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Abstract: Technology in higher education is dramatically changing and continuously giving a challenging
time for educators and institutions to provide the same level of innovative contents, environment and interaction
to a digital native generation which is well powered with technology. It has been well observed and recognized
that video lectures technology can have positive impacts on student learning and satisfaction however research
on Mathematics intensive subjects have yet to be fully explored. This exploratory evaluation seeks to examine
students’ experiences and perception on receiving lectures via a digital lecture technology, and to assess using
statistical tools the benefits of those video lectures on student performance in a mathematics intensive subject for
freshman students at the American University of Sharjah, UAE. The concept of introducing rich text format
lecture capture technology in Mathematics subjects (Math for Business and Calculus 2) was rigorously analyzed
on a total sample of more than 300 students over multiple semesters. Both control groups without using any form
of technology and experimental groups with using the proposed technology were compared in terms of student
acceptance and academic performance improvements. Both qualitative and quantitative analyses were used and
the results are very promising. Students saw the added benefits and found the technology very useful.

Keywords: Video lectures, lecture capturing, teaching and learning technology, innovative learning technology,
student performance, mathematics teaching.

Introduction

In recent years, there have been a number of noticeable advancements in lecture delivery including the use of
lecture capture technologies, wireless voting systems, digital tablets in classrooms, mobile applications,
augmented reality tools, and virtual reality among others. Lecture Capture technology includes the recording of
the classrooms or special event activities by using a combination of dedicated software and hardware.
Recordings are stored digitally and available electronically for students or participants to learn, view and observe
at a time convenient to them. Lecture capturing has been there for a while dating back to 1960s where it was
used to record only audio lectures in UK. In 1980, Australian Universities started capturing lectures at a mass
scale and in the 21st contrary Lecture Capture technology comes under a “should-have” category among most
academic institutions. Many institutions around the globe are currently using or adopting the technology and a
lot of research has already been in place on the same topic. Many studies discussed evident benefits of video
lectures on the student’s learning experience in several contexts however different subjects at different academic
levels pose several challenges in preparing and delivering such video lectures and result in different student
acceptance and satisfaction. Many universities have introduced a range of technological services to support
students due to their changing nature in higher education. Students prefer flexibility options, diversity in
delivery, and the opportunity to spare extra time before and after classes. Although many benefits have been
recognized for lecture capture technology but still many lecturer and faculty argue that it could not be the
replacement of the face-to-face learning depending on the subject being delivered and can only be used as an
extra material to help students but not the replacement as in classroom there are many activities in which student
are not able to participate if they don’t attend the class. To analyze some of the existing limitations of lecture
capture, this study focuses on the applicability of video lectures in a technical mathematics subject that covers a
number complex concepts which students have found difficult and its effects on student performance.

To evaluate the effectiveness of our proposed approach, the video lecture technology was adopted with a total of
136 university students enrolled in two major mathematics subjects: s for Business (Math 101) and Calculus 2
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(Math 104) in fall 2016 and spring 2017 respectively. Math 101 covers coordinate systems and graphs, matrices,
linear systems and applications, elementary linear programming, set theory, counting techniques, permutations
and combinations, probability, and mathematics of finance. The subject emphasizes mathematical techniques and
applications. Math 104 covers techniques of integration, hyperbolic functions, improper integrals, arc length,
surface area, infinite series, power series, convergence tests, parameterized curves, polar coordinates, integration
in polar coordinates and complex numbers.

Four sections of the same subjects taught from 2013-2016 by the same instructor covering the same material
with comparable exam difficulty levels were used as a control group. Average GPAs of the students enrolled in
the both the control and experimental groups are usually similar over previous semesters eliminating any
possibility of bias. Mobile devices were adopted to enhance learners' experience, provide immediate access to
information online, and provide enhanced hands-on learning. The empirical results demonstrate that the
experimental condition, 5E mobile inquiry learning, had a positive impact on participants' learning motivation
and scientific inquiry abilities. The rest of this paper is organized as follows. In Section 2, we provide a
comprehensive review of related research work lecture capture technologies research in education. In Section 3,
we provide our research methodology and approach. We present and analyze the results in Section 4 and
conclude this paper in Section 5.

Related Work

Lecture capture technology has been used during the last decade extensively and there have been numerous
research output analyzing both its implications on student attendance and its positive effects on student
performance. Accessing video lectures after attending the lectures has been a norm for both normal students and
also distance learners who do not attend the lectures physically as researched by the authors in (Woo, K. et al.,
2008). In general, students find video lectures very helpful as it gives them better time management beyond the
normal classroom especially for students who might have other off campus responsibilities as discussed in a
number of research papers (Soong et. al, 2006; Williams et. al, 2007; Gosper et. al, 2008). Handicapped students
or students with learning disabilities tend to find video lectures way more useful compared to normal students
since it allows them to go over the lectures during their free time in private settings over and over (Williams,
2006). Also, students who are non-native English speakers find video lectures very helpful and useful especially
if it can be combined with captions or tagged with keywords (Williams et. al, 2007; Leadbeater et al., 2013).
Research on when students usually access the video lectures showed that they usually view lecture recordings
more actively at the early stages of the academic year or semester and their involvement typically decreases
linearly as we progress during the semester (Phillips, R. et al., 2011). Also, students usually see the added
benefits of the video lectures just before major assessments or exams to supplement their written notes or teacher
notes. Regarding the effects of video lectures on student performance or learning experience, there have been
contradictory research results. For example, the authors in (Von Konsky et. al, 2009) discuss the positive usage
of video lectures by top students to combine them with regular class material while (Phillips, R. et al., 2011)
argue that there is a positive correlation between recurrent usage of video lectures and student motivation and
performance. They also pointed out that the decrease in student attendance on campus since they have video
lectures has minimal effect on their performance. On the other hand, there are a number of research work that do
not see the added benefits for video lectures but on the contrary claim that they might even have negative effects
on student learning including the works in (Leadbeater, W. et al., 2013). Overall, most studies agree that
recorded lectures has little to no effect on student attendance (Holbrook et. al, 2009). On the other hand, the
negative effects of video lectures and lecture capture technology in general were highlighted in (Gorissen et. al,
2012). The reasons discussed included normal deteriorations in attendance over an interval, the development of
students’ skills and reliance on technology and not being able to attend due to physical or mental disabilities.
Regarding the percentage of students who would opt to use video lectures if they were available, there have been
a number of research work that confirm that most students at different academic levels would chose video
lectures over normal lectures notes in their course of studies (Inglis et. al, 2011). For example, both the authors
in (Gorissen et. al, 2012) and (Soong et. al, 2006) collected results from surveys of more than 1000 students
across several European universities and found that over 90% reported accessing video lecture recordings
outside of campus and found them to be useful. Also, the authors in (Soong et. al, 2006) also found that video
lectures did not discourage students to attend lectures and on the contrary encouraged them to attend and video
lectures has a positive effect on student performance. There are majority of work conducted on different
academic levels for different subjects and positive correlation between video lectures and academic performance
was noted (Williams et. al, 2007). For example, (Gosper et. al, 2008) showed that about 3/4th of students believe
video lectures helped improve their results, and even more students felt that video lectures made it easier for
them to learn. Also, reduction in anxiety was reported by most students in (Traphagan et. al, 2009). With relation
to studies on specific subjects and the acceptance of the students accordingly, several studies were conducted on
medical students and the effects of video lectures on student performance on their Medical College Admission
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Test (MCAT) results (Leadbeater et al., 2013). The results were not statistically different showing minimum
improvements in using video lecture technology. Also, a survey conducted by the authors in (Owston et. al,
2011) on about 1000 students in a social sciences subject found that the rate of access to recorded lectures was
significantly related to student grades. In depth investigation also found that the more the students access the
video lectures per month, the higher their grades were indicating the positive effects on student performance.
Another subject that was investigated was a freshman and sophomore level Biology subject where the authors in
(Holbrook, et. al, 2009) found that freshman students using video lectures were more expected to miss lectures
than sophomore students.

In a work that resonates with ours, the authors in (Craig et. al, 2009) analyzed the different options that several
sophomore students used to access subject material online over two years. They found that after normal
PowerPoint slides downloads, Rich Media formats (which synchronize Audio with PowerPoint in their online
format) were accessed the most (22%), while whole video lectures which were available to students as well were
accessed the least (10%). A major reason behind that was the perfect alignment of the teacher’s audio to the
slides being presented allowing the students to move at their own pace slide by slide. Some other notable work
includes the work by (Van Zanten et. al, 2012) where they researched students’ inclinations for short summary
audio podcasts and full length video podcasts. They found that audio additions were downloaded more and
students preferred them over normal video lectures. They used the audio formats to remind them of major course
content to review before real exams and major assessments. Students noted that full length video lectures were
sometimes time consuming and could become boring compared to direct access to slides and augmented audio.
To conclude, most researchers agree that students find video lectures to be a useful and helpful and would
probably increase their academic performance if used with conjunction with live lectures. There is an evident
research gap on video lectures or PowerPoint slides augmented with audio on technical mathematical subjects
and the corresponding effects on performance.

Methods
In this research work, we are primarily concerned with the following research questions:

- What are the effects of augmenting PowerPoint slides with teacher’s audio and handwritten notes
recorded during the live lectures on academic performance in Mathematics subjects?
- What are the students’ perception of the video (slides + audio + notes) lectures?

To attempt to answer the above research questions, we applied our proposed technologies on two different
mathematics subjects over the course on one year (experimental group) and compared our results with the
performance of students in previous semesters during the two years before (control group). The experimental
group consisted of 136 students and the classes were equipped with an audio recorded synced with the
interactive screen, installed lecture capture software and a digital stylus. Once the lecture was recorded, the
lecturer built the content to be uploaded on the university’s learning management system. Students were
encouraged to attend the class as a regular face-to-face classroom and they were informed that these lectures will
also be available online for them to review or in case they missed any lectures. During the whole semester the
student behavior, performances as well as technology stability were monitored. In addition to the primary
performance data, a descriptive survey was conducted to measure student satisfaction with the technology after
the first exam and also at the end of the semester. The control groups consisted of the same subject (Math 104)
taught by the same instructor over the last years and the performance of the students in the first midterm was
collected and analyzed. A summary of our sampling size and data collection techniques used for both the
experimental and control groups is summarized in table 1.

Table 1. Data sampling

EXPERIMENTAL TITLE SAMPLE SEMESTER
GROUPS SIZE
MATH 101 | Math for Business 70 Fall 2016
MATH 104 ‘ Calculus 2 66 Spring 2017
\ TOTAL 136
CONTROL TITLE SAMPLE SEMESTER
GROUPS SIZE
Spring 2013,
MATH 104 Calculus 2 ~ 250 2014,2015, Fall
2014
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Data was cleaned involving the removal of blank records. Data was exported to SPSS where quantitative
statistical analysis were conducted to determine whether findings were statistically significant and to find the
associations between different items of the survey, when different items of the survey were cross-tabulated with
the item which pertains to the overall satisfaction of students learning experience while using the proposed
technology. A dedicated team along with instructional and technical staff in the Mathematics department at the
America University of Sharjah, UAE worked on delivering the subject for the experimental groups. All recorded
lectures presented the same experience as in the class. Students were able to see the notes as well as listen to the
high quality audio attached to each slide. An example of what students were able to download and listen to is
depicted in Figure 1.

cccccc

8 \\“’
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B maauMsHL -\'.-At.,aa

TS R tooooo g wwe degosded inu bank
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s 178 balane.

(@) (b)
Figure 1. Snapshot of student view of delivered lecture notes on (A) Math 101 And (B) Math 104 respectively

Results and Findings

Students largely perceived proposed method to be useful in aiding understanding and learning, both during the
course and in preparation for assessment. It particularly helped the students understand lectures and revise
content at their own pace. On-line lectures helped students become familiar with the program’s websites and
web resources and provided an opportunity to practice note-taking. This innovative video lecture was regarded
as a more effective use of time than face-to-face lectures. More specifically, the following results were collected.

A. Reasons Behind Using the Video Lectures

From the data collected from the survey at the end of the semester for Math 101 and after the midterm exam for
math 104, 100% of Math 101 and 66% of Math 104 students indicated that they have watched or downloaded the
video lectures at least once per week during the semester. For those who answered yes, the reasons behind that
was spread between: being absent, helping in better understanding and to review for quizzes or major exams.
Completing class notes was more dominant in Calculus compared to Mathematics for Business and the reasons
behind that is related to the fact that calculus requires technical note taking and the time during lectures might
not be sufficient to complete all note taking. The results for both experimental subjects are shown in Figure 2
and 3.

Reasons for Video Lecture Usages

Math 101

To better Because lwas Tocomplete To review for
understand absent class notes quizzes or
the material exams

40%
30%
20%

10%

0%

H Math 101 Math 104

Figure 2. Reasons for using video lectures in mathematics for business and Calculus 2 respectively
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Number of Times per Week

zero times per week
Three times a week
Twice a week

Once a week

II.I

0% 10% 20% 30% 40% 50%
M Math 104 = Math 101

Figure 3. Number of times per week video lectures were accessed

A. Qualitative Data Collected from Survey
Several parts from the survey requested from the students to explain their answers and what they saw positives
or negatives about the use of the lecture capture technology.

Usefulness: Most students agreed that the technology was very useful and one student mentioned that: “They
helped if we missed an explanation or need it... They give immediate explanation to doubts, and are a nice way
to review for the exams as everything important is mentioned in the videos” Another student explained that: “It
helps people who work at a slower pace... because after a period of time you might forget the material so it
helps you remember. They reinforce the thought explained in class.”

Impact on Understanding: Regarding the impact on course understanding, most students agreed that using the
video lectures has a very positive impact on their understanding of the material and one comment was; “They
cleaned up some information which I found confusing at first...” Another student mentioned: ““I felt | needed a
recap.... They helped me revise my understanding and highlight the important tricks...” Another comment was:
“It’s good because they give a second explanation. They allowed me to solve the questions alone and have
explanation if I got the answer wrong”

Impact on Grade: Most students believed the technology affected their grades positively.One comment was: “it
impacted me a lot, my midterm 2 grades improved after watching the videos” Another comment was: “It
explained some steps that were forgotten and I remembered by watching the videos. They are comprehensive.”
One notable comment was also: ‘I failed exam 1 because I didn’t watch the videos and got a passing grade for
exam 2 because | watched the videos... solving the examples in the videos was a good practice...Small details
are being explained...”

Major Features: When asked about what major features that they liked about the technology, some interesting
comments from the students were:

“They explain the material thoroughly.

That was easier to focus, since you can pause and replay until you understand the concept

They are simple and easy to understand

It was like being in class, but you got to repeat it

They are clear and contain all the exact material. They were like a normal class

1t is like attending a class all over again.”

A. Quantitative Data Collected from Survey

In this section, we use the control group of more than four hundred students to analyze the effects of the
introduced lecture capture technology on the experimental group enrolled in Calculus 2 in spring 2017 after the
midterm exam results were collected. Table 2 summarizes the data collected on midterm performance for the
different groups:
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Table 2. Summary of exam grades

SEMESTER NUMBER OF MIDTERM STANDARD DEVIATION
STUDENTS AVERAGE

SPRING 32 68% 20.1923077

2013

SPRING 66 66% 19.2857143

2014

FALL 2014 46 68% 18.5714286

SPRING 58 71% 20

2015

SPRING 66 79% 17.3333333

2017

As shown in Figure 4, there is a very notable increase in performance after lecture capture technology was
introduced in Spring 2017 compared to other semesters without using such technology. All the students took
these courses exactly at the same time during their study and were taught by the same instructor, with the same
books, and in the same format. Grade-point average (GPA) and number of course credits should be compared for
the groups at the time of graduation in future studies. There was no statistical difference between the groups,
suggesting that the groups were very similar in background and ability prior to the Calculus course.

Midterm Exam Average
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Figure 4. Performance results in midterm 1 in four semesters without using technology compared to Spring 2017
where lecture capture was used

Preforming a one-way ANOVA test results in the following summary data:

ss df MS F p

Between: 6,571.164 4 1,642.791 4.695 0.001

Within: 92,030.000 263 349,924
Total: 98,601.164 267

At 95% confidence level, we have sufficient evidence to prove that there is a major difference in the means and
using technology in spring 2017 resulted in notable increase in exam performance.

