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Abstract

Reasoning patterns are an important part of education that are required for understanding and
solving plane geometric problems. Mathematics teachers should use appropriate teaching
methods to maintain a high level of reasoning pattern.This study determined the influence of
students reasoning pattern on academic achievement in plane geometry. The researchers adopted
ex-post facto research design. The study participants was made up of 368 mathematics students
(180 males and 188 females) drawn using multi-stage sampling procedure. Instruments used for
data collection were Plane Geometry Achievement Test (PGAT) and Plane Geometry Reasoning
Pattern Classification Test (PGRPCT). The reliability of the instrument was determined using
Kudder-Richardson formula (KR20) method, and reliability estimate of 0.81 was obtained. The
reliability of PGRPCT was ascertained using Pearson Product Moment Correlation Coefficient,
the reliability estimate of 0.88 was obtained. The research questions were answered using mean
and standard deviation while the null hypotheses were tested at P< 0.05 using analysis of
variance (ANOVA). The result of the study revealed that mathematics students employed all the
two reasoning patterns while solving geometric problems. There was a significant difference in
the mean achievement scores of students in all the two levels of reasoning patterns. The teacher
should use appropriate instructional design to ensure that students who give a correct verbal
description of a geometric concept also has the correct concept image associated with that
concept.

Keywords: Students reasoning pattern, visualization, analysis, academic achievement,
mathematics, plane geometry

Introduction
Mathematics is widely regarded as the science of numbers, shapes, properties and
relations of points and patterns. It is the science of patterns, such as counting patterns, reasoning
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patterns, communicating patterns, motion patterns, change patterns, symmetry patterns and
regularity patterns, and position patterns (Petti, 2015). The author revealed that, mathematics
involves a logical expression of relationships that exist among the measurable quantities of time
and space in the universe, presented in compact and simple codes. Mathematics is a science that
deals with measurement, the logic of shape, quantity, arrangement and patterns. Mathematics can
be applied in all core sciences such as Biology, Physics, Chemistry; Social Sciences, such as
Economic Psychology and Sociology; Engineering fields, such as civil, industrial and
mechanical engineering; technological field, such as computers, rockets, accountancy, medicine,
technology, weather forecasting, banking and data processing (Elaine, 2013).

Mathematics has been a pivot on which other subjects, especially science subjects,
revolve. An individual has to be well equipped with the basic knowledge of mathematics in order
to operate effectively and apply it in other school subjects like Chemistry, Physics, Biology,
Economics, Geography and among others (Kurumeh & Dogo, 2015). The study of Mathematics
help students develop skills like logical and rigorous argumentation, abstract thinking,
formulating and solving problems, analyzing data, creating and analyzing mathematical models,
communication, conceptual ability, interpretation, and research (Agwagah, 2013). Agwagah
further stated that any nation's overall development and the creation of a healthy, happy, and
prosperous society are impossible to achieve without the knowledge of mathematics. As a result,
better achievement in mathematics could lead to better national and technological development.
Despite this, students struggle with mathematics. Evidence from the Chief Examiner's reports on
students' achievement in senior school certificate examinations (SSCE) in mathematics between
2015 and 2018 shows that students' achievement in mathematics is declining. Take for instance,
in 2015, 1,605,248 sat for the examination and 620,910 students passed while 984,338 students
failed (WAEC, 2015). In 2016, 1,552,758, students sat for the examination and 822,496 students
passed while 730,262 students failed (WAEC, 2016). In 2017, 1567,016 students sat for the
examination, 927,987 students passed while 630,029 students failed (WARC,2017). In 2018,
1,578,846 students sat for the examination and 789,107 students passed while 789,739 students
failed (WAEC, 2018).

Students' achievement in Mathematics has remained poor for many years (Agwagah &
Utibe, 2015; Wale, 2015; Ibrahim, 2012). This situation is due to students' lack of understanding
of mathematical formulae or concepts, which is a result of the structure of knowledge and
reasoning patterns they acquire during the mathematics teaching and learning processes. Students
use these knowledge structures and reasoning patterns to provide solutions to mathematical
problems. Unqualified mathematics teachers, according to Zalmon and Wonu (2017), are to
blame for students' poor achievement in the West African Examination Council and National
Examinations Council in successive years. Several factors influence students' achievement in
mathematics. Such as: Poor teaching methods (Josiah & Etuk-Iren, 2014); teachers' inability to
use appropriate instructional materials and lack of infrastructural facilities; students' poor reading
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habits (Hassan, 2014); lack of orientation on the relevance of mathematics to life in general and
gender differentials (Bello, 2014) are some of the factors that can be attributed to poor teaching
methods. Both students at various levels of learning, according to Ajani and Papoola (2013),
complained bitterly about the difficulty of learning mathematics. Sheras (2014) observed that
factors responsible for failure and consistent poor achievement have been identified, including:
poor teaching approach and the non-use of adequate methods in teaching some concepts in
mathematics, such as linear equations, quadratic equations, simultaneous equations, geometry.

