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Abstract

Purpose: Questioning, discovering, generalizing, verifying, and disproving are fundamental aspects of geometry teaching. As
seen, the inquiry is at the geometry’s core. According to this, inquiry learning toward geometry is a student-centered learning
process that allows the student to construct geometric information and to create permanent learning by actively using
inquiring skills such as hypothesizing, proving, and disproving in the geometry learning process. To see this process in detail,
the purpose of this study is to examine middle-schoolers’ levels of inquiry learning skills toward geometry, as well as their
relationship to various variables.

Design/Methodology/Approach: In the survey model, 312 middle school students participated in the study. Data were
collected using the Inquiry Learning Skills Scale for Geometry and Demographic Information Form.

Findings: It has been determined that middle-schoolers have a high level of inquiry learning skills toward geometry. As a
result, inquiry learning skills toward geometry were found to significantly differ by gender, father’s educational status, year-
end achievement score, asking questions, using materials in the lesson, and associating geometry with daily life. However,
there was no significant difference between these skills and the grade level and mother’s education status.

Highlights: By using concrete abstract materials or models related to daily life in lessons, teachers can attract students’
interest, arouse curiosity in students, and encourage students to use and develop their inquiry learning skills. In addition to
educational activities at school, parents can contribute to the development of certain skills such as observation and
questioning by creating opportunities for their children to participate in scientific activities at home or in their social
environment and exposing them to different stimuli.

0z

Calismanin Amaci: Geometri 6gretiminin temel unsurlan arasinda; sorgulama, kesfetme, genelleme, dogrulama ve aksini
ispatlama yer almaktadir. Goruldugu gibi sorgulama geometrinin 6ziindedir. Bu 6ze gore geometriye yonelik sorgulayic
6grenme, 0grencinin geometri 6grenme siirecinde hipotez kurma, ispatlama ve aksini ispatlama gibi sorgulama becerilerini
aktif bir sekilde kullanarak geometrik bilgileri zihinde yapilandirmasina ve kalici 6grenmeler olusturmasina olanak saglayan
6grenci merkezli bir 6grenme sirecidir. Bu sureci detayl olarak gorebilmek adina bu galismada, ortaokul 6grencilerinin
geometriye yonelik sorgulayici 6grenme beceri dizeylerinin belirlenmesi ve bu becerilerin gesitli degiskenler agisindan
incelenmesi amaglanmistir.

Materyal ve Yontem: Calisma genel tarama modelinde 312 ortaokul 6grencisi ile yrttilmustur. Veriler, Geometriye Yonelik
Sorgulayici Ogrenme Becerileri Olgegi ve Demografik Bilgi Formu ile toplanmistir.

Bulgular: Sonugta; ortaokul 6grencilerinin geometriye yonelik yiksek diizeyde sorgulayici 6grenme becerilerine sahip
olduklari belirlenmistir. Geometriye yonelik sorgulayici 6grenme becerileri ile cinsiyet, baba egitim durumu, yilsonu basari
puani, soru sorma, materyal kullanimi ve glnlik yasamla iliskilendirme arasinda anlaml bir farkin oldugu sonucu elde
edilirken bu beceriler ile sinif seviyesi ve anne egitim durumu arasinda anlamli bir fark yoktur.

Onemli Vurgular: Ogretmenler derslerde somut-soyut materyaller ya da giinliik yasamla ilgili modeller kullanarak égrencilerin
ilgilerini cekebilir, 6grencide merak uyandirabilir ve bu sayede 6grencileri sorgulayici 6grenme becerilerini kullanmaya ve
gelistirmeye tesvik edebilir. Okuldaki egitim-6gretim faaliyetlerinin yani sira ebeveynler evde ya da sosyal gevrelerinde
gocuklarinin bilimsel aktivitelere katilmalar igin firsatlar yaratip onlari farkli uyaranlara maruz birakmak yoluyla gézlem
yapma ve soru sorma gibi birtakim becerilerinin gelisimine katkida bulunabilir.
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INTRODUCTION