A. Teacher Evaluations

Another analysis that were collected is teacher evaluations conducted at the end of the semester. The results are
useful to compare the Instructors performance compared to the mathematics department faculty and also to the
university as a whole. As can be seen in Table 3 and Figure 5, the instructor results were very positive and the
subject evaluations were considerably higher than the rest of the department and also the university. Analysis of
the same instructors’ evaluations over previous semesters where technology of lecture capture was not used
showed notable increase when technology was used in teacher’s evaluation.
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Table 3. Teacher evaluations

Audi, Diana M --- Survey Comparisons ---

g:i;fg:;eﬁz,::w'w Responses individual MTH All

sA[A|N|D SD| N |Mean|Med Mode 32‘1 N |Mean| Pl N |Mean P%t
Q1 | The course was well organised 18|19 |0/1| 0 |28| 457 5 5 .68 |25K| 420 84 (11K | 427 | 76
Q2 | The course objectives were carefully and clearly defined 1719 |1|1| 0 |28| 450 5 5 73 |25K| 419 | 79 |11K| 429 | 70
Q3 | The course grading scheme was clearly defined 1915|2/2| 0|28 4.46 5 5 91 |25K| 422 | 79 |11K| 429 | 71
Q4 I:Ertse;xlbo(:‘c:zﬁ) and supplemented material were useful to your understanding of the 1111140101 28] 407 | 4 45 1 25k| 394 66 |11K 400 57
Qs ;I'h:esaus;iegcntmems and reading material were helpful in improving your understanding of 13/10]4/1 0 |28| 425 | 4 5 83 |25K| 401 68 |11K | 412 | 61
Q6 | The classroom interaction helped you learn and understand the material 168 |1/3| 0 28| 432 5 5 .97 |25K| 399 | 76 |11K| 4.18 | 55
Q7 | The course made you want to learn more about the subject 0|8(8/1|1 |28/389 | 4 5 |1.05/25K| 3.70 | 61 |11K| 3.94 | 42
Q8 |The course was demanding compared to other courses 14|18 |3/3| 0 28| 418 | 45 5 1 |25K| 3.90 81 |[11K| 3.90 | 76
Q9 |The course had high standards compared to other courses 1219 |52 0 28| 4.11 4 5 .94 |25K| 391 | 65 |[11K| 3.94 | 64
Q10| The course objectives were accomplished 12114|2/0| 0 (28| 436 | 4 4 61 [2.5K| 411 | 76 |11K| 421 | 65
Q11 | Overall, this course was excellent 10(13|4 1| 0 |28| 4.14 4 4 .79 |25K| 3.90 | 63 [11K| 4.05 53

Responses: [SA] Strongly Agree=5 [A] Agree=4 [N] Neutral=3 [D] Disagree=2 [SD] Strongly Disagree=1
Pct Rnk: Percentile Rank (100 is best, calculated vs. precise Mean)

Audi, Diana M --- Survey Comparisons ---
g:fr;ec :)I:;r:“i:raculty Responses Individual MTH All
SA| A |N|D|SD| N |Mean Med |Mode gé‘i N | Mean :::I: N | Mean ::;
Q12| The instructor started and finished the class on time 198|100 |28 464 5 5 |.55(25K 440 | 75 11K | 446 | 68
Q13| The instructor was ready to answer your questions 16| 8 |3(1| 0 (28| 439 5 5 B2 |25K| 435 | 45 11K | 448 | 29
Q14| The instructor evaluated your work fairly 16 |7 |5|0| 0|28 439 5 5 J7|25K| 424 | 61 | 11K | 428 | 58
Q15| The instructor evaluated your work on time 10(11(6|1| 0 |28| 407 4 4 .84 |25K| 429 | 23 | 11K | 432 | 20
Q16| The instructor's comments on your work were clear, specific and helpful 12/9 |7|0| 0 |28 418 4 5 .80 [25K| 4.05 | 53 | 11K | 419 41
Q17| The instructor was very effective in helping you understand the course material 16 |10|1|1| 0 (28| 4.46 5 5 73| 25K | 4.04 | 73 11K | 423 | 64
Q18| The instructor demonstrated a thorough knowledge of the subject 19| 7 |1|1| 0 |28 457 5 5 73 |25K| 425 | 74 | 11K | 440 | 64
Q19| Overall, the instructor was excellent 15(11|1|1| 0 |28 443 5 5 73 |25K| 408 | 66 | 11K | 4.26 | 57
Responses: [SA] Strongly Agree=5 [A] Agree=4 [N] Neutral=3 [D] Disagree=2 [SD] Strongly Disagree=1
Pct Rnk: Percentile Rank (100 is best, calculated vs. precise Mean)
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Figure 5. Teacher evaluations for math101 with the usage of technology
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Conclusion

In this paper, the concept of introducing rich text format lecture capture technology in Mathematics subjects
(Math for Business and Calculus 2) was rigorously analyzed. Both control groups without using any form of
technology and experimental groups with using the proposed technology were compared in terms of student
acceptance and academic performance improvements. Both qualitative and quantitative analysis were used and
the results are very promising. Students saw the added benefits and found the technology very useful. Exam
performance was compared and using the technology showed positive improvements over previous semesters.
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LEARNING TO UNDERSTAND INCLUSION RELATIONS OF
QUADRILATERALS
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Abstract: Learning to identify geometric shapes and understand inclusive properties among these shapes is
prerequisite for learning more complex concepts such as spatial reasoning or deductive thinking. Despite the
importance of understanding geometric shapes and inclusion relations among these shapes, it has evidenced that
pre-service teachers’ subject knowledge of geometry is amongst their weakest knowledge of mathematics.This
study aimed to investigate pre-service mathematics teachers’ (PSMT), who are going to teach middle grade
mathematics (grade 5-8), understanding of inclusion relationships of quadrilaterals. A designed questionnaire
was administered to 52 PSMTs at the beginning of the semester and again by the end of the semester. The
findings of this study demonstrated that the majority of the PSMTSs struggled with identifying quadrilaterals and
especially inclusion relations of quadrilaterals primarily. The majority of them held static view of quadrilaterals
which inhibited their understanding of inclusion relations of quadrilaterals. However, the number of the PSMTs
who understood hierarchical relationship between quadrilaterals increased through the end of the semester.

Keywords: Geometry, hierarchical thinking, inclusion relations, quadrilaterals, pre-service teachers.

Introduction

The learning of geometrical concepts, specifically inclusion relations among quadrilaterals, is not an easy feat
and demonstrates a complex process that includes both visual and property-based reasoning. Many researchers
have shown that students are not very successful at identifying non-prototypical shapes (e.g. Kaur, 2015).For
instance, Hershkowitz (1989) showed that young children use prototypes and imposed properties (such as
orientation or the side lengths of a prototypical shape) either to accept or reject the categorization of a given
geometric figure into a named class of shapes. This difficulty of correctly identifying non-prototypical shapes
persists for middle school students (Clements & Battista, 1992) or even after middle school (Jones 2000; Fujita
& Jones, 2006; Zilkova, 2015). Fujita and Jones (2007), in their study with pre-service teachers also found that
reliance on prototypical shapes cause difficulty in their understanding of inclusion relations of geometric shapes.
De Villiers (1994) suggests that classifying shapes is closely related to defining and can be seen either as
hierarchical or as partitional. According to hierarchical definitions or inclusive definitions as used in different
resources (Fujita, 2012), a trapezoid is a quadrilateral with at least one pair of parallel sides, which means that a
parallelogram or a rhombus are special forms of trapezoid. Using partitional or exclusive definitions, on the
other hand, defines a trapezoid as a quadrilateral with only one pair of sides being parallel, which excludes
parallelograms or rhombus from being classified as special forms of trapezoids.In general, in mathematics,
hierarchicaldefinitions arepreferred; although, it should be stressed that patitional definitions are not incorrect
mathematically, but just less useful (Jones, 2000).

This study aims to investigate pre-service mathematics teachers’ (PSMT), who are going to teach middle grade
mathematics (grade 5-8), understanding of inclusion relationships of quadrilaterals. Despite the importance of
understanding geometric shapes and inclusion relations among these shapes, it has evidenced that pre-service
teachers’ subject knowledge of geometry is amongst their weakest knowledge of mathematics (Fujita & Jones,
2007; Zilkova, 2015). Thus, this study also aims to investigate how the PSMTs come to understand that some
geometric shapes belong to the subset of different shapes during a geometry course. Specifically, the following
questions guide this study:

1- What do PSMTs know about inclusion relations of quadrilaterals?
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a. Which types of quadrilaterals do PMSTs have the biggest problems with? Or which types of
quadrilaterals do PSMTs seem to understand the inclusion relations easily?
2- How do PSMTSs’ understandings of inclusion relations of quadrilaterals evolve during a geometry course?

Understanding Inclusion Relations of Quadrilaterals

To document learners’ understanding of quadrilateral classifications, especially understanding inclusion relations
of quadrilaterals Fujita (2012) proposes a theoretical model to describe cognitive development of understanding
of inclusion relations of quadrilaterals by synthesizing past theories (i.e. van Hiele theory). However, Fujita
(2012) explicitly focused on the relationships between certain special quadrilaterals—parallelograms with
squares, rectangles, and rhombi and the relationship between squares with rectangles. Fujita’s classification
levels of these specific quadrilaterals were adopted; but extended to include other quadrilaterals such as
trapezoids or kite.These classification levels were used to analyze the responses of the participants.

Table 1.Levels of understanding inclusion relations of quadrilaterals
Levels Descriptions

Level 3: Hierarchical Learners can understand hierarchical relationships among quadrilaterals.
The inclusion relationships of quadrilaterals are understood and can be used
for all quadrilaterals. ‘“The opposing direction inclusion relationship’ of
definitions and attributes is understood.

Level 2: Partial Prototypical  Learners have begun to extend their figural concepts to understand inclusion
relations of quadrilaterals. However, their understanding is limited and
specific to some quadrilaterals.

Level 1: Prototypical Learners have their own limited personal figural concepts. Their judgments
regarding to identifying relationships of quadrilaterals are judged by their
limited figural concepts.

Level 0 Learners do not have basic knowledge of quadrilaterals.

Methods
Participants

52 pre-service mathematics teachers (PSMTSs), who are going to teach middle grade mathematics (grade 5-8),
participated in this study. Participants enrolled in a three-credit geometry course, which was taught by the author
when this study was conducted. The participants were chosen by purposeful sampling method used for
qualitative research studies (Patton, 1990).

Data Sources

A geometry questionnaire with sixteen open-ended questions was used to investigate PSMTs’ subject matter
knowledge of geometry. The questions in the questionnaire were prepared based on existing literature (e.g. Fujita
& Jones, 2006, 2007; Zilkova, 2015). In addition to the questionnaire results, the PSMTs’ responses to the
midterm and the final questions, which were related to quadrilaterals, were also used as secondary data sources.

Data Analysis

The framework adopted from Fujita (2012) guided the analysis of the data. PSMTs’ responses to the
questionnaire questions and their class work and assignments were coded in three categories (level 0 was
excluded since all the participants have taken high school geometry and have basic knowledge of quadrilaterals).
Data analysis began by examining the written work of each participant and grounding it in a constant
comparative method of coding (Glaser & Strauss, 1967) in which participant responses were coded with external
and internal codes. Coding of the data began with a set of external codes that were derived from the framework
(see Table 1).Such external coding schemes provided a lens with which to examine the data. By examining the
data and reviewing the written responses, emerging themes of participants’ comments on quadrilaterals, the
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inclusion and transitive relations of quadrilaterals were also developed. After proposing these internal (data-
grounded) codes, each written work was reexamined and recorded to incorporate these new codes.

Findings

The pre-questionnaire results of the PSMTs’ showed that the pre-service mathematics teachers’ struggled with
identifying inclusion relations of quadrilaterals. As can be seen in the table 2 below, the majority of the PSTMs
(60%) demonstrated partial prototypical reasoning. That is, they demonstrated some sorts of difficulty
understanding inclusion relations of quadrilaterals. While 60% PSTMs demonstrated partial prototypical
reasoning, only 2 (4%) PSTMs demonstrated hierarchical reasoning. However, even these two PSMTs struggled
with opposing direction inclusion relations. Walcott and others (2009) argue that the dynamic figural concept,
which consists of the visual, verbal, written, symbolic, and/or formal properties of shapes, are essential to
understand opposing direction inclusion relationship since inflexible prototypes are static and non-changing.
Students who hold inflexible visual prototypes are unwilling to see movement upon the shape, which resulted in
not accepting that a rectangle sometimes have all equal sides. Research supports the idea of mental manipulation
of shapes in the minds in order to develop such reasoning (Archavsky & Goldenberg, 2005).

Table 2. Percentages of the PSMTs’ understanding of inclusion relations of quadrilaterals

Pre-Questionnaire Post-Questionnaire
Frequency Number of  Frequency Number of
the PSMTs the PSMTs
Hierarchical Reasoning With Opposing %62 (32)
Inclusion Relations
Hierarchical Reasoning With Limited %4 (2) %38 (20)
Opposing Inclusion Relations
Hierarchical Reasoning (With Limited %10 (5)
Opposing Inclusion Relations)With An
Exception
Partial Prototypical Reasoning %60 (30)
Prototypical Reasoning (With An %14 7
Exception)
Prototypical Reasoning %12 (6)

Six PSTMs held entirely prototypical reasoning about quadrilaterals. Seven PSTMs, on the other hand, were able
to extend their figural concept of one specific quadrilateral, which was either recognizing a square as a rhombus
or a rhombus as a parallelogram. Since these seven PSMTSs relied heavily on their prototypical examples for all
quadrilaterals, except just for one specific quadrilateral, they were coded in Prototypical level. However,these
PSTMs were acknowledged as in transition to Partial Prototypical level. Figure 1 below demonstrates the
pathway of the PSMTs while learning inclusion relations of quadrilaterals.

Hierarchical
Reasoning with An eHierarchical with
ePrototypical Exception Limited Opposing

Direction Inclusion

. . Relations
ePartial Prototypical

Prototypical With

An Exception Hierarchical with

Opposing Direction
Inclusion Relations

Figure 1. The pathway of understanding inclusion relationships of quadrilaterals
The study concluded that although the pre-service teachers possessed formal definitions of quadrilaterals, their

prototypical images affected their personal figural concepts. The pre-service teachers found rhombus
parallelogram, square’| rhombus, and rectangle [Iparallelogram relationships easier and less problematic.
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However, accepting square, rectangle, parallelogram and rhombus as a trapezoid was more problematic for the
PSMTs. The PSMTs understand trapezoid as a disjoint class. These results aligned with the results of Zilkova
(2015) who found that for pre-service teachers some inclusion relations were easier to establish such as square
[Iparallelogramthantherelationships between other quadrilaterals such askite [ quadrilateral.

Square,
Rectangle - o Rectangle,
—Paralleogram g Rhombus —Kite Paralleogram,
—Paralelogram —Rhombus —Rectangle Rhombus —>

Trapezoid

Rhombus Square

Figure 2. The pathway of extending inclusion relationships of quadrilaterals

According to the post-questionnaire results, the number of the PSMTs who could reason hierarchically increased
significantly (see Table 2). Although 62% of the PSMTs were able to develop opposing direction inclusion
relation, 38% of the PSMTs still struggled with opposing direction inclusion relation. That is, they were able to
state that a square is always a rhombus however a rhombus can never be a square as it was evidenced in the
figure below. Although the PSMT in his work in figure 3 was able to draw the Venn diagram to demonstrate the
relationships among quadrilaterals correctly, he argued that a rectangle cannot have all four equal sides or a
parallelogram cannot have a 90-degree angle.

Figure 3. A sample response to demonstrate limited opposing direction inclusion relation
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Abstract: PISA is an international exam which aims to assess whether 15-year-old students are able to convert
their academic outcomes into solving daily life issues as well as analyzing high level cognitive skills. PISA
evaluates the outcomes through item-based skills classification constituted by IRT technique with the help of the
samples gathered from each participant country. Skill classification is a grouping process which helps to
interpret the proficiency of students at different points in accordance with the ranges described for each level.
For the Maths proficiency level of classes gathered by this process increasing from 1 to 6 hierarchically: the
ability to give the correct answer at Level 1 only when all related information is presented and questions are
clearly explained is recognized, whereas it is more frequent to recognize the correct answer at Level 6 in which
high level cognitive skills are used, necessary knowledge is organized and interpreted to solve the problem. Of
all the OECD countries, 15.8% of China and 10% of Japan are at Level 1, which is 52% for Turkey. An
experimental study is being pursued in an attempt to enhance the Maths literacy success of 6" grades by
increasing the number of implementations in large-scale international exams with TUBITAK Research Project
numbered 115K531. About 3200 students are included within the project as a longitudinal study. The
equivalence of the tests to that of PISA has been assured. At this point, the study aims to determine whether the
classifications made for PISA Turkey similarly range also in the younger age group, as well as aiming to find out
whether the origin of the distinction between Turkey and other OECD countries in the higher levels begins at an
earlier age. In Izmir province, 6™ grade students who were determined randomly by the stratification method
were subjected to tests that required multiple levels of thinking and represented 6™ grade Maths subjects through
test items in the form of multiple choice, true-false and open-ended. Plausible scores appropriate for PISA
procedures and the cut points determined by using those scores and PISA standards were designated and
proficiency levels were obtained. The proficiency levels of 6™ grade students in the sample were specified with
the help of this method. When the results of the study are analyzed in detail, it is clearly seen that the percentages
described in the PISA 2015 Report show a similar distribution across the classrooms.

Keywords: Maths proficiency, PISA, rasch model.

Introduction

The Programme for International Assessment (PISA), first implemented in 2000 by the Organization for
Economic Co-operation and Development (OECD) which is an intergovernmental organization of industrialized
countries, is an international assessment system that measures math literacy, science literacy and reading skills of
15-year-old students every 3 years. According to 2015 data, it covers 35 OECD countries, 37 partner countries
and economies.