Geometry is a branch of mathematics concerned with the study of figures, shapes, sizes,
patterns, and locations. Geometry, according to Mukati (2016), is a branch of mathematics
concerned with the properties, measurements, and relationships of points, lines, angles, surfaces,
and solids. Geometry is the visual study of shapes, sizes, and how they fit together in space.
Geometry has many sub-disciplines. Analytic geometry, differential geometry, topology, non-
Euclidean geometry, and plane geometry are the five types of geometry. Geometry generally, is a
very broad topic both in primary and secondary school levels, but the researchers could not
explore all the levels. Therefore, the researchers dealt with plane geometry only with SS1
mathematics students. Plane geometry has been identified as a difficult topic by Alex and
Mammen (2016); Rizki, et al. (2018) due to teachers' failure to use appropriate methods and
patterns in teaching some concepts. Plane Geometry is the geometry of points, lines, curves, and
other plane shapes, as well as their constructions. Plane geometry is two-dimensional geometry.
Plane shapes are also two-dimensional shapes with straight lines or curves to describe them.
Triangles, quadrilaterals, circles, and other polygons are examples of plane shapes. According to
Howse and Howse, (2015), students could grasp the concept of geometry as well as plane
geometry if they had good reasoning patterns. Wale, (2015) was in opinion with Jonah and
Dogo, (2019) that students viewed geometry as difficult, theoretical, abstract, too formal, and
complicated due to poor reasoning pattern. According to Wale, geometry as a branch of
mathematics is in bad state of teaching and learning. Wale also emphasizes that the teaching of
geometrical content, as practiced by today's mathematics teachers, has been found to be
ineffective, resulting in poor student achievement.

Many factors have been identified and attributed to the students' poor achievement in
geometry. Such factors are: curriculum planners' inability to incorporate geometric reasoning
patterns into the new curriculum design; examining bodies' lack of orientation and
misconceptions about the relevance of reasoning patterns to life in general; teachers'
unpreparedness; poor teaching environment; and unavailability of textbooks to mention just a
few of the factors (Dangpe, 2015; Telima, 2014). However, available textbooks on geometry,
according to Charles-Ogan and Nechelem (2015), emphasize abstract reasoning or cite
experiences that are not common to the majority of students. These concepts/topics do not relate
to the cultural experiences of African students, rather include those of the foreign countries. As a
result, some students rely solely on what is done in class because they find it difficult to
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comprehend what is written in textbooks and library books. According to Olaleye (2015),
students lack the necessary methods and patterns for studying geometry as an important aspect of
mathematics, which has an impact on their achievement in geometry.

Teachers' incorrect presentation of geometric facts and solutions, without allowing
students to provide their own concrete materials of many geometric shapes, interact
geometrically with those shapes and develop their reasoning patterns, may be one of the
persistent causes of students' poor achievement in geometry (Bankov, 2013). A good
mathematics teacher should concentrate on geometric concepts and use problems that are
challenging enough for students to develop their geometric reasoning pattern (Pournara, et al.,
2013). The need to investigate appropriate methods that could improve students' geometry
achievement has thus remained a critical issue for mathematics educators. The report of the West
African Examination Council Chief Examiners (2019) revealed that students struggled with
geometrical concepts in mathematics. Due to faulty reasoning patterns identified by Wahyudin as
cited in Mikrayanti, (2016), students may try to use the correct problem-solving method but take
the wrong path when looking for solutions. From all indications, students have difficulty in
understanding certain geometric concepts due to lack of appropriate reasoning patterns. Even
when students are given accurate instruction, they tend to structure it differently and distort it as
a result of their poor reasoning patterns.

Plane geometry uses reasoning patterns, which acts as the main contributor towards
achievement. Reasoning is the process of using evidence to determine conclusions. Reasoning,
according to Bieda, et al. (2013), is the process by which a learner expresses and demonstrates
connections between patterns of representations. A pattern is a set of instructions or a regular
arrangement of shapes, lines, or both. In plane geometry, there are two types of patterns:
repeated patterns and growth patterns. The term "repeated pattern" refers to a pattern with
discernible units of repetition. Students are able to perceive, recognize, and distinguish
something from something else. Each term in the pattern is dependent on the previous term and
its position in the pattern, and each term in the pattern has discernible units known as terms.
Students can be challenged to translate the visual, auditory, and movement of growing patterns
once they have solidified their understanding of the rules. It is the evolving patterns that lead to
the emergence of new ones. Teachers should motivate students by asking open-ended questions
that encourage them to think beyond the patterns provided or what can be developed with
additional materials. Karen (2012) went on to say that curriculum planners should examine the
curriculum and methods of teaching geometry, particularly plane geometry, in various
educational sectors and arrange them in a logical order based on reasoning patterns.