Geometry explicitly or implicitly includes a seeing process, which includes several stages that start with physical-neural skills
and continue with higher cognitive skills (such as conceptual thinking, reasoning, deduction, and inference) (Gal & Linchevski,
2010). In the curriculum published by the Ministry of National Education (MoNE) for the mathematics course for teaching these
few stages, it is emphasized that students are active participants in the mathematics learning process (MoNE, 2018a). The
reason for this is that geometry is excluded from mathematics courses in schools in our country and is taught as a separate
course. Similarly, it is urgently recommended that the traditional geometry teaching model be changed to one that is more
beneficial for teachers and students. Specifically, it is recommended to provide opportunities to explore geometry to enable
students to understand the subject in depth and in connection with other areas of mathematics (Mensah-Wonkyi & Adu, 2016).
In the geometry learning process, it should be emphasized that students are directed to produce hypotheses, conduct
experiments, and obtain results to answer the hypothesis (Salim & Tiawa, 2015). Moreover, questioning, discovering,
generalizing, verifying, and proving the contrary are essential elements in the study and teaching of Euclidean geometry
(Soldano et al., 2019). As it can be seen, since questioning is at the core of geometry, inquiry learning should be focused on in
geometry teaching. Studies in the literature emphasize the effect of inquiry learning on learning mathematics and geometry
(Erbas & Yenmez, 2011; Ferguson, 2010; Kandil & Isiksal-Bostan, 2019; Katranci & Sengtl, 2020; Novdk & Novakova, 2014).
Mensah-Wonkyi and Adu (2016), on the other hand, emphasized the importance of the inquiry learning strategy for students,
stating that students who learn by questioning are more successful than those who memorize. Inquiry prompts students to think
and gets them used to asking themselves questions. Thus, arousing interest and curiosity in students reveals the importance of
inquiry in learning and teaching (Tanisli, 2013). From this point of view, it is valuable to consider inquiry learning not only as a
teaching strategy but also as a learning strategy. Thus, it is important to investigate students’ inquiry learning skills levels and
under which variables these skills differ. Salim and Tiawa (2015) state that the structured inquiry model supports the active and
creative participation of students in the processes of researching, examining, and developing geometry concepts and principles.
Thus, it is stated that it encourages students to develop intellectual skills in problem-solving. Hardianti et al. (2017) emphasized
that the process-oriented guided inquiry model is one of the learning models that can improve geometric thinking skills. With
this encouragement and emphasis, inquiry learning toward geometry needs to be addressed in detail. In the curriculum and
assessment standards report for school mathematics by the National Council of Teachers Mathematics (NCTM), it is stated that
geometry education at the 5%-8t" grade level connects the processes that start informally in the preschool period to the formal
processes at the 9t-12" grade level (NCTM, 1989). From this point of view, geometry education in middle school, which acts as a
bridge between pre-school and high school education, contains a very critical period for students. In this context, it was
considered important to examine the inquiry learning skills of middle-schoolers toward geometry. With this importance and
necessity, this study focuses on inquiry learning about geometry in the context of various variables.

Inquiry Learning Toward Geometry (ILTG)

Inquiry is a way of thinking and approaching new knowledge (Gillon & Stotter, 2011). In this way, inquiry learning is a
student-centered learning and teaching method (Gengtiirk & Tirkmen, 2007) in which students are introduced to mathematical
and scientific inquiry methods (Maal} & Artigue, 2013). It is considered an integral aspect of problem-solving (Laxman, 2013).
Inquiry learning skills enable students to ask questions and form hypotheses for solutions, design experimental setups to realize
their hypotheses, perform data collection recording steps, analyze the data obtained because of this process, and construct
knowledge themselves (Balim et al., 2008). Through inquiry skills, students are encouraged to recognize problems, make
assumptions, test assumptions, develop proofs or solutions, and explain their ideas in the context of mathematics (Kogan &
Laursen, 2014). Inquiry learning toward geometry can be defined as a student-centered learning process that enables students
to construct geometric knowledge in their minds and create permanent learning by actively using inquiry skills such as
hypothesizing, proving, and disproving in the geometry learning process (Kedikli, 2022). Within the framework of all these
definitions, inquiry learning for geometry is an active learning process in which students construct geometric knowledge in their
minds by questioning geometric knowledge and using various inquiry skills such as hypothesizing and proving. It is thought that
analyzing these skills in the context of various variables will help us understand them better.