The first goal of education for all politicians around the world is to fully realize the potentials of their citizens
and to enable them to develop their skills in accordance with changing world conditions. In this context, PISA
results indicate much more than points or rankings. It is also the world's leading education benchmark used to
assess the quality, equality and productivity of school systems. This provides governments and educators with
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the definition of effective educational policies that can adapt their own values by specifying the characteristics of
high-performance educational systems. (PISA, 2015)

In Turkey, it is seen that the success graph of PISA is below the expectations and decreasing gradually.
Therefore, in this research, we examined the similarities and differences in the ability distribution of the Turkish
sample in the PISA applications at earlier education levels. The measurements made and the findings obtained
were compared with the countries in the upper row in PISA applications and OECD averages. In this way, it is
aimed to generalize the level of success that Turkey has in PISA applications to other education levels and to
reach the findings about the reasons for the achievement below the expected level.

About PISA

The OECD Programme for International Student Assessment (PISA) is an international large-scale study that
focuses on the capabilities of 15-year-old students’ math literacy, science literacy and reading skills. PISA
defines mathematical literacy as follows: An individual’s capacity to identify and understand the role that
mathematics plays in the world, to make well-founded judgements and to use and engage with mathematics in
ways that meet the needs of that individual’s life as a constructive, concerned and reflective citizen.

Starting from 2000, PISA is conducted every 3 years with a primary focus on one area for each cycle.

Table 1. PISA cycle topics by years

PISA Administration cycle

Assessment 0, 2003 2006 2009 2012 2015
year
Reading Reading
Reading Reading Reading Reading
Subjects _ Mathematics _ _ Mathematics _
Mathematics Mathematics Mathematics Mathematics
assessed Science Science
Science Science Science Science
Problem solving Problem solving

(OECD, 2009)

From 2000 to 2015, each cycle focused on a different area. As shown in Table 1, the focus was on reading in
2000, followed by mathematics and science, and in 2009, the cycle began again with Reading and repeated in the
same order. Apart from this, problem solving was added in 2003 and 2012 as well.

Pisa Sampling

PISA has a two-stage formed layered and random sample design. The first layer is the schools and the second is
the students in the schools. The first step in the sample is the need to identify the target population of PISA
students. It is generally considered to be 15-year-olds, but more precisely, it represents a sample of the age group
of 15 and between the completed months of + 3 and -3 and the age group of 16 and the completed months of -2
and +2. The size of the sample taken from each country was determined as at least 150 school samples and at
least 4500 students.

Ability Estimation in PISA RASCH

PISA uses Rasch Model among IRT (Item Response Theory) models statistically while determining the levels of
student abilities. IRT is an approach that provides mathematical models which can overcome the weaknesses of
classical test theory. It is a growing theory that psychometricians tend to use it, especially because of the claim of
“sample-independent substance parameter” estimation and “ability to test independently”. On the other hand,
because of the large number of models available, it is possible to apply FTC analyzes to different measurement
results. It also makes it easier to make accurate inferences about individuals and test items by offering the ability
to compare individual skill levels with difficulty levels of questions, since individuals can calibrate the ability
parameters and the difficulty parameters of the items at the same scale level. It offers different models such as
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logistic models with 1, 2, 3 and 4 parameters according to the number of MTK parameters; single and multi-
dimensional models according to the number of dimensions; dual and multiple (multi-categorized) scoring
models. The Rasch Model is defined as a single-parameter model because the item characteristics curves depend
solely on item difficulty. In the three-parameter logistic model, the characteristics curves of the item depend on
(i) the item difficulty parameter, (ii) item discrimination parameter and (iii) the “guess” parameter. This last
parameter concerns the possibility of all students in the multiple choice test to answer the item correctly, no
matter how difficult it is.

The Rasch Model is designed to create a symmetrical continuity with both item difficulty and student
competence. Item difficulty and student competence are related to a logistical function. With this function, it is
possible to calculate the likelihood that a student will correctly answer an item. Moreover, because of this
possibility connection, it is not necessary to apply every item sequence to every student. If some anchor items
are warranted, Rasch Model may create a scale with each item and every student. This last feature of the Rasch
Model is one of the main reasons why it is fundamental in educational research and especially in PISA practice
(Edition, 2009)

Rasch is able to describe student ability continuously using dichotomic data. With three basic principles, we can
lay the groundwork for the construction of Rasch continuity. The first principle concerns item difficulties. Take,
for example, two items consisting of two questions. We cannot compare difficulties for these two items if the
patterns of responses given to items 1 and 2 are (0, 0) and (1, 1) (indicating 1 success and 0 failure). On the other
hand, the response pattern obtained in (1, 0) and (0, 1) is informative in terms of comparison. If we assume that
the response pattern in this way is 50 students (0, 1) and 10 students (1, 0), we can reach the result that the
second item is easier than the first. In fact, 50 students responded incorrectly to the first item, the second
correctly answered, and only 10 responded correctly to the first item and the second item incorrectly. This
indicates that when one person correctly answers one of the two items, the probability that the correctly
answered question in the second item is 5 times the probability that it is the first item. Therefore, it is easier to
answer the second question correctly than the first one correctly. However, we should not ignore that the relative
difficulty of the two items is independent of the student abilities.

The second principle concerns the identification of the reference point. In the Rasch Model, the unit of
measurement is defined by the probability function, which includes the item difficulty and the parameters of the
student's ability. For this reason, it has been accepted that only one reference point has to be defined. The most
common reference point is the zero point of item difficulties. However, accepting a zero center in the student's
ability can be used as another relative reference point.

The third principle emphasizes continuity. Continuity plays a role in the calculation of the relative difficulty of
the items that are presented to different subpopulations in part. Suppose that the first item is given to all students
and the second item is given only to low-ability students. Comparisons of the items will only be made on the
lower populations studied, i.e. on the low-skilled student population. The difficulty of the two relative items will
depend on the common subgroup of these students (Edition, 2009). Student scores can be calculated when item
difficulties are placed in Rasch continuity.

wie OO0

Figure 1. Student score and item difficulty distribution on a Rasch continuum

The line in Figure 1 represents Rasch continuity. Item difficulties are above and item numbers are below the
line.

For example, item 7 represents a difficult item and item 17 represents an easy one. This test includes several easy

items, a large number of intermediate items and a few difficult items. The symbols x above the line represent the
distribution of student scores (OECD, 2009).
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Calculating the student’s score in Rasch Model

After the item difficulties are determined on the Rasch scale, student scores can be calculated. For a student
whose ability is represented by B, the possibility of giving a correct answer to the item j whose difficulty level
is represented by D; is as follows:

exp(B; — &)
P =116.0) = T @—6)

Similarly, the possibility of giving a wrong answer is as follows:

1

X =0|g,6) =——-——
P =016.0) = T = 8)

Rasch Model assumes the independence of items, so the probability of a correct answer is not dependent on the
answers given to other items. As a result, the possibility of success from two items equals to the multiplication of
two success probabilities.

Rasch ability estimations are often specified as the maximum likelihood estimation (or MLE). As shown in these
figures, Rasch Model only returns a maximum probability estimate per raw score, i.e. zero correct answers, one
correct answer, two correct answers, and so on.

Warm (1989) has shown that this maximum likelihood estimation is biased and suggested to weight the
contribution of each item according to the information that this item can give. Warm estimations and MLEs are
similar to students' individual skill estimations.

When the Warm estimation is corrected for the small bias in the MLE, it is usually an estimation of one's
temperament. Therefore, in PISA, weighted likelihood estimations (WLES) are calculated by applying weights to
MLE in order to account for the bias inherent in MLE, as Warm proposed (OECD, 2009).

Plausible Value

Producing plausible values from a training test consists of drawing random numbers from posterior distributions.
In its most basic sense, “Plausible values say that a learner is a demonstration of the abilities that it can have at a
reasonable level. Instead of estimating the ability of a student directly, it estimates a student’s probability
distribution for Q. That is, instead of taking a point account for a Q as in WLE, a range of possible values of a
student for Q and the combined probability for each of these values are estimated. Plausible values are random
lines from this (estimated) distribution for a student’s Q” (Wu and Adams, 2002).

All this methodology aims to create a continuum from a set of discontinuous variables (i.e. test score). It is
aimed to avoid biased inferences as a consequence of measuring the underlying ability that cannot be observed
through a test using a relatively small number of items.

Finally, an individual estimation of student ability can also be derived from posterior distributions. This derived
individual estimation is called expected posteriori estimator (EAP). Instead of assigning a series of random
values from the posterior distributions, the averages of the posterior distributions are given. For this reason, EAP
can be considered as the average of a group of reasonable values for a particular student (Edition, 2009).

PISA Proficiency Levels

Proficiency levels have been proposed to be powerful tools that can be used to communicate results from large-
scale assessment studies to the wider public with higher levels indicating higher proficiency. Importantly,
proficiency levels describe the cognitive skills and the knowledge of which a student is capable (Fischbach,
Keller, Preckel & Brunner, 2013).

Each proficiency scale is standardized to have M=500 and SD=100 across OECD countries. Furthermore, these

scales can be subdivided into six proficiency levels for the mathematics and science tests and five proficiency
levels for the reading test.
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The first stage in creating proficiency levels begins with the putting possible scales and dimensions in written
forms that can be used by the experts in each field for reporting. This step is defined as identifying possible
scales. The advantage of this process is that multiple scales developed for the weighted area, which is
concentrated in cycles, are more meaningful and potentially more useful for feedback and reporting purposes.
The second stage deals with assigning items to scales. Each question item is associated with a thought scale.
Experts, then, evaluate the properties of each item according to the classification in the evaluation framework.
Then statistical analysis of the item scores obtained from the pilot application is used to obtain an objective
criterion related to the distribution of the items in the scale. The skills are controlled in the third stage, which is
known as skills audit. This stage involves analyzing the subject area of each item in detail by the expert, in
relation to the definition of the relevant subscale in the evaluation framework, and evaluating the partial scores
and points scored. The knowledge and skills required to achieve each point are described and explained. The
fourth stage deals with analyzing field trial data. First, the data obtained from the pilot application is analyzed
according to the IRT and the item difficulty for each achievement threshold is calculated. In general, when there
is only one achievement bias for the items, more than one achievement threshold can be calculated for the ones
that require partial scoring. Subsequently, achievement thresholds within each scale are placed along a
continuous difficulty continuum, associated with student skills. The fifth stage includes defining the dimensions.
The field expert combines the results from the analyzes done in stages 3 and 4. Subsequently, the item score
steps for each set of scales are sorted by reference to the associated thresholds and then linked to the descriptions
of the relevant knowledge and skills. These processes create a hierarchy of knowledge and skills that define the
final dimension. The sixth stage consists of revising and refining with main study data. When this step is
reached, the information obtained from the statistical analysis of the relative difficulty of the item thresholds is
updated, as the data in the actual application is now ready to be used. After this, specialists are in charge of
revising and checking the data. The seventh stage involves the validating process. First, knowledgeable experts
are recruited who have the necessary materials to enable them to evaluate the indicators on which the levels
defined for the PISA items are based. Then comes the consultation process during which the defined scales are
presented to the national coordinators of all PISA countries. This stage allows one to reach the conclusions about
how well the users of the defined levels find them informative (Anil, Ozkan & Demir, 2015).

PISA revises and updates description of proficiency levels each semester, which is determined in such a way as
to reflect changes in evaluation and in the framework and requirements of new tasks developed for the
evaluation. The most recent statement of proficiency levels is based on the PISA 2012 evaluation (OECD, 2014).
PISA results demonstrate what is possible in education by showing what the students in the fastest growing
education system can do best (PISA, 2015).

Content of PISA Mathematics Proficiencies
(Summary description of the six levels of mathematics proficiency in PISA 2015)

The mathematical proficiency levels identified by the PISA consist of six levels. While there is a hierarchical
increase from 1 to 6 among these levels, the ability to respond correctly at the first level is given when all
relevant information is provided and when the questions are clearly defined. Level 6, on the other hand, has the
right frequency of answers where high-level thinking skills can be used, the information required for solution of
the problem is organized, and where it is desired to be interpreted as the result. The item-based ability
classification process is used when the score ranges of the levels are determined. Here, basically the difficulty
levels of the items and the number of students who respond correctly to these items are taken as references. For
this, the items are sorted according to their difficulty level. For instance, items 1 and 2 are in low difficulty,
items 3 and 4 are in medium difficulty, and items 4 and 5 are in high difficulty. If the student cannot answer the
1% and 2" items correctly, she is expected not to answer the 3™ and 4™ items correctly as well. Assuming that
another student can answer all the items correctly from 1 to 5, it is probably interpreted that she could answer the
6" item correctly. In the same way, it can be understood that a student who answered correctly the 1st and 2nd
item but did not answer the 5™ and 6" items correctly cannot answer the 4™ item correctly, either. In Table 2,
range of points are given by levels.

Table 2. Range of points for PISA 2012 mathematical proficiency levels

Under 1 Level 1 Level 2 Level 3 Level 4 Level 5 Level 6
357.77- 420.07- 482.38- 544.68- 606.99-
-35r.71 420.07 482.38 544.68 606.99 669.30 +669.30
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Aim

This research focuses on the distribution of skills of the Turkish sample in PISA applications, their similarities
and differences in earlier education levels. The measurements made and the findings obtained were compared
with the countries in the upper rows in PISA applications and OECD averages. In this way, it is aimed to
generalize the level of success that Turkey has in PISA applications to other education levels and to reach the
findings about the reasons for the achievement below the expected level.

Methods

Sample

The research population consists of 448 Secondary State Schools in 30 districts affiliated to Izmir Provincial
National Education Directorate. There is a total of 1822 branches and 45069 students at the 6th grade level in
these schools. The confidence level and the confidence interval statistics were used when determining the sample
size (Oulte, 2011; Thompson, 2012). When the confidence level was set at 99% and the confidence interval was
set at t=2, the sample size was set at n=3809 for the population of 45069 (Lodico, Spaulding & Voegtle, 2006).

Taking this sample size into consideration, the schools in izmir province of Turkey were determined according
to the districts by randomized cluster sampling method and 148 branches and 4592 students in 20 schools were
included in the study for the research sample. With the final state of the sample size, the confidence interval of
the sample has been reduced to t=1,77, meaning that the power to represent the population has been increased.
The TUBITAK project, numbered 115K531, consists of a total of 2 experiments and 1 control group as it is an
experimental and longitudinal study. This research includes only the experiment 1 and the experiment 2 groups
of the project sample. Thus, the sample of this research consists of 2672 students in these two groups.

The Instrument
The instrument used in this study is the first of the 4 monitoring tests applied in the TUBITAK project,
numbered 115K531. This test consists of two books and 11 items to measure high-level thinking skills. The

statistics for the items are given in Table 3.

Table 2. Test item parameters

Question ”‘?m. Itgm_ I

No Code D|_ff|culty Dlscrlmmafuo

(Pj) n (rbis)
1 9796 0.41 0.5
2 3690 0.21 0.22
3 1027 0.18 0.45
4 1025 0.27 0.55
5 1033 0.51 0.48
6 1021 0.68 0.45
7 1032 0.4 0.41
8 7339 0.01 0.19
9 6728 0.29 0.38
10 5158 B 0.38 0.52
11 5158 C 0.31 0.49
Average 0.33 0.43

As shown in Table 3, the item difficulty values range from 0,10 to 0,78 and the item discrimination values from
0,15 to 0,81. The average item difficulty was 0,31, and the average item discrimination was calculated as 0,56.
As a result of the analysis, it was found that the test had sufficient discriminative value. At the same time, with
the help of pilot implementation, the scoring keys to be used for open ended questions for the test items were
determined.
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Table 4. Test descriptive statistics

Average 3.65
Median 3

Standard Deviation 2.07
Variance 4.28
Skewness 0.63
Kurtosis 0.02

As shown in Table 4. the average score of the test is 3.65 and median score is 3. The standard deviation of the
test was 2.07 and the variance was 4.48. Skewness and kurtosis values were found to be 0.626 and 0.016.
respectively. A value of less than 1 means that the distribution does not deviate too much from the normal
distribution.

It is very important to prove that the questions developed in the project have the same level and psychometric
properties as the PISA and TIMSS questions. To this end. the averages were taken so that the statistics of the
questions general test can be calculated. ANOVA analysis was performed for repeated measures to determine
whether the developed questions correspond to PISA and TIMSS questions. According to the analysis results.
there is no statistically significant difference between PISA. TIMSS and the average of the project questions
(F(896_2)22.358. p>05)

Whether the variances of distributions are equal or not is examined by the Mauchly Sphericity test. According to
the results of the analysis. it was seen that the assumption of sphericity is not distorted. that is. the variances of
distributions are equal. (xz(z):4.881. p>0.5). This is an indication that the questions produced within the project
correspond to the PISA and TIMSS questions. At the same time. however. correspondence has also been
examined in terms of scope and criteria. Test scores according to the criterion were statistically significant and
highly correlated with each other (r=0.52. p<0.01).

Scope validation work was carried out by a team of 5 people consisting of expert project researchers and
consultants in the field of two measurement and evaluation. two mathematics education and one program
development. with at least associate degree. As a result of the study. it is seen that the questions produced in the
project are compatible with PISA and TIMMS coverage.

Results and Findings

The research aims to examine the distributions of the mathematical proficiency levels determined for the
students in the PISA applications in Turkey and to compare the distributions determined in a similar
measurement targeting an earlier period than the PISA age range. To this end. it is first necessary to examine
how the levels of proficiency are distributed to countries and the general average. Some results and country-
based comparisons based on PISA 2012 results are given in Table 5.