Reasoning patterns are an important part of education that are required for understanding
and solving plane geometric problems. Mathematics teachers should use appropriate teaching
methods to maintain a high level of reasoning pattern. Kanimozhi and Ganesan (2017) found that
some students' reasoning patterns are very high, high, average, poor, and very poor. The
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researchers will identify students who have very high, high, low, very low, poor, and very poor
levels of reasoning patterns in the Nigerian context in this study. When it comes to solving plane
geometry problems, there are a variety of reasoning patterns to choose from. Hieles' (1986)
theory of learning geometry identified five types of reasoning patterns in plane geometry, which
have sparked a lot of interest around the world. The learner cannot successfully complete one
level of reasoning without having completed the previous levels. According to Hieles, students
go through five different types of reasoning patterns (Visualization, analysis, theoretical,
deduction, and rigor are the five elements) but this study will concentrate only on two reasoning
patterns (Visualization & Analysis).

Visualization is the process of using a chart or other image to represent or interpret an
object, shape, situation, or set of instructions. This is the reasoning pattern in which a student
presents geometrical ideas using language, notation, and geometrical structures. According to
Hassan (2015), students name only a subset of shape visual characteristics, distinguish, compare,
and operate on geometrical shapes such as triangles, angles, and parallel lines based on their
appearances. It also entails the student's interpretation of images, maps, and sketches, as well as
recognition from various perspectives. When asked why a figure is a square, a student might
respond, "it looks like a square" or "it's like a cube of sugar." Students who use visualization to
reason can recognize shapes based on their appearance but not specifically properties. Teacher
uses inquiry, illustrations, questioning, demonstration to ensure mastery of different orientation
of shapes before moving to the analysis pattern. The reasoning pattern in which a student uses
language, notation and geometric structures to present geometrical ideas. It also involves the
students’ identification, characterization, interpretation and sorting shapes of plane geometric
figures. For example, students identify, name, compare shapes and patterns of the following
plane shapes:

Analysis is the breaking down concepts into their constituent parts or examining various
objects to discover all of their properties. This involve sorting and classifying shapes in terms of
properties. Students identify shapes given various groupings of properties and examine each
element of a plane shapes or features of it in detail in order to understand it (Abu & Nimrawi,
2014). Teachers should ensure that students construct shapes and identify the properties, and use

the properties to solve problems. Students can analyze the properties of figures, for Students
identify shapes given various groupings of properties and examine each element of a plane

151

@ " © CINEFORUM



CINEFORUM
ISSN: 0009-7039
Vol. 65. No. 3, 2025

shapes or features of it in detail in order to understand it. Teachers should ensure that students
construct shapes and identify the properties, and use the properties to solve problems. Students
can analyze the properties of figures, for example, rectangles have equal diagonals, it has four
right angles and opposite sides are equal and a rhombus has all sides equal. Another example is
that an equilateral triangle can have three equal sides, three equal angles and three axes of
symmetry, in a circle where two radii are joined by a chord, an isosceles triangle is formed. It
takes time to move from one level to the next. The researchers therefore considers it worthwhile
to ascertain whether reasoning patterns can influence student’s achievement in geometry, since
the reasoning patterns are what the students actually use to provide answers to questions posed to
them in geometry.

Theoretical Framework

This study is anchored on the theory of Geometric Reasoning propounded by Van Hiele
and Van Hiele (1986). Van Hiele and Van Hiele-Gelgof were husband and wife researchers who
studied school children's reasoning and concept development in geometry. They noticed that
their students had difficulty learning geometry as a result of their many years of teaching
experience. According to Van Hieles, when it comes to classroom observation and interactions,
students go through several categories or levels of reasoning when it comes to geometric
concepts. As a result, the Van Hieles developed the Van Hiele theory, which is a theory of
categories of reasoning in geometry. Hieles was particularly interested in how students’ progress
from recognizing shapes to being able to construct a formal geometric proof through various
levels or categories of geometric reasoning. Hieles believed that man's ability to do abstract
symbolic reasoning distinguishes him from other animals created by God. The theory has two
major components. The Van Hiele theory explains why many students struggle in geometry
classes, especially when it comes to formal proofs. Second, the Van Hiele theory of geometry
instruction, which provides a teaching model that teachers can use to improve students'
geometric understanding. The literature uses two different numbering schemes to describe the
Van Hiele patterns or levels of reasoning: level 0 through 4, and level 1 through 5.