Inquiry Learning Toward Geometry and Various Variables

It is usual for inquiry learning skills to be affected positively or negatively by various variables and to affect lifelong learning
(inel-Ekici, 2017). Considering the importance of inquiry learning in mathematics and therefore geometry education and the
importance of inquiry skills in this process, it is important to determine the inquiry learning skills toward geometry and to
determine to what extent they are affected by which variables. Nehring et al. (2015) stated that different personal
characteristics of students may contribute to a higher manifestation of scientific inquiry skills. These variables can be considered
as some demographic characteristics of individuals, such as gender and parental education status. In fact, some studies show
that gender has become a factor affecting students’ learning outcomes in mathematics due to the biological differences
between male and female brains (Erawati, 2020). This situation in mathematics is also valid for geometry at the middle school
level. This is because geometry topics at this level are within the scope of the mathematics course. In addition, it is usual to think
that the individual’s experience of cognitive processes will increase as his/her age progresses and the grade level changes
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accordingly. Eccles (2005), on the other hand, argues that there is a link between the educational level of the parents and the
achievement of the children indirectly through the effect of family income, where the family can live and the occupation of the
parents as possible consequences of this. As stated before, geometry is within the scope of middle school mathematics courses.
In this context, the cognitive and affective processes that students have about geometry can be predicted through mathematics
achievement. It is possible to say that geometry includes inquiry learning skills by its nature. Soldano et al. (2019) also
mentioned that inquiry, discovery, generalization, verification, and refutation are the basic elements of Euclidean geometry. In
this light, it is possible to examine the relationship between students’ mathematics achievement and their inquiry learning skills
toward geometry. On the other hand, inquiry is about asking questions and being curious, and the ability to ask questions is the
basis of inquiry learning (Delcourt & McKinnon, 2011). Inquiry learning is considered by Perry and Richardson (2001) as
searching and analyzing information by asking questions and transforming the collected data into meaningful information. In
this context, it can be assumed that it would not be possible to separate students’ asking questions in the lesson from inquiry
learning skills. On the other hand, the results of the studies show that the use of materials in mathematics lessons enables the
acquisition of skills such as learning by exploring and experimenting as well as geometry achievement, self-efficacy, and attitude
(Baki & Ozpinar, 2007; Demir, 2019; Okuyucu & Erdogan, 2021; Yaman & Sahin, 2014). Enriching mathematics lessons with
various materials (concrete materials, dynamic software, etc.) and associating them with situations from daily life positively
contribute to geometry achievement (Adelabu et al., 2019; Alkhateeb & Al-Duwairi, 2019; Chan & Leung, 2014; Dogan & icel,
2011; Ganesan & Eu, 2020; Glven, 2012; Zengin et al., 2012). It is usual to think that learning environments supported in this
way can motivate a sense of curiosity in students and thus create a tendency to question. In this direction, it is important to
investigate students’ inquiry learning skills toward geometry in the context of differentiation according to the use of materials in
lessons and associating geometry with daily life. The following studies are available in the relevant literature.

Literature Review

Studies examining middle-schoolers, prospective teachers, and teachers’ levels of inquiry skills, as well as the factors that
influence these skills, can be found in the literature (Abali-Oztiirk et al., 2017; Al-Afifi & Ambusaidi, 2014; Aldan-Karademir et al.,
2019; Alkis-Kiiglikaydin, 2020; Balbag & Aynur, 2020; Bedir, 2017; Elmah & Yildiz, 2017; Evren, 2012; Gimisdag & Aydogan,
2020; Isik, 2011; inel-Ekici, 2017; Okumus & Yetkil, 2020; Oner, 2019; Sahin et al., 2017; Vekli, 2021; Yavuz et al., 2018; Yilmaz &
Karamustafaoglu, 2015). In their study, Al-Afifi and Ambusaidi (2014) examined the relationship between the levels of inquiry
and logical thinking skills of 182 tenth-grade students studying in Oman and the gender-related differences among students. The
data of the study were collected using the Inquiry Skills Test. The results show that tenth-grade students have very low levels of
both inquiry skills. In addition, it was found that there was a significant difference in favor of girls in activity and experiment
design skills and in favor of boys in interpretation skills. Gengtiirk and Tidrkmen (2007) stated that the achievement of the
students who were educated with the inquiry method was higher than that of the students who were educated with the
traditional method, and these students were more likely to participate in science lessons. This study aimed to investigate the
inquiry learning skill levels of middle-schoolers toward geometry and to examine these skills according to various variables
(gender, grade-level, mother's (MES) and father’s (FES) education status, year-end mathematics achievement score (MAS),
asking questions in lessons, and using materials in mathematics lessons). The sub-problems sought to be answered in line with
the aim of the study are as follows:

1. What is the level of middle-schoolers’ inquiry-learning skills toward geometry?
2. Do middle-schoolers’ inquiry learning skills toward geometry differ in terms of various variables (gender, grade level,
parental education levels, year-end mathematics achievement score, asking questions in lessons, and using materials)?

METHOD/MATERIALS

Survey research is the description of situations, events, or variables in nature without any external intervention (Tuncer,
2020). In this type of research, the researcher collects data to determine certain characteristics (attitudes, ideas, etc.) of a
universe. In this context, the survey research describes, defines, and reveals what is what and generalizations are made for the
universe (Hocaoglu & Akkas-Baysal, 2019). This study was conducted using the survey model in line with its purpose.

Participants

Convenient sampling, a type of purposive sampling, was used to determine the group that would be included in the study. In
this sampling, the researcher takes the sampling elements that he/she can easily reach (Ozen & Giil, 2007). The participants
consisted of middle-schoolers studying in three different public schools in the province where one of the researchers was
working. 26.28% (N=82), 25.96% (N=81), 25.00% (N=78), and 22.75% (N=71) of the students were studying in the fifth, sixth,
seventh, and eighth grades, respectively. In addition, 49.35% (N=154) of the students were female and 50.64% (N=158) were
male. Therefore, 312 middle-schoolers participated in the study.

Data Collection Tools and Obtaining Data

Data for this research were collected using the Inquiry Learning Skills Scale for Geometry (ILSSG) and the Demographic
Information Form (DIF). The DIF includes questions about students’ gender, grade level, parental education status, year-end
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mathematics achievement scores, their questioning in mathematics lessons, the effect of using materials in mathematics
lessons, and associating geometry with daily life on their questioning (yes/no). The data collected through this form constitute
the independent variables in determining middle-schoolers’ inquiry learning skills toward geometry.