Table 5. Country comparisons for PISA 2012 mathematical proficiency levels. as percentages

Shanghai  Finland OECD Auvr. Turkey
Level 1~ 0.85% 3.34% 8.02% 15.48%
Level 1 2.95% 8.92% 14.98% 26.50%
Level 2 7.51% 20.49% 22.46% 25.54%
Level 3 13.10%  28.82% 23.74% 16.52%
Level 4 20.17%  23.17% 18.15% 10.09%
Level 5 24.60%  11.71% 9.34% 4.67%
Level 6 30.83%  3.54% 3.31% 1.20%

Looking at the percentage distributions obtained with reference to the proficiency levels in Table 5. there is a
0.85% part in Shanghai below Level 1. while this corresponds to 8.02% in the OECD average. In Turkey. this
ratio is 15.48%. When we look at Level 6. it is seen that only 1.20% of the students have reached this level in
Turkey while there is a 30.83% part in Shanghai. The distributions of the countries can be seen more clearly in
Figure 2.
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Figure 2. Country comparisons for PISA 2012 mathematical proficiency levels. as percentages
When the graph is examined in general. it is observed that Shanghai is distorted to the left. the average of
Finland and OECD is normal. and Turkey is distorted to the right. This gives a good idea of the level of
countries as a measure of success. Table 6 gives the mean and standard deviations of the compared countries.

Table 6. PISA 2012 Math average scores and standard errors by countries

. . OECD
Shanghai Finland Average Turkey
Average Score 613 519 494 448
Standard Error 3.3 1.9 0.5 4.8

According to Table 6. Shanghai's average score is quite high when compared to the OECD average. When
Turkey's average score is examined. it is seen that it is considerably lower than the other countries.

Within the scope of the project. the test scores proved to be corresponding to the PISA content and level were
first analyzed with the Rasch Model in accordance with the PISA procedure. and the ability scores of the sample
were determined and then statistically more reliable ability distribution was obtained by calculating plausible
scores. Table 7 demonstrates the comparison of cut-off scores of percentage levels for PISA 2015 and Project
measurements.

Table 7. PISA Turkey percentage cut-off scores for ages 15 and 12

PISA Turkey Project

Age 15 Age 12
10th 339 352
25th 382 392
50th 438 429
70th 507 499
90th 577 566
Mean 448 450

When Table 7 is examined. it is seen that the cut-off scores of 15-year-old and 12-year-old Turkey samples are
very similar. Figure 3 shows the overlap level of cut-off scores for two tests.
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Figure 3. Overlap level of cut-off scores of PISA Turkey and the project

As can be seen in Figure 3. the cut-off scores of the two groups are very close. This shows that the percentage
distributions of the two samples are very similar. At the next stage. the two groups were analyzed in terms of
mathematical proficiency as percentages. Table 8 shows the mathematical proficiency levels of the 15-year and
12-year Turkey distribution.

Table 8. Percentage distribution of mathematical proficiency levels for PISA turkey and Project measurements
PISA Turkey Project

Age 15 Age 12
Level 1~ 155 13.9
Level 1 26.5 18.6
Level 2 255 37.0
Level 3 16.5 20.2
Level 4 10.1 8.3
Level 5 4.7 1.4
Level 6 1.2 0.6

When Table 8 is examined. it is seen that the percentage distributions of mathematical proficiency levels are
similar in both groups. In the age group of 15. Level 17 is 15.5% while that of the 12-year-old is 13.9. Similarly.
the 15-year-old group has a higher falling rate in Level 1. In Levels 2 and 3. the 12-year-old group appears to be
in a higher percentage. At Level 4. 5 and 6. 15-year-old group is seen to be proportionally higher. Figure 4
shows the distribution of 12- and 15-year-old groups in terms of their mathematical proficiency levels.

40
35
30
25
20
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10

5

0
Level 1- Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

=@=—P|SA Turkey age 15  ==@==Project age 12

Figure 3. Distribution of 12- and 15-year-old groups in terms of their mathematical proficiency levels.
In Figure 4. it is seen that the 15-year-old group is higher at Level 1~ and Level 1. This indicates that in the

sample of 15-year-olds. the number of students at Level 1~ and Level 1 is lower; that is. the number of students
at the lower level is more than 12-year-old group. When Levels 2 and 3 are considered. it is seen that the
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percentage distribution of 12-year-old group is higher in this range. It seems possible to say that the distribution
for 12-year-old group is moderately more intense. At Levels 4. 5 and 6. the 15-year-old group is higher than the
12-year-old group. It was determined that there were some differences in the two groups. but these differences
were not statistically significant. In this case. it is understood that students in the 12- and 15-year-old groups do
not differ in terms of PISA mathematical proficiency levels.

Conclusion

As the research findings show. a distribution similar to the percentages described in the PISA 2015 report of
proficiency levels was achieved by the project sample. There are great similarities between 6" grade students and
15-year-old group in terms of mathematical proficiency levels. More specifically. project sample and PISA
Turkey measurements have very close values in terms of the mean and standard distribution as well as cut-off
point scores. point values falling in percentages and sample percentages of proficiency levels.

Findings indicate that there is no difference between the levels of having high level mathematical proficiency
levels in the 6th grade and the 15-year-old group in Turkey. Although the research includes test correspondence.
sample validity. and psychometric properties of the questions. it is clear that additional research is needed to
generalize the findings since only one province and a single class level are taken as basis.

It is also seen that during the international examinations (PISA. TIMSS. PEARLS). the low level of achievement
of the students in Turkey shows similar features at earlier stages of the education system. In this sense. we can
say that in order to increase the level of Turkey's success in international examinations. more holistic and
systematic solutions are needed.
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Abstract: The purpose of this study was to investigate solution strategies used by seventh grade students
regarding the concept of mean given in bar graph representations. Participants were 233 seventh grade students
from two public middle schools in Gelibolu district of Canakkale. Data were collected via a questionnaire.
Students' possible solution strategies regarding the concept of mean were identified through item based in-depth
analysis. The results of the study indicated that students used two different solution strategies to solve questions
regarding the concept of mean. More specifically, the study indicated that the balance model and the average
formula were identified as two solution strategies to solve the questions regarding the mean concept given in bar
graph representations.
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Introduction

In recent years, the emphasis laid upon statistics in the mathematics curriculum has increased by means of
international movements (Jacobbe & Carvalho, 2011). One of the reasons underlying this increase in emphasis
may be that statistics is an essential part of daily life. Another reason may be that statistics establishes links
between other areas, such as history, science and geography (Konold & Higgins, 2003). Moreover, The
Principles and Standards for School Mathematics (NCTM, 2000) set out of 5 content areas, one of which is Data
Analysis and Probability (Pratt, 2005). Similarly, in Turkey, with the changes made in the mathematics program
in 1990 and 1992, numerous concepts related to probability and statistics were added, and the new textbooks
included basic concepts, such as measures of central tendency, measures of spread and probabilistic events
(Bulut, Ekici, & lseri, 1999). In addition, the elementary mathematics curriculum in Turkey included real life
contexts for the purpose of making interpretations and making decisions by resorting to statistical knowledge
(MoNE, 2005, 2013).

In accessible literature, although there are several studies that examine the problem solution strategies used by
students (Becker, 1992; Cai 1995; 1998), there is a limited number of studies on the solution strategies used by
students while solving questions regarding statistical concepts (Cai, 2000). Identifying students' possible solution
strategies is significant because if a student have conceptual understanding regarding the averaging algorithm of
the mean, the student can correctly and flexibly apply the averaging algorithm to solve questions regarding the
concept (Cai, 1998; Watson & Moritz, 2000). However, the number of studies in Turkey is not sufficient
regarding students' solution strategies while solving questions regarding the measures of central tendency
concepts (Ucar & Akdogan, 2009). In order to reveal important information about students' understanding of the
average concepts, students' solution strategy preferences while trying to solve questions related to these concepts
can be focused (Cai, 1998). Therefore, the purpose of the present study is to analyze the solution strategies
utilized by students while solving questions regarding the concept of mean.
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Method

The Research Design

In this study, the survey research design was preferred because surveys are conducted to define some aspects and
characteristics of a population or a sample (Fraenkel & Wallen, 2006). More specifically, the cross-sectional
survey design was used since it requires collecting data at one point of time from a selected sample from a
predetermined population to describe the characteristics of the population (Fraenkel & Wallen, 2006).

Participants

Data was collected from 233 seventh grade students including 106 girls and 127 boys from 2 public middle
school students in the Gelibolu district, Canakkale, Turkey.

Instrument and Data Collection

In the research, a questionnaire was used as a data collection tool. The questionnaire consists of two open-ended
questions in order to investigate solution strategies used by 7th grade students regarding the concept of mean
given in bar graph representations. Two questions and their details were given below:

Question 1, which was adapted from study of Mokros and Russell (1995), consists of two parts. The question

was asked to investigate students’ solution strategies used to solve questions regarding the mean through
construction of a data set for the given average.
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Question 1:
a) In a scout camp, there are 8 students whose ages are different from each other. Average age of the students

is 15. Based on the information, what could their ages be? Draw a bar graph in order to show a possible data
set for students' ages in the camp.

Ages of Students in Scout Camp
Age

.
0 T T T T T T T r g Student
lstd. 2std. 3.std. 4sstd. 5.std. 6.std. 7.std. 8.std.

How did you give your answer? Explain.

b) In a scout camp, average age of 8 students is 15 and if age of a student is 17, what could be ages of other
students so the average still comes out to 15? Draw a bar graph to show a possible data set for students’ ages
of the camp.

Ages of Students in Scout Camp
Age

17

' 1 Y >
1std. 2.std.  3.std.  4.std.  S5.std. 6.std. 7.std. 8.std.

Student

How did you give your answer? Explain.

Figure 1. The first and second part of question 1 in the questionnaire

Question 2 was developed by the researchers. The question was asked in order to identify used solution
strategies to solve questions which were required calculation of the mean given in bar graph representations.
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Question 2: Burning times of candles which A and B companies produced are wanted to be compared. In order
to compare burning times of candles of A Company and B Company, the same size 8 candles from each
company were chosen and the candles. Then, the candles were burned and the number of minutes that each
candles burned were recorded.

s D
Candles' Burning Times

time(min.)

m Acompany

O B company

Candles

AN /

Determine the mean of burning times of candles for each company.
Mean

A Company ...........

B Company .........

b) Determine the median of burning times of candles for each company.
Median

A Company ...........

B Company .........

¢) Ahmet claims that candles of A Company have longer burning times than candles of B Company. Do
you agree with Ahmet?

Figure 2. Question 2 in the questionnaire

In general, the aim of asking these questions was to get knowledge about participants’ alternative solution
strategies while solving questions regarding the concept of mean. The items were reviewed by three experts from
the Elementary Mathematics Education Department of different universities to provide content related evidence
of validity of the instrument. As part of reliability, two researchers analyzed students’ answers. A correlation of
98% was found between the two scorings. In order to identify students' solution strategies while solving
questions regarding the concept of mean, item based in-depth analysis was conducted.

Findings
Solution Strategies

In accordance with purpose of the study, students' solution strategies were categorized for the mean concept.
More specifically, balance model and average formula strategies were identified as solution strategies in order to
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solve questions regarding the mean concept. Table 1 presents frequencies of the solution strategies employed by
the students providing correct responses, for each item.

Table 1. Frequencies (and percentages) of solution strategies employed by students providing correct responses

MEAN
STREA.‘I_-II_EEI\?SI ES/ Balance Model Average Formula
1-a 23 (31.1%) 51 (68.9%)
1-b 19 (30.2%) 44 (69.8%)
2 0 94 (100%)

As can be observed in Table 1, findings indicated that the majority of the students who solved the questions
correctly used average formula as a solution method. For example, 100% of the participants used the averaging
solution strategy to solve item 2. On the other hand, balance model and average formula solution strategies were
used for items 1-a and 1-b as solution strategies. Examples of students’ appropriate solution strategies for each
identified strategy to solve questions regarding the mean are presented below.

1. Balance Model

The students, who used the balance model as a solution strategy, accepted the mean as a point of balance. For
example, in one question, the mean of a data set is 5, and three of four data are 2, 4, and 6. While solving the
question, student says that the mean of 4 and 6 is 5, then other data is 8 because 2 is balanced with 8 to obtain 5
as mean of the data set. Therefore, in this solution strategy, a value from a data set is balanced with the other
value in order to obtain the mean of the data set. According to Table 1, the balance model was most frequently
used solution strategy for item 1-a. It was seen that 23 students (31.1%) among 74 students who solved the item
correctly used the balance model solution strategy to solve the item. On the other hand, 19 students (30.2%)
among 63 students who solved item 1-b correctly also used the strategy to solve the item.

To illustrate, the solution strategy employed by Participant 19 for item 1-a is presented below:

Participant 19:

Izci Kampindaki Ogrencilerin Yaslan
Yas
A
7.
71 T =
l e I'
| Ii. S - <1 Ve i
Wi ] ,
. B l |
«l 14 ' : |
©. ¥\ | | { |
4 Oy ¥ 7 | i3 | /A |
g4 / f : i ’\ |
td A { 7 | X | L } |
(9 {f 1 : | ! [
S 7 1 Y/ 4 |
iV ¢ 1 ] | ( |
sT |4 : ) { 1
14+ W v {24 ; j
0 v v — v 3 > Ogrenci |
1.68r 3.68r 4.068r S5.08r 6.68r 7.68r 8.0@r |
i . . |
—>s 1 bl M e L )
=2 2 Q%= " evV S, b
nisl in g -
1
Cevabimzi nasil olugturdugunuzu agiklayiniz. ”
y ’ . )
0B renciile ¥ . JoPlenen, 72,2 1./ 0.0
3ole.lnn 3. 4 B 5 A n {2 oloonsan ). 202 Leom.. ¢

Figure 3. Answer of participant 19 to item 1-a
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Participant 19 stated that each value in the data set was balanced with the other value in the data set while
constructing a possible data set for the given mean. Age of student 1 was accepted as 11 and the value was
balanced with age of student 8 as 19 since he believed that the mean of 11 and 19 was 15. In addition, the age of
student 2 was accepted as 12 and it was balanced with the 7th student's age which is decided as 18 since the
mean of 12 and 18 was 15. Participant 19 identified the ages of the other students using the same procedure.

2. Average Formula: Students who used the average formula solution strategy while solving the questions
regarding the mean concept used the "add and then divide "algorithm to solve the given questions. Thus, when
the average of a data set was asked, the students added all the values in a data set and then divided it by the
number of values. On the other hand, when a question was asked with a missing value from a data set, first the
total number of values was found and then the total number of the given values in the data set was subtracted.

As can be seen in Table 1, the solution strategy was most frequently used in solving item 2. More specifically, it
was observed that 94 students (100%) had used this solution strategy. Furthermore, 51 students (68.9%) among
74 students used average formula solution strategy to solve item 1-a and 44 students (69.8%) among 63 used
strategy to solve item 1-b.

For example, Participant 154 used the solution strategy to solve item 2 as presented below:

Participant 154:

a) Her iki sirkete ait mumlarin yanma siirelerinin aritmetik ortalamalarini bulunuz.

; o
Aritmetik Ortalama \ C;J) 2
- S | w)
1 1 O 1 <4 10 ) L
15 &— A Sitketi20FI0F Vo4 11+ O +18T 13-+ 19=120 40
A LAS 1 & 1 9 By V] ‘—j N« C
by &—B Sirketi22+ 20t ISt (1T 81104 & = \?\8 \Yg‘
8 16
42
— 5 TR

o lFiguré 4. Answer of partiéipant 154 to item 2-a

As can be observed in the solution of Participant 154, to find arithmetic average of the burning times she added
all the burning times of the candles for each company and then divided the sum by the number of candles in the
companies. Thus, the participant used the average formula solution strategy.

In general, based on the results of the study, the average formula solution strategy was most frequently used in
the questions requiring the calculation of the mean when values of a data set were given. On the other hand, the
strategy was also used in the questions requiring construction of a data set for the given mean of a date set.

Conclusion

Findings of this study revealed that the seventh grade students used two different solution strategies to solve the
questions regarding the concept of mean. The solution strategies were named as the balance model and the
average formula.

In the present study, while finding the mean of a data set or a missing value of a data set for the given mean, the
average formula solution strategy was used mostly. This finding was in agreement with the study of Mokros and
Russell (1995), where average of a data set was given and the construction of a possible data set was required. In
other words, one of the five different constructions of representativeness was algorithm (arithmetic average) in
the study of Mokros and Russell (1995). More precisely, most of the students used the average formula solution
strategy while constructing a data set for the given mean (Mokros & Russell, 1995). This finding was also
consistent with the results of studies conducted by Cai (1998; 2000) who stated that most of the participants also
used average formula solution strategy to solve averaging problems. Students' tendency to use the average
formula solution strategy to solve the items could be attributed to the fact that only this strategy might have been
used by the mathematics teacher to find the mean of a data in the mathematics classes.