Van Hiele identified five sequential and hierarchical levels of geometric reasoning: Level
1: Visualization, Level 2: analysis, Level 3: Theoretical, Level 4: Deduction and Level 5: Rigour.
Visualization level: The student recognizes geometric shapes, identify, name, compare
geometric shapes and also, produce a given shape. The student reasons by means of visual
considerations without regard to the properties of its components.
Analysis level: The student at this level reasons and analyze geometric shapes in terms of its
properties. The relationships between these properties and between different figures are not yet
understood. Theoretical: The student at this stage, logically orders figures and understands
interrelationships between different figures. Students use properties that they already know to
formulate accurate definitions of geometric shapes. Deduction: The student understands the
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importance of deduction and the role of axioms, theorems and proofs. Students should be able to
supply reasons for steps in a proof and as well construct their own proofs. Rigor: Students
understand and reason formally about geometrical systems. The student understands the analyses
of various theorems in different axiomatic systems and as well study various geometries in the
absence of concrete models. According to Van Hiele, the levels or categories are sequential and
hierarchical valid with higher levels of thinking which proceed under the influence of learning.
Van Hiele used primary school children. The theory is related to the present study in the sense
that the categories of geometric reasoning were also designed by the level of complicity, from
simple to complex.

Evidence from literature and researches carried out in foreign countries also attributed the
poor achievement in Mathematics to the reasoning patterns which students use to provide
answers to questions on geometrical problems. Consequently, there is need to improve on the
teaching and learning of geometry by exploring how to adapt reasoning patterns in the teaching
of geometry. Therefore, the main focus of this study is to identify the various reasoning patterns
employed by mathematics students while solving plane geometric problems and determine their
influence on students’ achievement. The purpose of the study was to investigate the influence of
students levels of visualization and analysis reasoning patterns on their achievement in plane
geometry.

Research Questions

The following research questions were addressed;

1. What are the mean achievement scores of students with different levels of visualization
reasoning pattern in Plane Geometry Achievement Test (PGAT)?

2. What are the mean achievement scores of students with different levels of analysis reasoning
pattern in PGAT?

Methodology
Design of the Study

The researchers adopted Expost-facto research design. Expost-facto research design seeks
to establish cause-effect relationships but differs from experimental study in that the researcher
usually has no control over the variables of interest and therefore cannot manipulate them
(Nworgu, 2015). The design was adopted because the researchers did not manipulate or control
any of the variables. It is a design where some effects are attributed to some cause without any
attempt to manipulate the independent variables. Hence, expost-facto research design is ideal for
this study since the hypotheses and variables can be analyzed without manipulation of the
variables (Simon & Goes, 2013)

Participants
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The population of the study comprised four thousand, five hundred and fifty-nine, (4559)
senior secondary one (SS1) mathematics students. The SS1 students were used for this study
because plane geometry is in the SS1 curriculum and is a foundation class. Introducing geometry
reasoning at this stage develops students logical thinking in fundamental aspects of geometry
topics they are going to study in SS2 and SS3. The sample of this study comprised three hundred
and sixty-eight (368) SS1 mathematics students, consisting of 180 males and 188 females, from
thirty-one (31) schools. Sampling was done using multi-stage sampling procedure.

Research Instruments

Two instruments developed by the researchers for data collection were used in this
study. The instruments were Plane Geometry Reasoning Pattern Classification Test (PGRPCT)
and Plane Geometry Achievement Test (PGAT). PGRPCT was developed based on each
reasoning pattern. Each reasoning pattern has a plate which contains sets of figures followed
with items. Plate A is visualization reasoning pattern, with 9 figures and five questions. Plate B
is on analysis reasoning pattern, with 8 figures and five questions. PGRPCT was used solely in
classifying the students into different levels of each reasoning pattern. In each reasoning pattern,
the score of each student was converted to 100%. The students’ scores in percentage was used in
classifying students into five levels of reasoning patterns. The test scores from (81-100%), (61-
80%), (41-60%), (21-40%), (0-20%) was used as a basis for categorizing the students into very
high, high, average, poor and very poor reasoning patterns respectively (Kanimozhi & Ganesan,
2017).

Plane Geometry Achievement Test (PGAT) is a 30- item multiple choice questions with
four response options that range from A-D from which the students select response that best
answers the question. PGAT was used to determine students’ achievement in plane geometry.
The test was developed from the specified SS1 mathematics contents with respect to the test blue
print for the contents constructed by the researchers. The PGAT cover the following areas;
triangle, quadrilaterals, congruency, polygons and circle. The instrument was scored on the basis
that each correct response was assigned one (1) mark while incorrect response attracts a score
0.

Validity and Reliability

The instruments were exposed to both content and face validation by three specialists
whose disciplines were very relevant to the study. The specialists were specifically requested to
scrutinize the items of the instrument in relation to the research purposes, ambiguity of words,
test language used in constructing the items, and the structure and clarity of items. These guided
them in making useful criticisms and contributions to the instrument. The content validity of
Plane Geometry Achievement Test (PGAT) was constructed with strict adherence to the test blue
print so as to ensure that the test items reflect all details on the test blue print. The face validation
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of PGRPCT focused on the item arrangement and logical sequence. The specialists’ comments
and suggestions helped in modifying the items to suit the problem under investigation.