The ILSSG developed by Kedikli and Katranci (2022) is organized in a five-point Likert type and includes 12 items. The scale
consists of two factors: positive perceptions toward inquiry (PTl+) and negative perceptions toward inquiry (PTI-). Cronbach’s
alpha (CA) coefficients for the factors and the whole scale are 0.785, 0.635, and 0.818, respectively. In cases where a scale
developed in a previous study is used, repeating the confirmatory factor analysis (CFA) is recommended (Organ, 2018). In this
context, CFA was repeated in this study, and CA coefficients were calculated. When the findings of the CFA were analyzed, the
X2/df ratio (1.80<2.50), NFI value (0.92>0.90), NNFI value (0.9520.95), and CFl value (0.96>0.95) is interpreted as excellent fit
(Kline, 2005; Stimer, 2000; Thompson, 2004). The RMSEA value (0.05<0.07), RMR value (0.07<0.08) and SRMR value (0.05<0.08)
indicate good fit (Brown, 2006; Steiger, 2007). Based on the CFA findings, it was proved that the scale showed good/excellent fit,
and the factors of the scale were confirmed for this study. CA coefficients of the scale were calculated as 0.726, 0.631, and 0.756
for the factors and the whole scale, respectively. In this context, the scale was proven to be highly valid and reliable (Yildiz &
Uzunsakal, 2018), and it was decided that it was appropriate to use it for this study.

The data of this research were obtained in the 2020-2021 academic year, between the first and third weeks of March, using
ILSSG and DIF during a class hour (30') deemed appropriate for pandemic conditions. In this framework, data were collected
from 442 middle-schoolers studying in three different public middle schools. After the data were collected, 130 scales that were
left unanswered, incompletely filled, or randomly marked were not included in the study in order not to negatively affect the
validity and reliability of the data.

Data Analysis

The IBM SPSS Statistics 20 package program was used in the data analysis process, and the significance level was set as 0.05.
The mean scores of the students from The ILSSG were evaluated as 1.00-1.80 very weak, 1.81-2.60 weak, 2.61-3.40 medium,
3.41-4.20 high, and 4.21-5.00 very high according to the range they were in. The normality of the data was examined with the
Kolmogorov-Smirnov test because the dataset was more than 50 (p=0.004<.05) and it was decided to continue the study with
nonparametric tests. In this context, the Mann Whitney-U (MW-U) test was conducted to investigate the difference between
the measurement results of two unrelated groups, including gender, the effect of asking questions in mathematics lessons, the
use of materials in mathematics lessons, and the effect of associating geometry with daily life on asking questions (Kilmen,
2015). In the analyses performed for the variables of grade level, parental education status, and year-end mathematics
achievement score, the Kruskal Wallis-H (KW-H) test was used to determine whether there was a significant difference between
the measurement results of more than two unrelated groups. In case of a difference in the tests, effect sizes were calculated. In
the interpretation of the calculated effect sizes, r=0.1 was considered as low, r=0.3 as medium and r=0.5 as large (Cohen, 1988;
quoted from Kilmen, 2015).

FINDINGS

The data obtained because of the analyses conducted to determine the level of inquiry learning skills of middle-schoolers
toward geometry are shown in Table 1.

Table 1. ILSTG levels

N X df Min. Max.
PTI+ 312 3.74 0.6 1.67 5.00
PTI- 312 3.68 0.7 1.60 5.00
ILSSG 312 3.69 0.6 1.83 5.00

The mean score of middle-schoolers’ inquiry learning skills toward geometry is 3.69, as shown in Table 1. It is noted that the
mean PTI+ factor score is 3.74, whereas the mean PTI- factor score is 3.68. Table 2 shows the MW-U test findings regarding the
gender differential of middle-schoolers’ inquiry learning skills toward geometry.

Table 2. ILSTG and gender

Gender N Mean Rank Total Rank U z p
PTi I\FA 123 112:;2 ;gggégg 9995.500 -2.735 006
P ; 15 18389 2831050 7047500 5314 000
ILSSG ,5' 1?3 12;;; ;ggiiig 8351.500 -4.793 .000

According to Table 2, inquiry learning skills toward geometry, both in the factors and in the whole scale, differ significantly
according to gender. The mean ranks of female students are higher both in the whole scale and in the factors. When the effect
size of this difference was analyzed, it was seen that gender had a moderate effect on inquiry learning skills toward geometry
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(p<.05; r=0.27<0.30). In Table 3, the results of the KW-H test are shown in relation to the differentiation of middle schoolers’
inquiry learning skills toward geometry by grade level.

Table 3. ILSTG and grade level

Grade Level N Mean Rank df X2 p
5 82 189.26
6 81 164.37
+ . .