On the other hand, some of the students used the balance model solution strategy to solve these kinds of
questions. The balance model solution strategy was generally used while constructing a possible data set for the
given mean compared with the solution of the questions which required finding the mean of a data set. This
finding was also in agreement with the study of Mokros and Russell (1995) since the findings of the study
indicated that one of the constructions of representativeness of average was accepted as the balance point.
Furthermore, the results of the studies of Cai (1998; 2000) showed that participants used the levelling solution
strategy to solve questions regarding the mean, which was similar to the balance model solution strategy used in
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the present study. The balance model solution strategy could be considered as an invented strategy since the
mathematics' textbooks in Turkey do not include this model as a solution strategy to solve the mean questions.
Thus, this strategy could be included into the textbooks as an alternative strategy to solve the questions related to
the concept of mean.

Recommendations

Findings of the present study were limited with two questions of the questionnaire however when different
questions were asked related to the concept of mean, different findings could be reached. Furthermore, a similar
study might be conducted in private schools to investigate private middle school students' understandings
regarding the concept of mean. Moreover, a longitudinal study could be conducted to investigate the
development of middle school students' procedural and conceptual knowledge regarding the mean concept based
on their grade level.
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Abstract: As effective teaching practices support students’ learning; it is essential to investigate teachers’
teaching practices. It can also shed light on the causes of students’ difficulties. In this regard, proposing teaching
practices might be important as the practices can give insight about what is going on in teaching process. Thus,
the aim of this study is to extract the practices by focusing on the teachers’ actions during the teaching of
operations with algebraic expressions. Mathematical Knowledge for Teaching (MKT) model which is a practice-
based approach to the knowledge concept is used as a framework in this study. Thus, this study focuses on
teaching practices of operations with algebraic expressions (addition, subtraction, and multiplication). Data were
collected from two middle school mathematics teachers’ instructions. The two teachers were the cases in this
qualitative research and the data were analyzed by compare and contrast method. The practices that are found in
the study are: defining the concept of term, like term, constant term, and coefficient; using equal sign; using
analogies to explain addition and subtraction; using algebra tiles; providing mathematical explanations for
distributive property; and noticing students’ misconceptions in simplification and equivalence of algebraic
expression. The results suggest that the conceptual teacher knowledge influences teaching practices positively
and teacher knowledge should be used in appropriate pedagogical organization to develop teaching practices.

Keywords: Algebraic expression, middle school mathematics teacher, teaching practice

Introduction

One of the factors that have an influence on students’ learning is teaching practices (Saxe, Gearhart, & Seltzer,
1999) as the examination of teaching practices can shed light on the causes of students’ difficulties. Practices are
defined as “core activities that could and should occur regularly in the teaching of mathematics” (Franke,
Kazemi & Battey, 2007, p. 249). In this regard, proposing teaching practices might also be different and
significant as Charalambous (2016) stated. Teaching practices can give insight about how teachers use their
knowledge in teaching process and it is meaningful to understand how students learn. Thus, the aim of this study
is to extract the practices by focusing on the teachers’ actions throughout the instruction of operations with
algebraic expressions.

The Significance of the Study

As Wilkie (2014) indicates, the studies about teaching practice for algebra was scarce; thus this study is
important for filling the void about practicing teacher algebra knowledge in classroom research. Tirosh, Even
and Robinson (1998) found that the teachers who had conceptual knowledge and the knowledge of students
could show effective practice with explaining like term and unlike term, and use strategies for simplification
algebraic expressions appropriately. In equivalence of algebraic expression, Hallagan (2004) showed the
importance of teacher’s using algebra tiles appropriately underlying with area concept in learning the application
of distribution.
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In algebra learning, both conceptual and procedural development of the algebraic expression is essential for
forming an equation and solving it (Capraro & Joffrinon, 2006). However, manipulating algebraic expressions is
one of the difficult algebra topics for students (Banerjee & Subramaniam, 2012; Livneh & Linchevski, 2007;
MacGroger & Stacey, 1997; Seng, 2010). At this point, the studies about algebra teaching are scarce and there is
also a need to understand the causes of students’ difficulties in algebra learning. Thus, this study focuses on
teaching practices of operations with algebraic expressions (addition, subtraction, and multiplication).

The Aim of the Study and Research Question

The aim of this study is to extract the practices by focusing on the teachers’ actions throughout the teaching of
algebraic expressions (simplification and equivalence of algebraic expressions). Thus, the following research
question is framed: what is the nature of middle school mathematics teachers’ teaching practices in the
instruction of operations with algebraic expressions?

The Framework
Mathematical Knowledge for Teaching (MKT) model that is a practice-based approach to the knowledge

concept by Ball, Thames, and Phelps (2008) is used as framework in this study (see Figure 1). MKT is defined
as “the mathematical knowledge needed to carry out the work of teaching” (Ball et al., 2008, p. 395).

Subject Matter Knowledge i Pedagogical Content Knowledge
/—- _\
Common Knowledge of
Knowledge Students (f('(‘:dS)
(CCK) SpedaICOmlzadm Knowiedge
Knowledge Knowledge Knowledge of currg.llum
at the (SCK) Content and
mathematical Teaching
horizon (KCT)
\ __/

Figure 1. Mathematical knowledge for teaching model (Ball et al., 2008, p. 395)

This model has two main domains as subject matter knowledge and pedagogical content knowledge. The
domains have also sub-domains. Ball and her colleagues explained the model with the descriptors based on
mathematical demands of teaching. To illustrate, “using terms and notation correctly writing on the board” (p.
399) and; “how mathematical language is used; how to choose, make, and use mathematical representations
effectively” as examples for subject matter knowledge (p. 400); “anticipating or predict the mistakes or
misconceptions that commonly arise during the instruction” as an example for pedagogical content knowledge
(p.375). The current study investigated these mathematical practices for teaching algebraic expressions.

Methods

In this study, qualitative research design was used to investigate middle school mathematics teachers’ teaching
practices in the context of simplification and equivalence of algebraic expressions. In the qualitative research, a
problem or issue is handled with detailed data that are got from different aspects and sources and participants’
interpretations (Creswell, 2007). The two teachers were the cases in this qualitative research and the findings
were presented by compare and contrast method. Particularly, multiple-case study design with single unit of
analysis was used from types of case study designs (Yin, 2003).

The participants were two middle school mathematics teachers and they have been working in the same public
school. They were teaching algebra topics to 7" grade students at the same time during the data collection.
These teachers were selected and convenient sampling method was used because of the accessibility and their
volunteering. The main data were collected from two middle school mathematics teachers’ instructions. The
researcher observed the lessons in two different 7" grade classes, took field notes, and video-recorded with a
camera. After each class session, the researcher conducted post-observation interviews with each teacher
separately.

32



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 18 - 21, 2017 Ephesus-Kusadasi/Turkey

The instructions of two teachers were analyzed and described independently first. The practices of the teachers
were grouped based on the common patterns in the teacher’s actions that they performed throughout the
instructions. MKT model was used in order to determine the practices. The practice-based descriptions of
domains were used to explain the practices.

Findings

The extracted practices in this research were: defining the concept of term, like term, constant term, and
coefficient; using equal sign; using analogies to explain addition and subtraction; using algebra tiles; providing
mathematical explanations for distributive property; and noticing students’ misconceptions in simplification and
equivalence of algebraic expression.

1. Defining the Concept of Term, Like Term, Constant Term, and Coefficient

At the beginning of the instruction, Teacher B distributed the worksheet to remind algebraic expressions that the
students learnt at 6™ grade. She reminded what the algebraic expression, term, coefficient, constant term, and
like term was. She defined term, like term, constant term, and coefficient concepts correctly by working on the
worksheet which had definitions and examples for these concepts. She emphasized the importance of like terms
in order to do addition and subtraction with them.

On the other hand, Teacher A had lack of knowledge about the constant term concept as she did not accept it as a
term. For example; in 9x+5x>-9x-7, she indicated -7 as constant, but she did not accept it as a term. The lack of
her knowledge caused incorrect defining of constant term. In the post interview, she admitted to the researcher
that she had defined the concept of constant incorrectly when the researcher explained what the constant was.

2. Using Equal Sign

The students did not use equal sign appropriately in expressions. However, Teacher A did not correct them and
make any explanations. The student answered 8m correctly, but he used the equal sign inappropriately to show
the result that he found as it is shown in the Figure 2. The student added the variables and constant terms
separately. He started to write the addition of variables as if it equaled the whole expression. He first added 12m
+ (-5m), got 7m. Then, he wrote 7m after the equal sigh and added m, and got 8m. In this case, 8m was the result
of the question regarding the using of equal sign. Teacher A did not intervene any of these representations.
However, the student used the equal signs incorrectly. After Teacher A asked to add the constant term, the
student added them (1-9) separately and found -8. Teacher A wrote the results together as 8m-8 at the bottom
instead of the place of the answer.

Figure 2. The use of equal sign as the result indicator

On the other hand, Teacher B was aware of students’ incorrect writings and corrected them throughout the
instruction. For example; she corrected the students’ incorrect writings (see Figure 3) when they collected the
like terms separately in another place, and they did not write as the result. Teacher B warned students against
leaving the results of the addition of like terms. She suggested writing the results on the right side of the equal
sign after finding the answers.

QX'\“tX:é,)g
(T g

Figure 3. The simplification of 2x+5+4x-9

b X~
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3. Using Analogies to Explain Addition and Subtraction

Teacher B used analogies in order to teach addition and subtraction in simplification of algebraic expression. For
example, she used apple and pear analogy as well as the net worth (i.e. asset and debts) analogy to express
different kind of the variables. For example, the explanations of Teacher B’s for solving ‘2a+3-a-4’ was as in the
following:

B: | have 2 pears, if | give one of them, | have 1 pear. It is represented as 1a. | have 3 TL assets, 4 TL debts.
Even if | get the assets, | will have 1 TL debt. Look if the algebraic expression is alone, it means 1 of it. So, we
do not need to write 1. You have to know 1 before it.

Teacher B generally used asset and debt concepts and apple-pear representations for explaining the solution of
these questions as indicated above. The students could understand much better when the teacher used the concept
of variables with analogies. On the other hand, Teacher A did not use any analogies.

4. Using Algebra Tiles

Teacher A used algebra tiles as mathematical representations inadequately to explain multiplication since she did
not explain area calculation of rectangles. Instead of this, she explained repeated addition for 2.(3x+3) as in the
Figure 4. This representation can be used, but the nature of algebra tiles requires explaining area concept. First,
she should have explained x and 1 which were written on the tiles were the areas of the tiles. The tiles were
rectangles (for x) and squares (for 1). For x tile, the multiplication of x by 1 is 1; and for 1 tile the multiplication
of 1 by 1 is 1. Then, she could have explained the sides of the modeling as rectangle in the figure. One of the
sides was 6 unit, and the other side x+1, and the sum of areas was 6x+6.

Figure 4. The representation of 2.(3x+3) with algebra tiles

On the other hand, Teacher B had stated that underlying idea of using algebra tiles was the area concept in
planning process; she did not use them in teaching multiplication of algebraic expressions. Instead of modeling
with tiles, she taught the multiplication procedurally by explaining the rules. Teacher B gave 4.(5-3x) to show
the application of distributive property for algebraic expression. She asked the students to use the distributive
property in order to do multiplication since 3x could not be subtracted from 5. She multiplied 4 by 5 and -3x
respectively, and got 20-12x as the result. She stated that the result was 20-12x because of the absence of like
terms that could be added or subtracted.

5. Providing Mathematical Explanations for Distributive Property

Two teachers explained and showed the application of distribution property within different strategies. Teacher
A connected repeated addition with distributive property in multiplication appropriately. For example, she asked
to the students to express the perimeter of the rectangle whose sides were m and n length algebraically. When the
students found 2m+2n, she represented it as 2(m+n) to show distribution property as in the script:

Student: m+m+n+n=2m+2n

A: Okay, what is the common in two expressions?

Student: 2.

A: Then, we can take the parenthesis of 2, we take m and n from the expression. (She is writing 2(m+n)). It is the
distribution property of multiplication to addition.
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In this situation, the student added the variables separately and he did not use multiplication. Teacher A guided
him to find the common number in the expression and she wrote 2(m+n) herself. She explained that it was the
distribution property of multiplication to addition. This question could be useful for students for the reason that it
provided to connect the repeated addition with multiplication.

On the other hand, Teacher B connected with integers to explain the application distributive property
appropriately. For example; she reminded how they find the result of 3.(4-1) by distribute property, then she
asked the students to compare it with 3(x-1). Two teachers did not use algebra tiles based on area concept to
explain distribution.

6. Noticing Students’ Misconceptions in Simplification and Equivalence of Algebraic Expression

Teacher A emphasized the kind of variable without considering its power while studying on like terms.
However, x and x* had same variable but they were unlike terms. Thus, she may cause misconceptions with this
definition. Actually, most of the students had difficulty in determining like terms to simplify expressions. On the
other hand, Teacher B was more careful so that she provided explanations about like term concept correctly, the
procedures of addition operation, and the sign before the parenthesis adequately considering the needs of the
students. Two teachers noticed some misconceptions in simplification of algebraic expressions throughout the
instruction such as; thinking of 4.x as two-digit number, x.x as 2x, and adding unlike terms. For example, some
students tried to add or subtract the terms that were not like such as addition of an integer and an algebraic
expression. A similar error was observed in simplifying of 3n-6-3(n+2), Teacher B explained the requirement of
like terms to add or subtract as in the following:

Student: I will distribute 3 to (n+2), Then | will add 3n and 3n, subtract from 6.

B: Your friend has said that he would add 3n and 3n and subtract from 6. Are there any unknowns with 6?
Variable? None. We do operations only like terms.

Figure 5. The simplification of the expression by the student
In this situation, Teacher B indicated that 6 was not an algebraic expression and so it could not be operated with
algebraic expressions, when the student tried to do it. She noticed the misconception and addressed it by
explaining like term concept.

In sum, the practices that are explained above can be presented in the following table:

Table 1. The practices in the instruction of algebraic expressions

Practices Teacher A Teacher B
1. Defining the concept of term, *not accepting the constant as a *defining the concepts correctly
like term, constant term, and term
coefficient *defining of «like term» can cause
misconception (having same kind
of variable)
2. Using equal sign *using correctly *using correctly
*not correcting students’ incorrect  *correcting students’ incorrect
uses uses
3. Using analogies to explain *not using * expressing the kind of the
addition and subtraction variable with apple and pear
analogy

*expressing the procedures with
net worth concept by using assets
and debts concepts
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4. Using algebra tiles *using algebra tiles as repeated *not using
addition
*not explaining area calculation
of rectangles in multiplication

5. Providing mathematical *connecting with repeated *connecting with integers
explanations for distributive addition
property
6. Noticing students’ (Two teachers noticed the misconceptions that arose in the instruction)
misconceptions in operations *noticing the following misconceptions

thinking of 4x as two-digit number,

X.X as 2X,

adding unlike terms

Conclusion and Discussion

The teachers’ practices of how to use mathematical representations as algebra tiles was inadequate. They did not
explain the area concept that was underlying the idea of using algebra tiles. However, the instruction with
connecting models or representations mathematically, particularly with algebra tiles in algebra, supports
students’ understanding (Caglayan, 2013; Tchoshanov, 2011). The students had difficulty in understanding the
concept of distributive property, since they did not have adequate understanding of the structure of expressions
(Kieran, 1989). However, the teachers did not use algebra tiles to teach multiplication and particularly to show
the application of distributive property. The equivalence of expressions using area modeling supports students’
understanding of the application of distributive property (Caglayan, 2013; Hallagan, 2004).

In using mathematical language, the remediation of incorrect writings in using equal sign can provide the
students an understanding of the function of the equal sign as relationship between the first algebraic expression
and the simplified expression (Alibali et al., 2007). Teacher B’s use of analogies to explain the procedures in the
simplification of algebraic expressions is a suggested method in the literature. For example, Ojose (2015)
suggested the use of real-life examples such as apple and orange as a model to teach adding unlike terms.
Similarly, Filloy and Sutherland (1996) asserted that the use of concrete models such as tiles, or apple-pear
analogy provides translation to abstract level of algebraic expression to facilitate students’ learning.

In the aspect of the practice related to students’ thinking, Teacher B had more conceptual subject matter
knowledge and she could catch students’ misconceptions in the instruction. Similarly, the researchers stated that
when the teachers had strong subject matter knowledge, they took into account the students’ thinking (Bas,
Catinkaya, & Erbas, 2011; Depaepe et al., 2015; Jacobs, Lamb, & Brown, 2010). Thus, teacher knowledge
including students’ understanding and needs is essential for effective teaching practices (Anderson, White, &
Sullivan, 2005).