The instruments were trial-tested on a sample of 20 SS1 mathematics students who were
not among the sample size. The field tested results were used to estimate the coefficient of
internal consistency of the instruments using Test retest estimate of temporary stability for
PGRPCT and Kudder-Richardson (K-R20) for PGAT. Specifically, PGRPCT was administered
on two occasions to twenty students. The scores of the students in the first and second
administration were correlated using Pearson moment correlation and coefficient of 0.88 was
obtained. The internal consistency of PGAT was found to be 0.81. This means that the
instruments are reliable and capable of eliciting information for the purpose of the study.

Research Procedure

Before the administration of the PGRPCT, the students were notified that the exercise
was not an academic test, but rather, the researchers was only interested in finding their own
personal viewpoints in respect to the questions being asked. The copies of PGRPCT was first
distributed to the sampled students, with the approval of the school principals and the assistance
of regular mathematics teachers in each of the sampled schools. PGRPCT took the average of 1
hour 30 minutes. The PGRPCT was used to categorize the students into different levels of
reasoning patterns. The test scores from (81-100%), (61-80%), (41-60%), (21-40%) and (0-20%)
was used as a basis for categorizing the students into very high, high, average, low, and very low
levels of reasoning patterns respectively. The shapes of those four PGRPCT (Plate A - D) were
presented to the students, one after the other. Students responses to each of the questions in
PGRPCT were used to categorized them into different levels of the reasoning pattern. This was
followed by Plane Geometry Achievement Test (PGAT). Before administration of the test, the
researchers reminded each student sampled for the test that the test is just a follow-up exercise to
the PGRPCT they earlier responded to. The researcher pleaded for honest responses and
emphasized that there is no right or wrong answers. On the average, the students were allowed to
respond to the instruments within 50 minutes.

Method of Data Analysis

Data collected were analyzed using SPSS version 23. Research questions were answered
using mean and standard deviation. Mean and standard deviation were used because mean is the
most reliable measuring tendency. Also, standard deviation is the most reliable estimate of
variability. Data collected from PGRPCT were used for classification of students into various
levels of reasoning patterns, while data collected from PGAT, were used to answer all the
research questions. Hypotheses were tested using analysis of variance (ANOVA) at 0.05 level of
significance. Analysis of variance was used because it is a statistical tool used to determine if at
least one group mean is different from the others.
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Results

Result in Table 1 shows the mean and standard deviations of students’ achievement scores
with various levels of visualization reasoning pattern in plane geometry. The result shows that
students with extremely low visualization reasoning pattern in plane geometry had a mean
achievement scores of ¥ = 12.75, SD = 2.50, very low, ¥ = 14.69, SD =1.60, low, x=
15.67, SD = 3.33, average, x = 17.36, SD = 3.15, high, x = 18.96, SD = 3.31 and very high, ¥ =
20.09, SD = 3.74. The mean scores show that students with very high visualization reasoning
pattern have the highest achievement mean score, followed by those with high, average, low,
very low and extremely low visualization reasoning pattern in plane geometry. The higher the
SD, the more the scattering of the individual scores from the mean. If the mean is high relative to
the other group means, and the SD is equally high, then only few individual scores are high. But
if the SD is small, it implies that most of the individual scores are around the mean, that is, the
sores are nearly equal to the mean. Thus, the SD for each of the levels of visualization reasoning
pattern indicates a low degree of variation in the scores of students with various level of
visualization reasoning pattern.

Table 1. Mean achievement scores of students with different levels of visualization
reasoning pattern in PGAT

Levels N X SD. Std. Error
Extremely low 4 12.7500 2.50000 1.25000
Very Low 13 14.6923 1.60128 44412
Low 6 15.6667 3.32666 1.35810
Average 36 17.3611 3.15461 52577
High 121 18.9587 3.31008 .30092
Very High 131 20.0916 3.73847 .32663
Total 311 18.9293 3.72457 21120

Key: ¥ =Mean, SD = Standard Deviation,

The result in Table 2 shows the ANOVA comparison for achievement mean (x) scores of
students with different levels of visualization reasoning pattern in plane geometry. From the
result, an F-value of 12.177 with an associated probability value of 0.000 was obtained. The
result indicates that the associated probability value of 0.000 is less than the 0.05 level of
significance. Thus, the null hypothesis which states that there is no significant difference in the
mean achievement scores of students with different levels of visualization reasoning pattern in
plane geometry is rejected. The inference drawn is that, there is significant difference in the
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mean achievement scores of students with different levels of visualization reasoning pattern in
plane geometry.