PTI 7 78 14253 3 22.104 000
8 71 125.04
5 82 174.35
6 81 162.23

PTI- 7 78 14223 3 6.685 .083
8 71 145.02
5 82 185.52
6 81 164.11

ILSSG - 78 140.92 3 16.910 .001
8 71 131.42

According to Table 3, the PTI+ factor and the whole scale varied significantly according to the grade level of middle schoolers.
Rank averages revealed that fifth grade students had the highest scores in both factors and the whole scale. When the effect
size of the difference in the overall scale was examined, it was determined that the grade level variable affected the inquiry
learning skills toward geometry at a moderate level (p<.05; r=0.22<0.30). The KW-H test was used to test whether middle-
schoolers’ inquiry learning skills toward geometry differed in terms of their MES. The findings are presented in Table 4.

Table 4. ILSTG and MES

MES N Mean Rank df X2 p
llliterate 14 161.57
Primary School (PS) 108 157.25
PTI+ Middle School (MS) 120 147.42 4 4.095 .393
High School (HS) 59 175.11
University 11 142.00
llliterate 14 185.68
PS 108 160.62
PTI- MS 120 138.35 4 9.936 .042
HS 59 173.14
University 11 187.68
llliterate 14 184.29
PS 108 156.90
ILSSG MS 120 142.59 4 7.308 121
HS 59 177.20
University 11 157.86

Table 4 shows that middle-schoolers’ positive perceptions toward inquiry and their inquiry learning skills toward geometry
do not differ in terms of their MES. However, there is a difference in the PTI- factor according to the MES. The effect of this
difference was found to be quite low (p<.05; r=0.004<0.10). The findings regarding the examination of middle-schoolers’ inquiry
learning skills toward geometry in the context of FES are shown in Table 5.

Table 5. ILSTG and FES

FES N Mean Rank df X2 p
Illiterate 3 115.50
PS 64 154.93
PTI+ MS 109 134.40 4 13.663 .008
HS 103 174.36
University 33 180.52
Illiterate 3 191.33
PS 64 149.69
PTI- MS 109 144.89 4 10.980 .027
HS 103 157.53
University 33 201.67
Illiterate 3 163.50
PS 64 154.96
ILSSG MS 109 135.65 4 13.231 .010
HS 103 167.06
University 33 194.76
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According to Table 5, it is seen that middle-schoolers’ inquiry learning skills toward geometry differ in both factors and the
whole scale according to their father’s education status. According to the mean ranks, the students with the highest mean ranks
in both factors and in the whole scale are the children of university graduate fathers. The effect of the difference obtained was
determined to be at a low level (p<.05; r=0.13<0.30). The test findings obtained according to the year-end mathematics
achievement score of middle-schoolers’ inquiry learning skills toward geometry are given in Table 6.

Table 6. ILSTG and MAS

MAS N Mean Rank df X2 p

55-69 73 129.55

PTI+ 70-84 90 135.46 2 23.888 .000
85-100 149 182.41
55-69 73 126.62

PTI- 70-84 90 141.85 2 20.633 .000
85-100 149 179.99
55-69 73 123.79

ILSSG 70-84 90 133.67 2 31.695 .000
85-100 149 186.31

According to Table 6, middle-schoolers’ inquiry learning skills toward geometry differ significantly on the whole scale and in
both factors. According to the rank averages, the group with the highest score was the students whose year-end mathematics
achievement score was between 85 and 100. The effect of this difference was found to be significant (p=<.05; r=0.308<0.50).
The findings obtained according to the inquiry learning skills of middle-schoolers toward geometry in terms of asking questions
in lessons are presented in Table 7.

Table 7. ILSTG and asking questions during lessons

Asking questions N Mean Rank Total Rank U z p
PTI+ Leos igg 122:?1) ijg;i’:gg 8735.500 2,717 007
PTI- L‘f‘ igg iggf’é iig;é:gg 8900.000 -2.496 013
ILSSG Kfj igg ig§:§2 i:gzgg 8318.500 -3.266 001

When Table 7 is analyzed, it is seen that according to the answers given by middle-schoolers, their positive-negative
perceptions toward inquiry and their inquiry learning skills toward geometry differed significantly in the context of asking
questions in the lessons. The effect of this difference was found to be at a low level (p<.05; r=0.18<0.30). In addition, the mean
ranks of the students who stated that they asked questions were higher. The findings related to the differentiation level of
middle-schoolers’ inquiry learning skills toward geometry according to whether their teachers use materials in mathematics
lessons are shown in Table 8.

Table 8. ILSTG and the use of materials in mathematics lessons

Use of Materials N Mean Rank Total Rank U z p
PTI+ Lis ;8; iig:gg ;gggg:gg 8322.500 -3.270 001
PTI- L‘:‘ ;g: ﬂég; ;gﬁg::gg 8583.500 -2.920 004
ILSSG Lis ;8; iig:ig ;gggg:gg 8045.500 -3.631 000

When Table 8 is analyzed, it was found that the positive-negative perceptions of the middle-schoolers toward inquiry and
their inquiry learning skills toward geometry differed significantly according to their teachers’ use of materials in the lessons.
The effect of the difference obtained for the overall scale was found to be at a moderate level (p<.05; r=0.20<0.30). According to
the rank averages, the scores of the students who stated that they asked more questions when materials were used in the
lessons were higher. The findings related to the determination of whether the inquiry learning skills of middle-schoolers toward
geometry differ according to the association of geometry with daily life are shown in Table 9.