Suggestions

Effective teaching practices require using appropriate and adequate knowledge pedagogically (Doerr, 2004;
Fennema & Franke, 1992). Teachers can improve their teaching by having meeting together and share good
examples and experiences from their classes. Additionally, they can ask for suggestions to their colleagues when
they have difficulties in teaching. The mathematics education researchers also can present the results of the
studies and suggest different type of activities or examples from the literature in in-service trainings in order to
enhance teachers’ practices of teaching algebra.
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Abstract: Previous studies have revealed that students have misconceptions on numbers specifically on real
numbers (Tall & Schwarzenberger, 1978; Ely, 2010). In order to eliminate the misconceptions, Voskoglou
(2013) suggested that teaching should emphasize the use of multiple representations of real numbers and flexible
transformations among the representations. In the current study, we conducted classroom teaching experiments
(Cobb, 2000) with 19 prospective mathematics teachers in an English-medium university in Istanbul about the
decimal representation of real numbers with the emphasis of quantitative reasoning (Thompson, 2011; Karagoz-
Akar, 2016). The ongoing and retrospective data analysis was done through line by line analysis of the
transcriptions of the video records and the written artifacts. Results showed that thinking through quantities
depicted in diagrams, once prospective teachers related long division with multiple representations of rational
numbers such as fractions, equivalent fractions and decimals through the mental actions of equal partitioning,
grouping and counting, they were able to deduce that all these representations corresponded to the same number
and squeezing the decimal representation of both rational and irrational numbers, prospective teachers were able
to deduce that real numbers could be represented by the limits of rational number sequences. Results might
contribute to the mathematics education field by providing task sequences showing how difficulties regarding
the real numbers could be eliminated via focusing on quantities.

Keywords: Real numbers, quantitative reasoning, decimal representation, prospective teachers

Introduction

Numbers are in the center of mathematics learning and curriculum. Due to the importance of the numbers in
mathematics education, researchers focused on students, pre-service and in-service teachers conceptions of
numbers. Particularly, Tall and Schwarzenberger (1978) emphasized that students have misconceptions about the
relationships between decimal and limit concept and decimal and fractions. Difficulty aroused about real
numbers was that students had a confusion when two different decimals represented the same real number (Tall
& Schwarzenberger, 1978). Similarly, in an another study (Ely, 2010) about students' conceptions on
infinitesimals, an undergraduate calculus student was interviewed. The researcher revealed a similar
misconception: the student did not think that 3,99999.... and 4 represents the same number. In addition,
Voskoglou and Kosyvas (2012) examined students' difficulties in understanding real numbers via quantitative
and qualitative studies. The results of the study showed that students had an incomplete understanding of rational
numbers;they preferred to deal with decimal representation more than fractions; and, students having difficulties
in rational numbers could not answer the questions about irrational numbers, too. They suggested that while
teaching real numbers, the use of multiple representations of real numbers and flexible transformations among
them shoucl be emphasized (Voskoglou, 2013, p.41). Similarly, it is proposed that for the teaching of real
numbers, quantitative reasoning (Thompson, 2011) could be used (Karagoz-Akar, 2016). Therefore, in the study,
we investigated the following research questions: How do prospective mathematics teachers reason while
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developing the decimal representation of real numbers through quantitative reasoning? What meanings of real
numbers do prospective mathematics teachers develop during an instructional sequence involving quantitative
reasoning?

Method

In this section, we describe participants, data collection and data analysis. The sample of the study (N=19) was
the prospective primary and secondary mathematics teachers (from now on called as students) in the same
university. The design of the study was classroom teaching experiment (Cobb, 2000) in which "the researchers
engage in promoting the development as part of cycle of interaction and reflection" (Simon & Tzur, 1999, p.
253). The teaching sequencewas divided into four phases: Phase | included a review on rational numbers,
fractions, equivalent fractions and their relationships. Phase Il included students' representing examples of
terminating and non-terminating positive rational numbers and their making sense of the relationships among
different representations such as long division, division algorithm and diagrams. Phase Illa-b included students'
re-writing and examining the properties of the decimal representations of any rational number as sequences.
Phase IV involved examining irrational numbers through decimal representations and students’ reaching at an
altenative definition of real numbers (Usiskin, Peressini, Marchisotto & Stanley, 2003). Throughout the teaching
sessions done by the first author, along with the individually written artifacts, students' discussions and class
work were videotaped and recorded. Also, before and after the teaching sessions, to assess students’ current
knowledge a written assessment was given. After the completion of teaching sessions, the data were transcribed
by the first researcher. For the analysis, both ongoing andretrospective analysis (Steffe & Thompson, 2000) was
followed:Reading line by line the transcipts of the teaching sessions,the researcher thought of both the
individuals' mathematical thinking and class' mathematical thinking as a group (Heinz, 2000). The reason of
focusing on individual students' mathematical reasoning was that "the individual students' mathematical activity
and the activity of the classroom was related" (Heinz, 2000, pp.59).

Results and Findings

Since the focus of analysis was students' quantitative reasoning throughout the teaching sessions, while doing
that individual students' and also the inclassroom’s thought processes wererevealed. Mainly the results about
Phase 11, Phase Illa and Phase IV are shared in this section. Though we would like to briefly poin to the taken-
as-shared meanings from Phase I. At the begining of the instruction, in Phase I, students were asked to define
rational numbers, fractions,equivalent fractions and the relationship among them. Mostly students stated rational
numbers as the ratio of two integers with the denominator not equal to zero. Students thought that rational
numbers differed from fractions in the sense that rational numbers could take negative values. Also, some
students knew and explained that fractions represent amounts. That is why all the students agreed upon the idea
that fractions could be represented as positive rationals. Some students also stated and all the others agreed that
equal fractions represented the same amounts. They were also able to draw diagrams representing both fractions
and equivalent fractions. Realizing students’ current stage of knowing, we emphasized that they would work on
fractions and equivalent fractions as representing amounts and they would be asked to draw diagrams
throughtout the whole teaching sessions. Also, during the Phase I, we asked students to show the decimal
representation of 7/2 using three representations: long division, division algorithm and diagrams. Then, in Phase
I, we asked students to express the decimal representation of 11/3 using three representations again: long
division, division algorithm and diagrams. The reason together with working on the example 7/2 was to take
their attention to the fractions with both non- repeating and repeating decimals. In the following excerpt we share
the classroom discussion on the use of diagrams for finding the decimals of 11/3 with relation to the long
division:

R: How did you continue to division?

S1: After the remainder 2, | put comma next to quotient and zero next to remainder.
R: Why did you do like that?

S1: Since | could not divide 2 by 3.

R: What does this mean in terms of diagrams?
S4: Expanding the fraction 2/3 by 10.

S9: Equal-partitioning.

R: So what happens to 2/3?

S1: 20/30.

R: How can you represent 20/30 in the diagram?
Class: We partition each piece into 10.
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S1: We are looking for 1/10 ths in 2/3. We know that the little piece is 1/30. Therefore, | can take 3
piece (groups) of 1/30. Then I get 1/10 (showing the first three pieces). Actually I am searching for
3/30 ths in 2/3.

R: So how many 1/10 th do you have in the diagram?

S1: 123456 many 1/10 th. | scanned 6 many 1/10 in the diagram by grouping 1/30 th by 3 and there
is remaining portion 2/30.

2/3

Figure 1. Exession for 2/3 through decimals

As the excerpt shows, the students related putting zero next to remainder and comma next to quotient in the long
division through diagrams. They knew that getting equivalent fractions to 2/3 by partitioning each piece into 10
pieces meant putting zero next to the remainder in the long division. They also knew that they ooked for 1/10's
after comma in the long division. Thus, in the diagram, they focused on the little piece they obtained through re-
partitioning which was 1/30. Through grouping 3 of 1/30's which equaled to 1/10 students came up with the
number of 1/10's in 2/3=20/30. As a result they found 6 many 1/10's and a remaining portion and grouped
portion as 2/30. This reasoning showed that students worked on the fractional parts (e.g., 2/3) as quantities and
engaged in partitioning and grouping. leading to That is, they not only regarded 2/3 as a number but as also a
quantity. Therefore, quantitatively, they were able to measure 2/3 by 1/10's, resulting in 6 many of them with the
left over part of 2/30. The following student work illustrated how they continued finding further decimals by just
zooming in the ungrouped-left over part (2/30, 2/300 etc.) through re-partitioning by 10 and grouping by 3 again:
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Figure 2. A student's work on the decimal representation of 11/3 through 3 representations

As the data indicated, students were able to think of 2/30 (the left over part) in the diagram as a quantity and re-
partition it into 10 more equal pieces getting at 20/300. Then, regrouping 3 of the 1/300 getting at 1/100, they
were able to find the number of 1/100 in 20/300. They knew they looked for 1/100s because they did not have
any 1/10 any more in the left over part, 20/300 (e.i., 2/30). This way they knew there were 6 many 1/100 in
20/300 with left over 2/300. The Figure 2 also points to their repartitioning 2/300 (i.e., 20/3000) and regrouping
1/300 to come up with the number of 1/1000 in 20/3000 (i.e., 2/300).

Then, writing the decimal expansion of 11/3 as in the figure above (the last line in the figure), students were
asked to squezze the decimals in nested intervals. By doing this students focused on the ungrouped parts of the
diagram and based on these parts they obtained the intervals as in the figure 3.

After that students were asked to focus on the lower bounds and upper bounds separately and they were asked
whether these lower and upper bounds formed sequences or not. Students agreed that the were sequences. Then,
they examined the properties of the sequences and obtained that the lower bounds formed increasing bounded
rational number sequences and upper bounds formed decreasing bounded rational number sequences. By finding
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the differences between corresponding terms of the sequences starting from the first setp and ending at the last
step as in Figure 3, and finding that the difference in the last step was equal to 1/10" they realized that when n
goes to infinity the difference approached zero. Since the number between these sequences was 11/3, they
cameup with the result that both sequences represented 11/3.

1. Swep:

3 G0 =3 - G100 5 23500 3 + G510 = 1,10

2 Stoepo

3 G100 - G107 =3 - G610 + G107 - 203107 =8 - G0 - G107 - 1,107
I . Step:

3 4 G/L0 + G107 4 G107 =3 + G110 + G107 4 G107 - 273,107 3 4 G100 +
G10® 4+ G105 4 17105

.St -
3+ GUI0 + G102 - + G0 =3 5 G0 5 G102 -+ G100 o 23010
-3 - G010 - G107 5 4+ G10™ = L1007
Figure 3. Interval for 11/3
Then during Phase 111, they generalized their findings to any positive rational number using symbols and

notations. Then, in Phase 1V, they focused on the irrational number case using the generic example \3. For the
irrational number case, students thought of number line and as in the rational number case, they did
repartitioning by 10 on the number line for the interval of V3. By taking squares of the bounds they placed 3 in
the interval and then they took the square root of 3 for finding the interval of V3. By going this way they
obtained nested intervals as (1.7, 1.8) 2(1.73, 1.74) 5(1.732, 1.733) o.... Again focusing on then lower and
upper bounds separately, they concluded that the lower bounds formed increasing bounded rational humber
sequences and upper bounds formed decreasing bounded rational number sequences. By finding the differences
between corresponding terms of the sequences as they did earlier, theyanalyzed that when n goes to infinity the
difference at the las step, 1/10" approached zero. Since the number between these sequences was V3., they again
concluded that both rational number seqeunces represented V3.

Z Iz z o 22 3 I 2555 I G 7 8 fr i o) 2
~3
7 I 7z I 72 I 73 I 7L 75 I 76 I 77 I 78 I 7o I8
3
I 73 7. 737 I 732 I 733 I 734 I 735 I 736 I 737 I 738 1I.732 I 7L
-3

Figure 4. Interval of \3

Finally, by examining both a positive rational number and a positive irrational number, students concluded that
positive real numbers can be represented by both increasing and decreasing bounded rational number sequences.

Conclusion

Results from this study showed that reasoning on quantities depicted in diagrams, once students related long
division with multiple representations of rational numbers such as fractions, equivalent fractions and decimals
through the actions of equal partitioning, grouping and counting, they were able to deduce that all these
representations corresponded to the same number. This was important because research has shown that students
had difficulties regarding different representations showing the same number (Voskoglou & Kosyvas 2012).
Similarly, squeezing the decimal representation of positive rational numbers, they were able to deduce that
rational numbers could be represented by rational number sequences. Also, through partitioning and re-
partitioning of the intervals on an example of an irrational number, they realized that irrational numbers also
could be squeezed by two rational number sequences. Therefore, they could conclude that not only rational
numbers but also irrational numbers could be thought of as the limits of sequences of rational numbers. This was
also important because previous research has shown that students had difficulties in reasoning about rational
numbers, irrational numbers and hence real numbers (Voskoglou, 2013). In our case, since students were able to
deduce an alternative defintion of real number by using rational number sequences multiple representations as
fractions diagrams, decimals and rational number sequences, they were able to think that different decimals
could correspond to the same real number.
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Abstract: Mathematics teachers do not remember how they interact with their students’ in mathematics
classrooms and also do not have ample time to reflect and analyse their pattern of interaction with the students;
however, they continue interacting differently with females and males without knowing. This study aimed to
investigate teacher-student interactions at junior secondary (JS3) mathematics classroom for gender bias. Mixed
method research design was employed. Two instruments were used such as Interaction for Sex Equity in
Classroom Teaching (INTERSECT) with a coding sheet and interviews. Six mathematics teachers, three males
and three females were observed three times each. The researchers recorded 361 interactions of 180 male and
150 female students who were present in the observed classrooms. The findings revealed that males received
significantly more acceptance-intellectual interactions than females did, the female learners receive significantly
more remediation— intellectual interactions than males did.

Keywords: Gender bias, mathematics classrooms, teacher-student interactions

Introduction

There is a global rise in the consciousness of the impact of gender issues in education (Modo, 2011; UNICEF,
2014). All over the world, gender issues have become topical due to their ripple effects on all spears of human
existence (Banks, 2005; British Council, 2012; Egbe-Okpengen & Orhungur, 2012; Miller et al., 2009; Sadker &
Zittleman, 2009), Nigeria is no exception. The occurrence of gender bias in teacher-student interactions in
mathematics classrooms in Nigeria is subtle in nature as such teachers are not aware that biases existence. This
happens on the daily basis decisions on regarding the classroom interactions of teachers with their students;
where teachers have no time to reflect or think back on their interactions with students in their respective
classrooms. Despite that many studies have addressed gender bias on teacher - student interactions in the
classrooms (Duffy et al., 2001; Hassaskhah & Zamir, 2013; Kokas, 2012) gender bias still exist. It suffices to say
that presently, gender bias is persisting in Nigeria mathematics classroom as established by Farajimakin (2010),
in which, male students are favoured in the classrooms in various subjects such as mathematics, physics, science
and technology. Teachers give more attention to male students than female students (Salman et al., 2011). The
bias is often subtle and unintentional, but its result is harmful. Adeyemi and Akpotu, (2004), Sadker and
Zittleman, (2009, 2007) claimed that gender roles difference is prevalent in Nigeria and other parts of the world.
Farajimakin (2010), Mustapha (2013), affirmed categorically that gender discrimination in classrooms is still
prevailing.

Literature Review

In a study of teacher—student interactions a sample of one hundred fourth, sixth, and eighth grade classrooms, the
findings showed that male students consistently out-talked and as well as out-participated female students
(Sadker et al., 2007). Similarly, Becker (2001) also discovered that teachers began conversation with males more
than females. However, these findings are similar to those of She (2000), who found that most of the teacher-
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initiated interactions involved more male students by using Brophy-Good Dyadic Child Interaction System, she
(2000) found out that 355 teacher-initiated questions, male students responded 78.7% to the teacher questions in
a mathematics classroom of 50:50 sex distribution. In another study, Kaily (2015) investigates gender bias in the
mathematics classrooms in the South western British Columbia Canada Christian middle school whether boys
and girls receive the same kind of attention from the teachers. Quantitative analysis of observation was
conducted on different teachers. A sample of eight teachers of grades six, seven and eight was used. The findings
revealed that boys received 13.58% more of teacher interactions and the girls received a less behavioural type of
interaction from the teachers than boys and both girls and boys receive similar amount neutral interpretations
from their teachers. Unfortunately, inferential statistics were not used in Kaily (2015) and Shel (2000) studies, it
is not clear whether there is significant difference between female and male teachers’ interactions patterns.
Therefore, there is a need for inferential statistics to determine the significant different of the teacher interactions
with both male and female students.

We reviewed the study of Einarsson and Granstrom (2002) that investigated the interactions of teachers and
students in the high school aiming at the effects of the teacher gender and student gender in mathematics. A total
of 597 students (294 males and 303 females) and 28 male and 8 female teachers were used in the study. The
observation instrument used was Interaction for Sex Equity in Classroom teaching (INTERSECT). Their
findings revealed that female and male teachers interacted with males more than females. But in contrast, Jones
and Dindia (2004), findings suggested that teacher interacts more with female students. More recently, Bag et al.,
(2014) examined female and male teachers’ interaction with female and male students in preparatory
mathematics lesson at State University Turkey. The instrument used was video-recorded and observation
Sinclair and Coulthard’s Classroom Discourse analysis model was adopted. The findings of their study suggest
that there is no equal distribution between the teachers’ moves in both academic and non-academic directed to
male and female students in classrooms. The findings of Bag et al (2014) are contradicted by the results of Leder
et al., (2014) that examined teacher-interaction with high achievers’ male and female students of grades 7 and 10
in Australia which shows that teacher gives greater attention to male students with high achiever than female
students with higher achievement too. Most of the studies on gendered teacher-student interactions in
mathematics classrooms have been conducted in western world (Howe & Abedin, 2013). It is repeatedly
suggested to explore whether these results can be reproduced in other nations.