Table 2. ANOVA comparison of the mean achievement scores of students with different
levels of visualization reasoning pattern in PGAT

Sum of

Squares Df Mean Square F Sig.
Between Groups 715.591 5 143.118 12.177 .000
Within Groups 3584.852 305 11.754
Total 4300.444 310
Key: df = degree of freedom, F = ANOVA test statistic, Sig. = Significant level/Exact

probability value

Result in Table 3 shows the mean responses and standard deviations of students’
achievement scores with various levels of analysis reasoning pattern in plane geometry. The
result shows the sample size, mean score and standard deviations (n = 8, ¥ = 21.88, SD = 2.59;
n=61,¥=19.74,SD=3.62;n=117, ¥ = 19.56, SD =3.58; n =62, ¥ = 18.34,SD =3.68; n
=16, x =17.75, SD = 3.34; n = 47, x = 16.98, SD = 3.63) for very high, high, average, low,
very low and extremely low levels of analysis reasoning pattern of students in plane geometry
respectively. The mean scores show that students with very high level of analysis reasoning
pattern have the highest mean score, followed by those with high, average, low, very low and
extremely low analysis reasoning pattern in plane geometry. The standard deviation for each of
the levels of analysis reasoning pattern indicates a low variation in the scores of the students.

Table 3 Mean Achievement scores of students with different levels of analysis reasoning
pattern in plane geometry

Levels N X SD Std. Error
Extremely low 47 16.9787 3.63252 .52986
Very Low 16 17.7500 3.33667 .83417
Low 62 18.3387 3.67956 46730
Average 117 19.5641 3.58008 .33098
High 61 19.7377 3.62354 46395
Very High 8 21.8750 2.58775 91491
Total 311 18.9293 3.72457 21120

Key: ¥ =Mean, SD = Standard Deviation,
Result in table 4 shows that an F-value of 5.898 with associated exact probability value of 0.00
was obtained for the difference in the mean achievement scores of students with different levels
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of analysis reasoning pattern in plane geometry. The result shows that the exact probability
value of 0.00 is less than the 0.05 level of significance. Thus, the null hypothesis is rejected. The
conclusion drawn is that there is significant difference in the mean achievement scores of
students with different levels of analysis reasoning pattern in plane geometry.

Table 4. ANOVA result for the difference in the mean achievement scores of students
with different levels of analysis reasoning pattern in plane geometry

Sum of Squares Df Mean Square F Sig.
Between Groups 379.130 5 75.826 5.898 .000
Within Groups 3921.313 305 12.857
Total 4300.444 310

Key: df = degree of freedom, F = ANOVA test statistic, Sig. = Significant level/Exact
probability value

Discussion

The researchers discovered that students with very high visualization reasoning pattern
have the highest mean achievement score, followed by those with high, average, low, very low
and extremely low visualization reasoning pattern in plane geometry. The findings also revealed
that the standard deviation for each of the levels of visualization reasoning pattern indicates a
low degree of variation in the scores of students with various levels of visualization reasoning
pattern. This indicates improvement on student’ ability to reason scientifically as a result of
instruction. There was significant difference in the mean achievement scores for the different
levels of visualization reasoning pattern in plane geometry. This result disagrees with the results
of earlier studies carried out by Kanimozhi and Ganesean (2017), Wahyhini and Hadi (2019),
who found in their separate studies, that there is no significant difference in the reasoning levels
of students while solving geometry, but agrees with the findings of Hassan (2015) and Bhat
(2016) who found that the difference in the mean achievement scores of students was significant.
It may be concluded that 131 out of 311 samples used for the study are very high in visualization
reasoning pattern. One hundred and twenty- one (121) students are good in visualization
reasoning pattern. Thirty-six students are average in visualization reasoning pattern. Six (6)
students are low in visualization reasoning pattern. Four (4) students are extremely low in
visualization reasoning pattern. From the researcher’s view, the majority of students had mastery
of geometric shapes which is a prerequisite knowledge for other patterns of reasoning.

Students with very high level of analysis reasoning pattern have the highest mean scores,
followed by those with high, average, low, very low and extremely low analysis reasoning
pattern in plane geometry. The standard deviation for each of the levels of analysis reasoning
pattern indicates a low variation in the scores of the students. Result from the test of hypothesis
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two showed that there is significant difference in the mean achievement scores of students with
different levels of analysis reasoning pattern in plane geometry. The findings support the similar
works on levels of geometric thinking according to Van Hiele’s done by Taha (2015) but do not
agree with the findings of Ibrahim (2014), Abu and Nimrawi (2014) who indicated that students
do not exceed the first level. It can be concluded that out of 311 samples for the study, only 117
students score the average mark. The finding of this study therefore showed that, the number of
students that scores very high and high is dropping, compared with the Table 1 above. These
results can be attributed to the teacher’s focus on the visualization or conceptual knowledge in
which students can only name and identify shapes or figures. From the data analyzed only eight
students out of 311 students used for the study, can correctly identify and explain the properties
of plane geometric figures. The number of students that scored 61% and above were only 69
students out of 311 students used for the study. Most of the students were still at the average
level. The researchers observed from the study that majority of the students find it difficult to
correctly state the properties of plane geometric figures.