Table 9. ILSTG and associating geometry with daily life

Association N Mean Rank Total Rank U z p
PTI+ Leos 122 Szgg Z;’g;gg 8202.500 -4.963 .000
PTI- L’f 122 ﬂg:;g ;:Z(Z:gg 9591.000 -3.210 001
ILSSG Lis 122 ﬁ;:zg Zgié:gg 8216.000 -4.932 000
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According to Table 9, the answers of middle-schoolers show that their positive-negative perceptions of inquiry and their
inquiry learning skills of geometry differ significantly according to whether geometry is associated with daily life in the lessons.
On the other hand, when the rank averages are analyzed, the scores of the students who stated that they asked more questions
when geometry was associated with daily life in the lessons were higher. Associating lessons with daily life has a moderate effect
(p<.05 r=0.27<0.30) on inquiry learning skills toward geometry.

RESULT and DISCUSSION

Because of the analyses, middle-schoolers’ inquiry learning skills toward geometry were found to be at a high level. When
the literature was examined, no results were encountered regarding the inquiry learning skill levels of middle-schoolers toward
geometry. However, Aldan-Karademir et al. (2019) found that the inquiry skills of prospective teachers studying in various
programs were above the medium level. Tanisl (2013) examined the inquiry skills of prospective elementary mathematics
teachers and pointed out that they were not at a sufficient level. In the literature, the results of studies with prospective
teachers show that inquiry skills are good/high level and positive (Abali-Oztiirk et al., 2017; Balbag & Aynur, 2020; Bedir, 2017;
Sahin et al., 2017; Yavuz et al., 2018; Yilmaz & Karamustafaoglu, 2015). Katranci and Sengil (2020) concluded that middle-
schoolers’ inquiry learning skills toward mathematics were high. It is a remarkable result that inquiry skills and inquiry learning
skills were evaluated as moderate/good/high/sufficient in studies in the literature although the samples of these vary. In this
context, it can be interpreted that the relevant results of this study support the literature. In addition, in most studies, inquiry
skills were examined in the context of prospective teachers and in the field of science. However, it is important to consider
inquiry learning not only as a teaching strategy in the field of science but also as a geometry learning strategy. In addition, it is
obvious that there is a lack of exemplary studies in the literature on geometry. In this context, in terms of discussing the results
and contributing to the literature and considering the possibility that today’s students are the teacher candidates of the future,
it is thought that it is important to diversify the studies and to take measures in line with the results. On the other hand,
although students’ inquiry learning skills toward geometry were found to be high in this study, the results of our country’s large-
scale international exams, PISA (Programme for International Student Assessment) and TIMSS (Trends in International
Mathematics and Science Study), as well as the High School Transition System (LGS) exam in mathematics are not very
encouraging (MoNE, 2015; 2019; 2020). This may be because the results regarding inquiry learning skills for geometry were
obtained from students’ own perceptions.