Studies by Kechen (2007), Khine and Fisher (2003) examined teacher and pupil interactions in mathematics
classroom levels at each different stage of classes in Northeast England. A modified version of INTERESCT was
used to record the classrooms interactions. The findings revealed that female learners received more positive
feedback from the teachers than males. Secondly, male learners are active more in the morning lessons, while in
contrast, female learners get attention more in the later period of the lesson than males. The results of Kechen
(2007), Khine and Fisher (2003) are contradicted with the findings of Koca (2009), Sobel et al., (2004) that
indicated female and male teachers interact more with male learner more than their female counterparts. It is
interestingly to note that the results of the study would have pedagogical and psychological implications which
require further studies. Many of these researches on gendered teacher-student interactions in mathematics
classroom has generated inconsistent findings in various studies. That is negative feedback found in females than
in males but it is still unclear which female students that account for these negative feedback increased (Howe &
Abedin, 2013). Previous studies on teacher-student interactions in mathematics classrooms focused on secondary
and university mathematics students. This present study extends to JS 3 mathematics classes in Nigeria.

Gul et al, (2012) in their study found that teachers interact with male students which are paralleled to the
findings of Shomoossi et al., (2008). However, Staverman (2012) found that in grades 7 -9 of middle school
mathematics, although male teachers interact more with male learners than females, but however, female
teachers interact equally with female and male learners. The findings of Gul et al, (2012) study are interested
simple because of the size of the sample of 155 teachers from 21 schools, the stratified random sampling and
inferential statistics analysis were used in the study. However, there is difference between the studies of Gul et
al, (2012) and Staverman (2012) whether the middle female teachers are equally interacting may be as a result of
either (i) weak statistical effects which could be expecting to fluctuate from studies to studies or (ii) different
population of participants in the study. In sum, the findings suggested that females sometimes are receiving
messages that are subtle which can affect their academic negatively.

Problem Statement

Gender bias is manifested in teacher-student interactions in mathematics classroom have a negative implication
for both male and female students which may affect them from reaching their full potential (McDonnell, 2007.
The occurrence of gender bias in the mathematics classrooms is subtle in nature as such, teachers are not aware
of its existence. Female students are continually treated differently in mathematics classrooms besides the fact
that teachers give more attention to male students than female students. Improvement of gender equity of
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teachers’ interaction in mathematics has been a concern of researchers. It is based on this issue that the
researchers choose to ascertain the extent of gendered interactions of teachers in mathematics classrooms. In
Nigeria, research on gendered teacher-student interactions in mathematics classrooms is scare, however, the
small amount of studies focuses on teacher-student interactions in primary science and physics (Kalu, 2005;
Oyebola, 2003). Therefore, there is a need to investigate teacher-students’ interactions at junior secondary
mathematics classrooms in Nigeria to proffer solutions to the differential treatment of male and female students
at junior secondary school mathematics classrooms.

Purpose of the Study

This study examined teacher- student interactions patterns for any possible gender bias in junior secondary
mathematics classrooms (JS3) in Abuja Nigeria. Observations of the junior secondary school mathematics
classrooms are important since a lot of female students begin their first senior education experience at junior
secondary (JS3) level. In addition, since these students choose their career at junior secondary school, the junior
secondary school is a place to observe for any possible gender bias. Teachers’ differential treatment of females
in mathematics classrooms, may cause student to chance their career choice.

Research Questions
The study sought to find answers to the following research questions thus;

1.What is the proportion of the four evaluative types and two contents of interactions in mathematics
classrooms?

2.1s there any significant gender bias difference between teacher-student interactions based on four evaluative
types of interactions in mathematics classroom?

3. How do teachers perceive their interactions with students at junior secondary mathematics classroom?

Methodology

To achieve the purpose of the study, we adopted mixed method research design approaches. The quantitative
data were subjected to descriptive and nonparametric Chi-Square test statistics. And for qualitative aspect, Miles
and Huberman (1994) model was adapted for thematic analysis. A sample of (3) three males and three (3)
females’ mathematics were used making a total of six mathematics teachers in the three sampled schools. Two
teachers are used in each sampled schools and each was observed three times for a period of two weeks, and
each observation lasted 40 minutes. A total of 330 students were in these classes which comprised of females (n
=150 (45.5%)) and males (n = 180 (54.5%)). The six mathematics teachers were purposively selected for the
interviewed, and two research assistants were used for the data collection from the observed mathematics
classrooms.

Data Collection

A modified Interaction for Sex Equity in Classroom Teaching (INTERSECT) and coding sheet form for teacher-
student interactions were adapted from Duffy et al., (2001). Specifically, the current instrument involved coding
teacher-student interactions, (a) evaluative type; criticism, acceptance, praise and remediation and (b) evaluative
content; intellectual and conduct enable the observers to code for eight (8) potential types of interactions
between the teacher and the students.

The inter-rater reliability for each category of interactions observed was calculated by using each data of
observations from the two research assistants that were employed. The inter-rater reliability analyses indicated
that the four areas of interactions reflected good inter-rater reliability with the kappa of 0.68 of praise, 0.72 for
acceptance, 0.62 for remediation and 0.78 for criticism. The themes reliability was 0.70 using Cohen kappa
which shows the overall agreement of four evaluation types of interactions during pilot testing of the study.

Data Analysis Procedure
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The six (6) mathematics teachers were observed three times, and each observation lasted for 40 minutes over a
period of two weeks. Descriptive statistics was employed in quantitative part for patterns of four evaluative types
of interactions (remediation, praise, criticism and acceptance) in mathematics classrooms, which was computed
based on two evaluative contents (intellectual and conduct) of interactions and also chi-square statistic test was
used. For qualitative data, Thematic Analysis (TA) using Miles and Huberman (1994) model was adopted.

Results and Findings
Research Question 1

What is the proportion of the four evaluative types and two contents of interactions in the mathematics
classrooms?

The analysis of the observational data focused on the nature of a teacher and student interactions patterns that
emerged and the distribution of teacher interactions between male and female students in the mathematics
classroom. In this section, Z-tests were carried out on all these interactions for teachers and students’ gender in
mathematics class, and a Bonferroni correction of alpha .01 was used because of the data were split by gender.
This help to counteract the problem of multiple comparisons (Goldman, 2008). Female teachers (z = 2.82, p <
.05) directed more of interactions toward males than females. When a teacher directed interactions to the whole
classroom, Bonferroni correction for alpha .01) which indicated there was no significant student gender
difference for responding to the male teacher of mathematics (z = 2.32, p < .05) female mathematics teachers (z
= 1.94, p < .05). The overall sum of interactions of male teachers indicated a greater interaction toward male
students than female teachers in mathematics (Z = 4.22, p < .05). Table 1 presents the values that represented
the overall percentage of interactions which was directed toward females and males by both female and male
mathematics teachers at JS 3 mathematics classrooms.

Table 1. Number of male and female mathematics teachers interactions toward male and female learners in
mathematics classrooms

Interactions directed by Student
Mathematics Teacher Male Female
Male teacher 74 .26
Female teacher .63 .37

The total sum of the interactions includes four substantive interactions and two evaluative content on each of the
category of interactions and definitions are given the areas of interaction in this study are; praise, acceptance,
remediation and criticism with evaluative contents; intellectual and conduct. All interactions that took place
between teachers and students in mathematics classrooms were analyzed (see Table 2)

Male teachers directed praise- intellectual to male students which accounted .78 and .03 to female students.
There is no praise conduct to both female and male students from male mathematics teachers. Female
mathematics teachers directed .32 intellectual praise- intellectual interactions to male students and .14 to female
students. There is no praise-conduct interactions from female teachers to male and female students in
mathematics classrooms. This also followed by acceptance-intellectual in which, male teachers directed a
proportion of .32 and .36 to male and female students respectively. Male teachers only directed .03 of acceptance
conduct to male students and non to female students, while female teachers directed acceptance- intellectual
proportion .13 for male and .07 for female students. There is .03 acceptance conduct of interactions toward male
and .02 to female students by the female mathematics teacher.

In remediation intellectual interactions, male teachers directed .12 and .23 to male and female students
respectively, while .02 is directed to both male and female students on remediation conduct interactions by male
teachers. And female teachers directed remediation intellectual interactions .23 and .18 to male and female
students respectively and also directed remediation conduct interactions of .02 to males and .04 to female
students. And on intellectual criticism interactions, male teachers directed .13 to male, .05 to female students,
while .01 criticism-conduct was directed to male and non to female students. Female teachers directed
intellectual criticism interactions of .34 and .25 to male and female students respectively, while .05 of conduct
criticism was directed to male and .07 to female students. Overall the intellectual praise .78 is the greater
proportion of interaction that was directed by male teachers to male students, and .03 was the lowest intellectual
praise directed toward female students by male teachers. While .03 acceptance conduct was directed to both
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male and female students which are the greater conduct while the lowest praise conduct to both male and female
students and also criticism conduct. The greater proportion of female teacher intellectual was acceptance .36 to
male students and zero is the lowest conduct directed by the female teacher to female students at .00. These
proportion of evaluative types of interactions are showed in Figure 1.

Table 2. Proportion of evaluative type interaction in mathematics by gender of student and gender of teacher
Mathematics teacher

Interactions

Male Female
Praise towards
Male students
intellectual .78(100) .32(18)
conduct .00(0) 00(0)
Female students
intellectual .03(4) .14(8)
conduct .00 (0) 00(0)
Acceptance toward
Male students
intellectual .32 (41) .36(20)
conduct .03(4) 00(0)
Female students
intellectual .13(16) .07(4)
conduct .03 (4) .02(1)
Remediation toward
Male students
intellectual 12(15) .23(13)
conduct .02(2) .02(1)
Female students
intellectual .23(30) .18(10)
conduct .02(3) .04(2)
Criticism toward
Male students
intellectual 13(17) .34(19)
conduct 0.01(2) .05(3)
Female students
intellectual .05(7) .25(14)
conduct .00(0) .07(4)

Note. Proportions were calculated within each of the four groups in mathematics and gender of student. The
values in the round brackets are observed frequencies. There are 180 males and 150 females in these observed
classrooms.
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Figure 1. Proportion of evaluative type interaction in mathematics by gender of students and gender of teachers
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Discriminant analysis was employed in order to see if teachers’ gender, the gender of students and mathematics
are differentiated the types of the evaluative teacher to student interactions of praise, remediation, acceptance,
and criticism. Function one indicated a significant different between four evaluative types of interactions A =
.86, p < .05. Therefore, function one is associated with students gender r = .73 and it accounts for 73% of the
variance between types of interactions in mathematics classrooms observed. Females received more remediation
than males, whereas males received praise, acceptance and criticism more than their female counterparts as
showed in Figure 2.
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Figure 2. Proportion of teachers’ evaluative type interaction in mathematics by gender of students

Research Question 2

Is there any significant gender bias difference between teacher-student interactions based on four evaluative
types of interactions in mathematics classroom?

Discriminant function was used to determine the effect of teacher gender and mathematics on evaluative types of
interactions. It was revealed that male teachers used more praise than female teachers ¥2 (1, N=104) =7.42;p <
.05. Acceptance was used more by male teachers than female mathematics teacher 32 (1, N=65) =4.73; p <.05.
In remediation, male teachers used more than their female counterparts ¥2 (1, N = 50) = 3.42; p < .05. On one
hand, criticism was used more by female teachers than male teachers ¥2 (1, N = 40) =1.74; p > .05. It was found
that praise was directed toward males significantly than females }2 (1, N =118) = 8.12; p <.05. Acceptance was
directed significantly more toward male students than directed toward their female students 2 (1, N =65) = 4.64;
p <.05. Remediation was directed toward female students significantly more than male students x2 (1, N = 45)
=1.13; p > .05. Criticism was directed toward male student significantly more than toward female students x2
(1, N =40) = 1.10; p < .05. It was found that 93% of the interaction were intellectual and 7% of the interaction
was conducted which was based on four evaluative types of interactions such as praise, acceptance, remediation
and criticism as shown in Figure 3.

H Intellectual ™ Conduct

Figure 3. Frequency of evaluative content of interactions of teachers with gender
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Discriminant analysis was also conducted in order to see if students’ gender, teacher gender, and differentiated
of evaluative content of teacher- student interactions. The function indicates a significant differentiation among
four evaluative content of interactions, which, is A = .96, p < .05 and the function is associated with mathematics
r =.84 and accounts for 84% of the variance between evaluative content of teacher -student interactions in which
intellectual interactions 93% than 7% of conduct interactions in mathematics classes. Chi-square analysis was
carried out to determine the differences in how 8 types of evaluative interactions were used. It was revealed that
the type of interaction is depending on the gender of student 2 (8, N=361) = 11.72; p < .05. Males received
significantly more acceptance-intellectual interactions than females, z = 4.23, p < .05. Female students receive
significantly more remediation— intellectual interactions than male students did, z = 5.46, p < .05 and male
students received more criticism- intellectual interactions than female students’ z = 4.92, p < .05. Female
students received significantly more acceptance-conduct interactions and remediation-conduct interactions than
male students, z = 3.48, p < .05.

Research Question 3
How do teachers perceive their interactions with students at junior secondary mathematics classroom?

The categories are created from the interviewed data from teachers that participated in this study. The interview
question was “do you feel that male and female students need to be treated differently in your mathematics
classroom If yes why and how? The data from the interviews represented a coalescence of data into patterns of
behaviours. These categories are grouped into two themes of mathematics classroom interactions. The themes
are; Teacher academic attention and interactions and Gendered differential treatment by teachers include
different types of interaction which is related to teacher and student roles in mathematics classrooms

Themes 1: Teacher Academic Attention and Interactions

Teacher- student interactions in mathematics classrooms are important factors in behavioural and academic
outcomes for both male and female students. For effective teacher- student interactions are essential for
promoting long time success in mathematics at junior secondary 3. This includes acceptance, remediation, praise
and criticism intellectual from the teachers to male and female students in their mathematics classes. Either male
or female student who received negative attention from teachers has increased the problem emotionally and
disruptive behaviours. Male students received more attention from both male and female teachers than female
students in which is in all cases is academic attention. Participants are of the view as showed that;

“I give attention to the most intelligent male students since the student always...questions and ... in my
class I do not see that to be bad after all the male are doing... than the female students in mathematics
and...” (Male teacher).

Another participant with the similar view to (male teacher), this is illustrated below;

“You see...if whether a male student is not doing well in your class you need to tell him to work harder ...
same when the student is good in mathematics 1...that is very good of ... keep it up. This will the student
to encourage and strive to see he answer questions often in the class” (Female teacher).

The data suggested that a need for given attention to those with difficulties in their work by encouraging and
monitor them in the classrooms. Thus a participant pointed that female students seemed not to be doing well in
the subject which likely is, as a result, less attention is given to them, thus a female participant has this to say;

“Hmmm...after the female student answer the questions incorrect... as a teacher I ...the female student
seems not to...serious which they need to work hard so as a teacher I need to give those female students
attention and also using eye contact to female students in the class...” (Male teacher).

The mathematics teachers reacted positively to only those students that are good in their classes irrespective of
the student gender. It is also noted that the boys and girls behave differently in their classroom from what is
expected from them by the teachers.

“[ think you need to improve your answer Janet... we want to know how you got that solution unlike the

answer Audu gave which is better understandable. In this case, one does not need to... them the same
because ...These are the things you will notice when you are teaching” (Female teacher).
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Theme 2: Gendered differential treatment by teachers

The audio tape recording of teachers’ interviews in mathematics classrooms at junior secondary mathematics
classrooms in Nigeria on differential treatment of male and female students was an appropriate tool to create
awareness and reflection on gender bias treatment among male and female learners by their teachers. The
intention of the interviewer was to determine the existence of gender bias in mathematics classrooms in terms of
teacher-student interaction based on four evaluative types and two evaluative contents of interactions. Some
teachers during the interview critically analysed their own behaviour and thought about using alternative
approaches for the treatment of male and female students in their classrooms in the future. Here are some
examples that were presented.

“In my class when a male student is good in mathematics ... the student to feel really happy with the
answer he has given. You ... really good in mathematics. The praising of the student should focus on the
effort the students has accomplished. This will help the student to work more hard to prepare for the next
class or examination. It also helps the student to see the link between the efforts he has invested in a task
which has improved his academic performance in mathematic” (Male teacher)

Another participant pointed that male students are found of disturbing and distracting the attention for those want
to learn and therefore their treatment is different from that of female students. An example for differential
treatment as;

“Ahaha... am...know the male student are found of disturbed the whole I thereby reprimand them more
since the female students are always quietly and attentive. | do praise appreciate the female students for
... Hmmm...hmm, the male students are always making noise and moving from... and I need to treat that
student differently” (Male teacher).

In additional, there are views from participants on teachers been harsh to female students simply because they
are not able to answer questions in mathematics classroom.

“Wow! I'm... overreacting on female students that do not answer my.... In class. Some female students
are saying that I'm harsh ... which i think I am not but just because they seem not to like mathematics. 1
do tolerate them a lot. Well... with the boys, there is no need to be harsh to them they are good in
mathematics. But | still appreciate any girl that is good in my class. | have to say to good female student
“Mary you are making me proud ... of doing well unlike the other girls” (Male teacher)

Students are treated as an individual, not as girls or boys; the boys and the girls do not receive the same
treatment on the basis of discipline, and boys received more punishment and detentions than girls, this was due
to the facts that boys are more indiscipline in behaviour and as well inadequate in working pattern; This is an
example from the interviewees;

“Yes, in fact, I treat them differently because I did that when John was disturbing mathematics class and
not when Bola does the same... Its right, | think because John is found of doing that almost in every
mathematics class, the male students are distracted more than the female students...there are some
students that you always prefer. But you do not need them to know because all are equal before the
school rules and regulations” (Female teacher).

