7). The effect size Cohen’s d=1.71 which is large effect size was noted. This effect size
value signifies that the inquiry-based teaching approach has made a great impact on students’
acquisition of circle theorems concepts.

4.3 Discussion of Results

This part of the study discusses the result of the study. The findings are discussed in view of previous
related studies and the findings of the results of the research questions. The analysis of the interview
data collected from both students and mathematics teachers show causes of poor performance of
students’ in circle theorems and suggested ways to improve upon their performance. Findings from the
analysis of interview data revealed that students see circle theorems as the most difficult topicand
developed negative attitudes towards circle theorems and this is one of the causes of their poor
performance. These findings are consistent with findings of a research made by Mogari (1999) who
found out that students with negative attitudes toward geometry have problems with understanding
other concepts in geometry. Also, this findings is in line with the study made by Geddes and Fortunato
(1993) who noted that students’ attitudes about the value of learning geometry may be considered as
both an input and outcome variable because their attitudes towards geometry can be related to
educational achievement in ways that reinforce higher or lower performance. Similar, Pickens (2005)
linked higher achievement in geometry to positive attitude on the part of the students. Findings
reveals that, mathematicsteachers teaching method also account for students’ poor performance in
circle theorem. These findings show that teachers use traditional method mostly to teach students’
circle theorem which is line with the study made by Akyeampong, Lussier, Pryor, & Westbrook (2013)
which confirm that mathematics teachers in sub-Saharan Africa use the traditional method of
teaching in their lessons where concepts aretaught by giving a set of rules to students to be followed
without the students knowing how those concepts came about. The finding also supports the statement
This style of teaching is what Battista (2009) as cited by Marshal (2006) described as ineffective and
seriously stunts the growth of students’ reasoning and problem-solving skills. These findings also are in
support with findings made by Keith (1999) who found out that the methods used in teaching
Mathematics are instrumental in determining one’s performance. Further findings show that the
complex and abstract nature of geometry (Circle theorems) itself is also a cause of students’ poor
performance in the topic. Thisfinding agrees with the research finding made by Akinlade (2004) that
geometry is oneof the topics among the abstract and complex aspects of mathematics that students
find difficult to learn.

The finding from the independent samples t-test (see Table 3) analysis, p=0.650>0.05 showed that
there was no statistically significant difference in the participants’ achievement levels in plane
geometry Il (circle theorems) between the experimental group (school B) and the control group (school
A) before the treatment was carried out. This indicated that both groups were on the same level of

achievement before treatment. Findings from the paired samples t-tests (see Table 5) of participants
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from school B, the experimental group who were taught using inquiry-based teaching approach,
indicated that there was statistically significant difference in their mean scores of the pre-test and the
post-test, £(51)=28.263, p=000<0.05. The effect size of the intervention, Cohen’s d=3.92 (see Table 6)
was realized, which is large effect size. This effect size value implies that the inquiry-based teaching
approach hasmade a tremendous impact on students’ achievement in circle theorems.

Furthermore, the finding from the independent samples t-test (see Table 7) showed a statistically
significant difference at p=0.000<0.05 between the achievement in the post-tests of participants who
were exposed to inquiry-based teaching approach (Mean=29.83) in the experimental group and those
exposed to the traditional approach (Mean=19.74) in the control group. The difference in means
between both groups comparatively was an indicator to the result that the experimental group
outperformed the control group in the post-test. The effect size Cohen’s d=1.71 which is large effect
size was noted (see Table 7). This effect size value signifies that the inquiry-based teaching approach
has made a great impact on students’ acquisition of circle theorems concepts. These findings revealed
that when inquiry-based teachingapproach is employed, students’ achievement is higher than when the
traditional method is used. These findings strongly agrees with the studies by Riordan and Noyce
(2001), Crawford and Snider (2000), Crawford and Snider (2000), Ferguson (2010), Mensah-Wonkyi
and Adu (2016) and Abdi (2014) who in separate studies found students in the experimental group,
who were exposed to lesson by enquiry-based teaching strategy, improved significantly in the post-test
as compared to their counterparts in the control group taught by the traditional method. These results
also support findings made by Al-Qurashi (2002) on examining inquiry-based instruction in
mathematics and concluded that inquiry- based instruction promoted student achievement. The
outcome of this study also confirm what Aktamis, Higde and Ozden(2016) found in their meta-analysis
study that the inquiry-based learning method used in science education had much more significant
effects on student achievement rather than on their science process skills and their attitudes towards
science in contrast tothe traditional teaching method. The results of this study agrees with
theoretical framework of the study by Khalid and Azeem (2012) said constructivist approach
modifies the role of the teacher to that of a facilitator who helps students to construct knowledge rather
than to reproduce a series of facts which is the bases of inquiry- based teaching approach which
promote students achievement.