It was found that middle-schoolers’ inquiry learning skills toward geometry differed significantly in favor of female students.
When the related literature is examined, it is encountered with studies in which results are obtained that gender variable has no
effect on inquiry learning skills (Abal-Oztiirk et al., 2017; Evren, 2012; Oner, 2019; Sahin et al., 2017; Yilmaz & Karamustafaoglu,
2015). In addition to these studies, there are studies in which inquiry/inquiry learning skills differ according to gender. The
results of these studies also vary. In some related studies, it was concluded that the significant difference was in favor of girls
(Balbag & Aynur, 2020; Cakmak et al., 2016; Giimiisdag & Aydogan, 2020; Isik, 2011; inel-Ekici, 2017; Katranci & Sengiil, 2020;
Vekli, 2021). However, although there are some studies, results in favor of men have also been obtained in some studies. For
example, Nehring et al. (2015) reported that boys performed better than girls in the inquiry. In a significant part of the studies
conducted with prospective teachers in the literature, it is noteworthy that the inquiry skills of female prospective teachers are
higher than those of male prospective teachers. This result was also found in studies conducted with middle school students.
This shows that the related results of this study are supported by the literature. In addition, this result coincides with the results
of studies examining the relationship between gender and different variables in geometry (Armstrong, 1981; Ozcan, 2020).
Gumiusdag and Aydogan (2020) stated that because of the more active participation of female students in the learning process,
they can work in harmony with each other, communicate well with their teachers, and they think that this situation leads to
their perception of inquiry skills more than male students. In addition, it can be thought that female students are more
interested and curious about the lessons; their attitudes differ from those of male students; therefore, their perceptions of
inquiry learning skills are higher than those of male students. It was observed that as the grade level increased, middle-
schoolers’ positive perceptions toward inquiry and their inquiry learning skills toward geometry decreased. When the related
literature is examined, it is noticed that there are studies that do not overlap with the results of this study and that the results
that inquiry/inquiry learning skills do not differ significantly based on class variable (Elmal & Yildiz, 2017; Oner, 2019; Yilmaz &
Karamustafaoglu, 2015). However, on the contrary, it can be said that the number of studies containing the results that these
skills differ significantly depending on the grade level is higher (Aldan-Karademir et al., 2019; Balbag & Aynur, 2020; Bedir, 2017;
Istk, 2011; inel-Ekici, 2017; Okumus & Yetkil, 2020; Sahin et al., 2017). It can be said that the results of the studies conducted
with middle-schoolers (Isik, 2011; Katranci & Sengiil, 2020; Okumus & Yetkil, 2020) are in parallel with the result of this study
regarding the decrease in inquiry learning skills as the grade level increases. Dogan et al. (2020) stated in their study that the
development of understanding toward scientific inquiry starts in primary school years. In this direction, it can be said that the
fact that there is no difference according to grade level shows that the education given to students in middle schools does not
contribute to their inquiry learning skills. Vekli (2021) listed three factors that may have caused this result. The first is the
complexity of the subjects, which depends on the grade level and the difficulty of students in questioning abstract concepts.
Second, due to the complexity of the subjects, inquiry-based activities are less included in the learning process. Third, it is
summarized as students spending time on multiple-choice test-type questions rather than on inquiry-based activities such as
experiments and research. At this point, it can be said that the students’ sense of curiosity diminished as they got older during
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middle school education. Various interpretations can be made, such as that this feeling is not supported by teachers or that the
system blunts the tendency toward inquiry in students. To investigate the reasons underlying this situation and to take the
necessary measures, more comprehensive studies, especially qualitative and quantitative studies, can be conducted in a mixed
design. It can be conducted with students selected from different grade levels, and the variables that cause this result can be
analyzed to contribute to the literature.

There was a difference in the PTI- factor of middle-schoolers between students whose mothers graduated from middle
school and high school, with the difference favoring students whose mothers’ education status was high school. In addition, a
significant difference was found in the whole scale and factors according to the father’s education status. In the literature, it is
seen that Aldan-Karademir (2013) found no significant difference in the inquiry skills of prospective teachers in terms of the
mother’s education status. According to the father’s education status, there was no difference in the sub-dimensions of
acquiring knowledge and controlling knowledge, but there was a difference in the sub-dimension of self-confidence. It is a result
obtained in the studies in the literature that inquiry skills do not differ in terms of parents’ education status (Balbag & Aynur,
2020; Gakmak et al., 2016). On the other hand, results have also shown that these skills change according to the educational
level of the parents (inel-Ekici, 2017; Vekli, 2021). The results of this study coincide with those of the studies in which differences
were obtained. It is usual for students’ attitudes, achievement, self-efficacy, and similar situations to differ according to their
parents’ educational level. In the studies, it is seen that a father’s educational level causes a statistically significant difference
(Kaba et al., 2016; Kaba & Ozdisci, 2018). This may be because parents with a higher level of education approach their children
more consciously or support their tendency to ask questions/inquiry in daily life. In this context, it is important for parents to be
interested in their children’s educational activities regardless of their educational level.

It is among the results reached in the literature that inquiry skills vary according to academic achievement (Cakmak et al.,
2016; inel-Ekici, 2017; Katranci & Sengiil, 2020; Vekli, 2021). In this context, the results of the studies are parallel to the relevant
result of this study. Nehring et al. (2015) stated that cognitive variables play an important role in predicting inquiry skills.
Furthermore, research in the literature has revealed a positive relationship between inquiry learning and academic achievement
(Abdi, 2014; Korkman & Metin, 2021; Uzezi & Zainab, 2017). Based on the results of the studies, it can be said that inquiry
learning increases student achievement. In this context, the ability of students who gain inquiry learning skills in the inquiry
learning process to use these skills effectively may have enabled them to learn better and increase their success. Katranci and
Sengiil (2020) also considered this situation of students with high academic achievement as a natural consequence of the fact
that their levels of conceptual learning and making connections between concepts are superior to other students in the context
of problem-solving and evaluating the results. In addition, Almeida (2012) mentioned that students’ low levels of inquiry and
explanation are associated with low achievement.