Implications for Biology Education Practitioners

The implication of this findings to biology education teachers is that they will have to teach the
terminology associated with a given content area in biology, the biology teacher should use
appropriate instructional design and instruction to ensure that students who give verbal
description of a biology concept also has the correct image associated with that concept. Biology
education practitioners are by the findings of this study expected to carry out more studies in area
of reasoning patterns to facilitates full integration of these modes of instructions while teaching
biology students. Biology students need preliminary explorations of the properties of biology
before they can attempt to write a definition of it.

Conclusions

There is significant different in students achievement with different levels of visualization
reasoning pattern in plane geometry. However, the significant different in the students reasoning
pattern is situated between very high, high, average, low, very and extremely low level of
visualization reasoning patterns in plane geometry. There is a significant difference in the
achievement mean scores of students with different levels of analysis reasoning pattern in plane
geometry. Hence, the result of the students shows that there is significant mean difference
between very high, low, very low and extremely low but there is no significant difference among
very high, and average as well as low, very low and extremely low analysis reasoning patterns in
plane geometry. There is a significant difference in response of students with extremely low
level, low, average, high and very high reasoning pattern but no significant difference exists
between low and very low level. The content scope chosen for this study was restricted to topics
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on plane geometry. The findings may or may not be the same if similar study is conducted with
topics chosen from other concepts in mathematics.

References

Abu, M. M. & Nimrawi, Z. (2014). Levels of Geometric Thinking in the Conical Beams of
Students of the Department of Mathematics at Al-Zaytoonah University of Jordan,
Educational Journal, Kuwait University, 28(2), 111-138.

AGWAGAH, U.N.V. & UTIBE, U.J. (2015). A DECADE OF CANDIDATES’ PERFORMANCE IN NECO-
SSCE MATHEMATICS IN NIGERIA. JOURNAL OF EDUCATION AND PRACTICE. 6(25), 25-30.

AGWAGAH, V.U. (2013). IMPROVING THE TEACHING OF MATHEMATICS FOR ATTAINMENT OF
SEVEN-POINT AGENDA: IMPLICATION FOR GENDER PARITY. ABACUS: THE JOURNAL OF THE
MATHEMATICAL ASSOCIATION OF NIGERIA (MAN), 38(1), 110-121.

AJANL, T. O. & PorooLA, B. A. (2013). EFFECT OF EMOTIONAL INTELLIGENCE MATHEMATICS
TEACHING ANXIETY AND SELF-CONCEPT OF PRE-SERVICE TEACHERS’ ACHIEVEMENT IN
MATHEMATICS. PROCEEDING OF ANNUAL NATIONAL CONFERENCE, MAN

Alex, J. K & Mammen, K. J. (2016). Lesson Leaning from Employing Van Hielle Theory Based
Instruction in senior secondary school Geometry classrooms. Eurasia Journal of
Mathematics, Science and Technology, 12(8), 2228-2236.

Bankov, K. (2013). Teaching of geometry in Bulgaria. European Journal of Science and
Mathematics Education 1(3), 276-284.

Bello, A.S (2014). Influence of Enrichment Package on Mathematics Achievement, Retention
and Anxiety Among JSS Student in Adamawa State Nigeria; Unpublished PhD
Dissertation ABU, Zaria

Bhat, M. A. (2016). The predictive power of Reasoning Ability on Academic Achievement;
International Journal of learning, Teaching and Educational Research 15(1),9-88.

Bieda, K. N., Ji, X., Drwencke, J. & Picard, A. (2013). Reasoning-and-proving opportunities in
elementary mathematics textbooks. Journal for Research in Mathematics Education.
Retrieved 5 January 2013 from http://dx.doi.org/10.1016/j.ijer.2013.06.005

Charies-Ogan, G. & Nechelem, R.G. (2015). Investigating Difficulty Concepts in Senior
Secondary School Mathematics Curriculum as Perceived by Students. International
Journal of Academic Research and Reflection, 3(6), 68-74.

Dangpe, A.K.D. (2015). Effect of experimental and motivation-based model on students’

achievement an interest in circle theorem: Published Thesis University of Nigeria,
Nsukka. Virtual Digital Library.

Elaine, J. H. (2013). What is Mathematics? http:/m.livesdience.com/38936-mathematics.htn.

Hassan, A.A (2014). Impact of Van Hieles Geometric Model on Pedagogical Abilities of Nigeria
Certificate in Education Mathematics Students in Niger State-Nigeria. Unpublished Ph.D
Dissertation, Ahmadu Bello University, Zaria

160

LIRS o B<ss: & CINEFORUM



CINEFORUM
ISSN: 0009-7039
Vol. 65. No. 3, 2025

Hassan, H. (2015). Levels of Geometric Thinking for Students of the Mathematics Department at
the College of Education/Ibn Al-Haytham - University of Baghdad, Journal of Al-Ostaz,
2 (214), 345-372.