Findings from the observation made by the mathematics teachers shows that some students don’t fully
engage themselves in the classroom activities in their various group work. Students also feel
embarrassed when they answer questions wrongly. These findings are in conformity with what
Gutierrez (2018) said that students with learning disabilities feel embarrassing and unwilling to
participate in small group during inquiry-based learning. Inquiry-based teaching methods require more
time dueto its practical and investigative nature. Students need to spend time to explore and find out the
truth about each of the theories one after the other without learning them through “chew and pour”.

This finding agrees with the study conducted by Aulls (2002), who observed several teachers as they
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implemented inquiry-based activities intheir classrooms. He reported that the teacher whose students
achieved all of their learning goals spent a great deal of time in instructional interactions with students
by simultaneously teaching content and scaffolding-relevant procedures. The finding alsoagrees with
Wei and Li (2017), said schooling and class time are limited, and studentsare not able to complete
inquiry experiments in a short period of time. Outcome of theobservation also shows that class control
and management was a bit challenging due to the fact that the classroom was not spacious and the class
size was large. This finding is in line with study made by Harris and Rooks (2010) and Lawson

(2000)who in separate studies found that teachers find it challenging to manage an inquiry classroom.

5. Major Findings

The major findings of the study are classified according to the research questions. They are presented
under three main sub-headings in accordance with the research questions in this section.

5.1 Research Question 1: What Are the Causes of Poor Performance of Students in Circle Theorems?
The findings from interviewees’ responses from both students” and mathematics teachers’ show that
poor performance of students are mainly cause by students’ attitude towards circle theorems and
mathematics teachers’ methods or strategies of teaching. Students’ have in mind that the topic is too
difficult and confusing and for that matter they don’t worry themselves to practice examples on it.
Moreover, students said they will not answer any questions on it at the final exam. Teachers teaching
method (the use of traditional method) in teaching circle theorems. This method makes students aware
that circle theorem is full of rules that must be chew and pour making it difficult for students to
remember them and apply.

5.2 Research Question 2: What Is the Effect of Using Inquiry-based TeachingApproach on Students’
Achievement in Circle Theorems?

Findings from the pre-test analysis showed that students in both the experimental and control groups
were at the same level in terms of conceptual understanding of the concept of circle theorem before the
intervention was carried out. Also, findings from the post-test analysis revealed that students in the
experimental group (school B) outperformed their counterparts in the control group (school A) after
treatment. The findings also revealed a statistically significant difference in the mean scores between
the experimental and control groups in the post-test comparison.

5.3 Conclusions

Based on the findings from the study, it can be concluded that students’ negative attitude and teachers’
teaching methods are the main causes of students’ poor performance in circle theorems. It can also be
concluded that inquiry-based teaching approach increased students’ conceptual understanding in circle
theorems and hence increased students’ achievement in circle theorems than the traditional
instruction. Finally it can be concluded that forming smaller groups in class, control and management
problem due to large class size and classroom not spacious and inadequate time factor are some of the

challenges associated with the inquiry-based teaching approach
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5.4 Recommendations

From the findings of this study, the following recommendations are offered:

1) Mathematics teachers in senior high school level should use inquiry-based teaching approach to
teach geometry (circle theorems) since it increases students’ conceptual understanding and haven
positive impact in their achievement in geometry (circle theorems).

2) Mathematics teachers should help students to changes their negative attitudes towards circle
theorems (that it is difficult and confusing) and other geometry topics in order to sustain their interest

in the topic.
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