It was observed that the inquiry learning skills of middle-schoolers differed significantly according to their level of
guestioning. It was noticed that the mean scores of the students who stated that they asked questions in the lessons were
higher. Students’ ability to ask inquiring questions to their teachers will enable them to be active learners and increase their
academic success. Questions are seen as the essence of inquiry-based learning and are considered to be at the center of the
general learning process (Becker, 2000). In this context, it can be accepted that students who express that they ask more
questions have high inquiry learning skills. It can be thought that students’ endeavor to obtain information by asking questions
when they are confused or curious about learning improves their inquiry learning skills. Kazeni et al. (2018) emphasized that low
performance in questions related to inquiry skills indicates that students lack high-level thinking skills. In this context, it can be
said that this statement can explain the high level of inquiry learning skills of students who stated that they asked questions.
Kong (2015) suggests that students should be exposed to inquiry-based assessment questions more frequently to experience the
process of scientific inquiry more naturally. On the other hand, Kazeni et al. (2018) stated that the use of ineffective teaching
and learning methods may partially explain the low performance in questions related to inquiry skills. In parallel, Van Zee et al.
(2001) found that students asked more questions in a classroom environment where inquiry-based activities were included.
From this perspective, it is predicted that exposing students to inquiry-based activities or questions in the lessons will be useful
in developing inquiry learning skills.

Middle-schoolers’ asking questions differed significantly according to the use of materials in the lessons. inan (2006) stated
that mathematics teaching with traditional methods is aimed at helping students find answers to questions with a single
predetermined correct answer. In addition, it is claimed that a narrow and closed environment is presented while investigating
the solutions to the questions. On the other hand, it is stated that instructional materials provide students with open and
enquiring environments and thus provide the opportunity to work freely. In this case, it can be considered that the lessons
supported by the materials attracted the attention of the students who were bored with the monotonous lesson environment
and that the students were exposed to different stimuli in these environments. In addition, it can be thought that they can be
more flexible; in some cases, they can try to make sense of the material and thus ask more questions. For this reason, it can be
said that students use inquiry learning skills more frequently in lessons where materials are used. Tang et al. (2019) stated that
inquiry-based teaching strategies require students to actively use experimental materials and associate new knowledge with
their daily lives outside school. It is assumed that students’ inquiry skills can be increased by using materials in lessons.

The findings show that middle-schoolers’ inquiry learning skills toward geometry differ significantly depending on whether
geometry is associated with daily life in the courses. It is possible to say that associating geometry, which consists of abstract
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concepts, with daily life arouses a sense of connection, desire to understand, and curiosity in students, and this situation creates
the urge to ask questions in students. MoNE (2018b) also states that the most important power that encourages individuals to
learn is the sense of curiosity. As the variety of associations with daily life increases during the lesson, it can be thought that the
situations that the student needs to construct and associate in his/her mind will increase, and in parallel, inquiry situations may
develop. In this context, it can be accepted that making associations is important for the development of inquiry learning skills.

FUTURE DIRECTIONS

In addition to collecting data with ILSSG, interviews (such as activity-based interviews, semi-structured interviews, etc.) can
be conducted with students to examine their inquiry learning skills toward geometry. The records of the relevant interviews can
be analyzed, and evaluations can be made in the context of content analysis.

To explain the relationship between gender variables and inquiry learning skills, qualitative analyses can be carried out by
conducting studies designed with appropriate methods where qualitative data can be obtained.

To determine the reasons for the negative change in inquiry learning skills depending on the change in grade level and to
determine the variables that cause students to regress in terms of inquiry learning skills, the curriculum, mathematics textbooks,
and even the problem situations and instructions in the textbooks can be examined with an appropriate method such as content
analysis, and a report on the current situation can be presented.

The study can be repeated at different grade levels and with different samples, and by conducting studies enriched with
qualitative methods as well as quantitative approaches, the results related to inquiry learning skills can be diversified and
contributed to the literature to discuss the results and bring new views to the field.

LIMITATIONS AND RECOMMENDATIONS

In this study, in which students’ inquiry learning skills toward geometry were examined, the results were reached by
interpreting the quantitative data obtained from students’ perceptions. This situation can be considered a limitation of the
study. In addition, the study was limited to 442 students who participated in the study. Studies can be conducted with larger
samples.

Recommendations for teachers considering the relevant results of the study
By using concrete-abstract materials or models related to daily life in lessons, teachers can attract students’ interest, arouse
curiosity in students, and thus encourage students to use and develop their inquiry learning skills.

Teachers can encourage other students to ask questions through their attitudes toward students who frequently ask
questions in lessons. In addition, it can be thought that the teacher’s knowledge of the technique of asking questions in the
lessons can be useful in setting an example for the students. In some cases, students can be motivated to think of creative
questions by directing them to ask questions to the class in the role of the teacher.

Recommendations for parents

In addition to educational activities at school, parents can contribute to the development of certain skills such as observation
and questioning by creating opportunities for their children to participate in scientific activities at home or in their social
environment and exposing them to different stimuli.

In addition, parents can make students question the geometric shapes, objects, and concepts they encounter to acquire a
basic level of inquiry skills for learning geometry. For example, awareness can be aroused with concepts from daily life such as
which geometric object a refrigerator is similar to, which geometric shape can be associated with the shape of a pizza, why the
square paper is given that name, or what distinguishes a matchbox from a tennis ball.
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