Hiele, P. M. (1986). Structure and insight: A theory of Mathematics education. Orlando:
Academic Press. Hiele, P. M. (1999). Developing Geometric Thinking through Activities
that Begin with Play. Teaching Children Mathematics, 6, 310-316.

Howse, T. D. & Howse, M. E. (2015). Linking the Van Hiele Theory to Instruction. Teaching
children Mathematics, 21(5), 98-106.

Ibrahim, H. (2014). Change in Van Hiele levels of Geometric thinking among students in the
classroom in open education as a result of their study of basic concepts and methods of
teaching and relation to their achievement, University of Damascus Journal, 30 (1), 87-
119

Ibrahim, T. A. (2012). Problems and prospect of using specimen’s apparatus for effective
teaching of biology in secondary school. Unpublished BSc (ed.) project in the department
of Science Education, Bayero University Kano.

Jonah, T. D. & Dogo, P. (2019). Effect of Collaborative Learning Approach on Upper Basic Two
Students’ Interest in Geometry in Pankshin Education Zone. The Proceedings of Annual
National Conference of the Mathematical Association of Nigeria. 43(23); 444-451

Josiah, O. & Etuk-Iren, O. A. (2014). Effect of Gender, Age and Mathematics Anxiety on
College Students. Achievement in Algebra. American Journal of Educational Research |
2(7),474-476

Kanimozhi, p. & Ganesan, P. (2017). Reasoning Ability among higher secondary students.
International Journal of Research Granthaalayah, 5(6), 471-475.

Karen, L. F. (2012). Patterns of interaction and mathematical Thinking of High School Students
in Classroom Environment that Use of Javo-based, Curriculum-Embedded Software.
Western Michigan University Scholar Work at WMU.

Kurumeh, M. S. & Dogo, B. (2015). Teaching Algebra in Nigeria Senior Secondary Schools for
Human Development through Two Models of Lesson Study. Proceedings of 54" Annual
Conference [Education science].

Mikrayanti, F. (2016). Meningkatkan Kemampuan Penalaran Matematis Melalui Pembelajaran
berbasis Masalah. Suska Journal of Mathematics Education. 2(2),97-102

Mukati, V. (2016). How Coordinate Geometry works in real space, Five practical examples.
Retrieved from: http: blogaskitanscom/coord-geometry-pub-spree
Nworgu, B.G. (2015). Educational research Basic issues and methodology. Nsukka
University Trust Publishers.

Olaleye, K. (2015). Mass failure in mathematics a nation disaster. Retrieved on 8 October, 2014

from http.www.tribune.com.nig.

Petti, W (2015). What is Math? Education World.

161

LIRS o B<ss: & CINEFORUM



CINEFORUM
ISSN: 0009-7039
Vol. 65. No. 3, 2025

Pournara, C., Mpofu, S. & Saunders, Y. (2013). The Grade 9 Maths ANA-What Can We See
After Three Years? Learning and Teaching Mathematical, No.18, pp. 34. Retrieved
from http://www.dissertationrecipes.com/wp-content/uploads/2011/04/Ex-Post Facto

research. pdf.
Rizki, H. T. N., Frentika, D., & Wijaya, A (2018). Exploring students’ adaptive reasoning skills
and van Hiele levels of geometric thinking: a case study in geometry.
https://doi.org/10.1088/1742-6596/983/1/012148
Sherax, P. (2014). Impact of Mathematics Curriculum Guide on the Performance of Students at
Upper Basic Level in Kaduna State. Nigeria M.Ed Thesis unpublished.
Simon, M., & Goes, J. (2013). Dissertation and scholarly research: Recipes for success.
Taha, A. N. (2015). The Effect of Teaching on the Ordinary and Computerized Van Hiele
Model in Geometric Thinking and Problem Solving among Geometric Students.

Telima, A. (2014). Problems of teaching and learning of geometry in secondary schools in River
State, Nigeria. International Journal of Emerging Sciences, 1(2); 143-152

Wahyuni, E. S. & Hadi, A. F. (2019). Profile of the student’s mathematical reasoning ability in
solving geometry problem. Department of Mathematics Education, Faculty of Teacher
Training and Education, University of Jember, Indonesia.

Wale, A. (2015). Chief Examiner’s Report of West African Examination Council, May/June
Examination, Plateau State.

Zalmon, 1.G. & Wonu, N. (2017). Comparative Analysis of Students Mathematics Achievement
in WASSCE in Nigeria, European Journal of Research and Reflection in Education
Services 5(1), 2056-5852.

162

@ " © CINEFORUM