It is somewhat not surprising despite the perceptions of female students about the teacher’s behaviours towards
them, some teachers that were interviewed in junior secondary mathematics classrooms, reiterated that they do
not treat both girls and boys equally in their mathematics classrooms. Some of the teachers were very clear that
they give unequal treatment thus;

“Oh ... there is difference in my teaching of males or females ... I enjoy teaching mathematics and I have
experience and skilled. Different treatment of girls and boys...yes, I know about it” (Female teacher)

Some participants supported the different treatment of male and female students in mathematics classrooms
which may be unintentional by teachers which they are not aware of. Thus,

“Am ... not aware of treating females differently to males. Having .... said that, I do not ... know if that
happened without my knowing which is not intentional. So...am not aware ... it, which it can be

possible” (Male teacher)

In the broader perspectives most teachers have the belief that they are giving equal treatment to both male and
female students in the mathematics classroom in order to support the students learning, but it has been observed
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that it is very rarely to achieve. In most of our school's male students appear to dominate the classrooms
interactions, and while the female students participate more in teacher-student interactions which are supporting
learning. Mathematics teachers that participated in this study provided an insight into the different treatment of
male and female students in mathematics classroom in Nigeria. The combination of the classroom observations
and interviews reveal that the content of gender bias in teacher-student interactions exist in mathematics lessons,
which the result may limit the female self-esteem and lower their achievement in mathematics.

Discussion of Findings

The results obtained from the classrooms observations on four evaluative types and two evaluative content of
interactions in Table 3 shows that both male and female teachers at junior secondary mathematics classes in
Nigeria directed praise intellectual (.78, .32), acceptance —intellectual (.32, .36), criticism-intellectual (.13, .34)
and remediation intellectual (.12, .23) towards male students’ more than female students in mathematics
classrooms. These findings are commensurate with past literature which reveals that male students received all
intellectual evaluative types of interactions than the female student from both male and female teachers (Duffy et
al., 2001; Jones & Dindia 2004; Kaily 2015). The findings further reveal that female teachers directed more
criticism —conduct (.07) and remediation—conduct (.04) towards female than male students in mathematics
classrooms. The results are inconsistent with previous literature, which shows that female teachers directed less
criticism —conduct and remediation-conduct to female students than male students in mathematics classroom
(Einarsson & Granstrom, 2002; Eriba & Achor, 2010; MCDonnell, 2007). In this current study, female students
received fewer interactions than male students from both male and female mathematics teachers which are
commensurate with the study of (Hassaskhah & Zamir, 2013; Author, 2015). The finding shows there is a
significant different between male and female teachers direct four evaluative types and two content of
interactions more towards male students than female students.

Triangulation of the Findings of Quantitative and Qualitative

This section of the study used (classroom observations) quantitative statistical analyses to confirm or reject the
existence of gender bias in teacher-student interaction based on four evaluative types and evaluative contents of
interactions and mathematics textbooks. In addition, interview data based on these evaluative types and
evaluative contents on gender bias (qualitative data analysis) was used to explore other gendered bias on teacher-
student interactions in mathematics classrooms which has not been earlier theorised. Combining the classroom
observations findings with the interviews results have conceptually stronger than using only single data for the
existence of gender bias in teacher-student interactions in mathematics classrooms setting at junior secondary
mathematics classroom in Nigeria.

Combining the quantitative and qualitative data represented one can conclude that is differential treatment
occurring in teacher-students’ interactions in mathematics classrooms based four evaluative types and two
evaluative content of interactions. Although the two categories of teacher-students’ interactions are interrelated
in a consistent pattern of teacher-student interactions which male and female teachers, certainly treat them
unequally. Teachers in the study treated the male and female student differently in all four evaluative type and
evaluative contents of interaction in mathematics classroom (criticism, acceptance, remediation and praise).
Generally, the difference in treatment is negative ways for male and female teacher give more attention to male
students.

Conclusion

In sum, there is differential treatment of male and female students by both female and male teachers in
mathematics classroom at junior secondary mathematics classroom in FCT Abuja Nigeria. The findings of the
study revealed that the gender of the student affects their interaction with the mathematics teacher. Male and
female mathematics teachers’ interaction with more male students in the four categories of interactions than with
female students at junior secondary school (JS3) mathematics classrooms. For male and female students to
experience equal treatment by their teachers in mathematics classrooms, there must be gender equity in her
educational system. Equal treatment can only be achieved the moment the notion of females is being inferior to
males is eliminated. Female students should be given their own desire recognition to actualise their dreams and
potential. Both new and old mathematics teachers need to go for training and retraining on the issue of gender
equity on yearly basis in order to create awareness among mathematics teachers. The results of this study
revealed that teachers at junior secondary three (JS3) mathematics classrooms are not aware of gender bias
exhibited toward male and female students in their interaction.
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The qualitative findings of research question 1a reveal that both male and female teachers give more interaction
to the most intelligent students in mathematics irrespective of their sex, which is in line with the findings of
Shomoossi et al., (2008) reports that only intelligent students received more interaction in the classroom. The
findings are also consistent with previous studies Beam et al., (2006), Brandell and Staberg (2008), Cameron
(2005) and Myhill (2002). These results suggested that male students do not generally monopolise mathematics
classroom interactions. There is gender bias in mathematics classrooms as demonstrated through teacher to
student interactions by observations and interviews. The reasons why female and male teachers are interacting
with males more may be due to the fact that male students interact more in mathematics classrooms than female
students. Secondly, it could be due to the notion that mathematics is a male domain, and the cultural belief of
some part of Nigeria is that any female that is good in mathematics is termed “smarter” as such, no man will
want to marry that lady. This study could be extended to senior secondary mathematics classroom to investigate
the patterns of gender difference of interactions between teachers and their students.

Recommendations

Based on the findings of this study, future study is required to examine other factors that may likely cause
teacher — student interactions in mathematics classrooms which may explain gender differences in teacher-
student interactions patterns in mathematics.
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Appendix

coding sheet form for teacher-student i
Name of School............ Date........ Name of Teacher ...................... (€155 116 1< SRR

Substantive areas of interaction and the four additional areas of evaluation comments
s/n | Areas of interactions and the Tally Total frequency
four additional areas of
evaluation comments
1 PRAISE

Intellectual
Conduct

2 ACCEPTANCE
Intellectual

Male female Male female

Conduct

3 REMEDIATION
Intellectual
Conduct

4 CRITICISM
Intellectual

Conduct

Note
Intellectual: Concerning cognitive and academically related topics
Conduct: This include the behaviour and deportment of students

Definition of 8 interactions coded using code sheet from checklist

Type of interaction Definition

Praise- intellectual Teacher’s positive reaction to students on mathematics response

Praise- conduct Teacher’s positive reaction towards student behaviours

Acceptance —intellectual An indication of simple correctness of students’ academic response

Acceptance-conduct Indication of student correctness in behaviour

Remediation-intellectual Teachers’ indication of lack of correctness of student’s academic
response. Teacher may suggest alternative

Remediation-conduct Teacher’s indication of lack correctness of non-academic behaviour

Criticism-intellectual Teachers’ negative evaluation of student’s academic response

Criticism-conduct Teacher’s negative evaluation of student’s non-academic behaviour

54



The Eurasia Proceedings of
Educational & Social Sciences (EPESS)

Publishing ISSN: 2587-1730

The Eurasia Proceedings of Educational & Social Sciences (EPESS), 2017
Volume 6, Pages 55-60

ICEMST 2017: International Conference on Education in Mathematics, Science & Technology

INVESTIGATING ACHIEVEMENT LEVELS OF SIXTH GRADE
STUDENTS REGARDING ORDERING INTEGERS

Gizem Sevim Atayev
Erzurumlu Ibrahim Hakk: Ortaokulu

Mine Isiksal-Bostan
Middle East Technical University

Abstract: The aim of this study was to investigate middle school sixth grade students’ achievement levels
regarding ordering of integers. Partipants were 262 sixth grade students from one public middle school in
Etimesgut district of Ankara. Data were collected via a questionnaire. Findings indicated that achievement levels
of the participants in ordering questions were moderate.
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Introduction

Integers have a crucial role in learning mathematics by understanding it because results of many studies
investigating the integer conception revealed that integer is both complex and requires great effort to learn
(Dereli, 2008; Janvier, 1983; Kilhamn, 2008; Mc Corkle, 2001). Since there are strong prerequisite relationships
among integers and other issues, a student who already has learning difficulties in integers will find it difficult to
succeed in the following subjects such as algebra (Lamb et al., 2012; Vlassis, 2004).

Integers are one of the mathematics topics in the mathematics curriculum as of 6™ grade, and the topic of
integers is quite important because it is functional in the other following topics. The role of integers in the
development of higher level mathematical concepts, such as algebra, makes it one of the most important and
essential conceptual subjects in the middle school mathematics curriculum (Christou & Vosniadou, 2012,
Vlassis, 2004). When students get to second term of sixth year, they begin to learn algebra that is based on
integers. Furthermore, teaching and learning rational numbers and exponential numbers that are based on
integers begin in seventh grade and continue in eighth grade. This situation indicates that the topic of integers
should be handled and studied differently at different levels. Hence, it is significant to conduct a study which
shows students’ achievement levels regarding integers. The results of such a study would give valuable
information related to ordering of integers.

Methods

The Research Method and Participants

In this study, the cross-sectional survey design was used in order to identify students’ achievement levels. Cross-
sectional survey design includes collecting data at a single point in time from a sample that represents the

population ( Fraenkel and Wallen, 2006). Data was collected from 262 students who were sixth grade students in
one of the public middle schools in the Etimesgut district, Ankara.
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Instrument and Data Collection

A questionnaire was developed to identify middle school sixth grade students’ achievement levels related to
ordering of integers. The questionnaire was composed of two open-ended items. Explanations and details of two
items are given below.

The first item in the questionnaire measures the students’ knowledge of ordering integers. In the question, three
girls’ comparisons of their hair lengths were given and these comparisons included negative integers. Students
were expected to explain the ordering of these integers, which represented girls’ hair lengths. The 1" question is
presented in Figure 1 below:

Question 1:

Simge and Riiya are comparing their hair length to their friend Yagmur’s hair length. Simge
states that her hair is +4 cm compared to Yagmur’s hair and Riiya states that her hair is3 cm
compared to Yagmur’s hair. Who has the shortest hair? Write the girls’ names in order of their
length from the shortest to the longest.

Figure 1. The first item in the questionnaire

The second item in the questionnaire was developed by the researcher, measures the students’ knowledge of
ordering integers. In the question, all buttons of an elevator were given in the figure and ground floor was
represented as zero. Students were expected to identify the numbers of the elevator buttons, which were pressed
by Ayse and the nurse. The second question is presented in Figure 2 below:

Figure 2. The second item in the questionnaire

Question 2:

When Ayse took the elevator from the ground floor in a
hospital, she pressed the wrong elevator button. She went to
the radiology service instead of the blood collection service.
With the aid of a nurse in the elevator, the upper floor was
pressed. Identify the number of buttons which were pressed
by Ayse and the nurse. Please explain your answer.
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In general, the aim of asking these questions was to get knowledge about students’ achievement levels regarding
ordering of integers.

Three mathematics educators in the Middle School Mathematics Education program of two different universities
had evaluated the items of the questionnaire in terms of appropriateness of the items in relation to the objectives
and the purposes of the study, the table of specification, the usage of mathematical terms, and the clarity of the
statements.

As part of reliability study for items of the questionnaire, two researchers analyzed students’ answers. A
correlation of 98% was found between the two scorings.
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In order to identify the achievement levels of the students, rubrics were developed by the researchers for each
objective to evaluate the achievement levels of the participants.

Findings

In the first question, students were asked to order girls’ hair lengths from the shortest to the longest. Sixth grade
students’ answers were analyzed according to the rubric below:

Table 1. Rubric for question 1

Scores Answer Types

0  No answer/ Had no mathematical understanding

1 Ordered the girls’ hair lengths incorrectly

2 Ordered some girls’ hair lengths correctly but some incorrectly

3 Ordered some girls’ hair lengths correctly but some were not evaluated

4 Ordered girls’ hair lengths correctly but without explanations or with inappropriate

explanations
5 Ordered girls’ hair lengths correctly but had limited mathematical knowledge
6  Ordered girls’ hair lengths correctly with an acceptable explanation

To summarize, students’ answers were coded as 1 and 2 if their answers were wrong and their answers were
coded as 3, 4, 5 and 6 if their answers were correct.
The frequency of answers 262 6™ grade students’ answers are presented in Table 4.16 below:

Table 2. Frequency of the Answers for Question 1

Codes 0 30 (11.5%)
1 51  (19.5%)
2 9 (3.4%)
3 37 (14.1%)
4 58 (22.1%)
5 31 (11.8%)
6 46 (17.6%)

Total 262 (100.0%)

To illustrate, the incorrect answer of Participant 24, which is an example of “had no mathematical
understanding”, is presented below:
The response of Participant 24 is as follows:

Simge ve Riiya sa¢ uzunluklarmi, arkadaglart Yagmur’un sa¢ uzunlugu ile
karsilastirmaktadir. Simge kendi saginin uzunlugunu Yagmur’un saginin uzunlugu ile
kiyasladiginda +4 cm oldugunu; Riiya ise kendi saginin uzunlugunu Yagmur’un saginin
uzunlugu ile kiyaslandiginda -3 cm oldugunu séyliiyor.

Bu bilgilere gore, sa¢ uzunlugu en kisa olan kimdir? Simge, Ritya ve Yagmur’un sag

uzunluklarim en kisa olandan en uzun olana gére siralayiniz. Cevabinizi agiklayimz.

5
7P}

Figure 3. Answer of participant 24 to Item 1

cavaf= {27

As observed in the participant’s response, “4x12=12" was not relevant to the correct answer of item 2.
To illustrate, the correct answer of Participant 92 is presented below:
Participant 92:
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Simge ve Rilya sag uzunluklarni, arkadaslari Yagmur'un sa¢ uzunlugu ile
karsilagtirmaktadir. Simge kendi sagimn uzunlufunu Yagmur'un sagmmn uzunlugu ile
kiyasladiginda +4 cm oldugunu; Riiya ise kendi sagmin uzunlugunu Yagmur'un saginin

uzunlugu ile kiyaslandiginda -3 cm oldugunu soyliiyor.

Bu bilgilere gore, sag uzunlugu en kisa olan kimdir? Simge, Rilya ve Yagmur’un sa¢

uzunluklarmi en kisa olandan en uzun olana gore siralayiniz. Cevabinizi agiklaymmz.
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Figure 4. Answer of participant 92 to Item 1

As can be seen in the participant’s answer, Participant 92 ordered the girls’ hair lengths from the shortest to the
longest correctly. Rilya’s hair length is the shortest; Simge’s hair length is the longest according to the student’s
answer.

In the question 2, students were asked to express the numbers of the elevator buttons which were pressed by
Ayse and the nurse. Ayse pressed -4 and the nurse pressed -3, which are the correct answers to this question.
Students’ answers were analyzed according to the rubric presented below.

Table 3. Rubric for question 1

Scores Answer Types

No answer/ Had no mathematical understanding

Ordered buttons incorrectly

Ordered some buttons correctly but some incorrectly

Ordered some buttons correctly but some were not evaluated

Ordered buttons correctly but without explanations or with inappropriate explanations
Ordered buttons correctly but had limited mathematical knowledge

Ordered buttons correctly with an acceptable explanation

OB WINIFL O

To summarize, students’ answers were coded as 1 and 2 if their answers were wrong and their answers were
coded as 3, 4, 5 and 6 if their answers were correct.
The results obtained from the analyses of the answers are presented in Table 4.

Table 4. Frequency of the answers for question 2

Codes 0 47 (17.9%)
1 83 (31.7%)
2 11 (4.2%)
3 6 (2.3%)
4 45  (17.2%)
5 5 (1.9%)
6 65 (24.8%)
Total 262 (100.0%)

To illustrate, the correct answer of Participant 3 for item 2 is presented below:

Participant 3:
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| Hastanede zemin kattan asansdre binen Ayse Hamm asansoriin digmesine
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Figure 5. Answer of participant 3 to Item 2

As can be seen in the participant’s answer, Participant 3 expressed the numbers of the elevator buttons as Ayse
pressing -4 and the nurse pressing -3.

Conclusion

To address the research question, the achievement levels of students in ordering of integers investigated. This
high achievement level of students might be due to their experiences in the three understandings of number;
namely, an ordinal, a cardinal, and a formal understanding of number (Bishop et al., 2013; Clements & Sarama,
2007). In more detail, students have experience related to cardinality of numbers so this experience might help
students to identify integers. Another reason of the high achievement level of students might be due to their
internal representations regarding negative numbers before they receive formal school instruction on negative
integers (Peled, Mukhopadhyay & Resnick, 1988). In other words, before students learn the concept of integer in
the school, they hold some information and experience related to negative numbers.

According to the results of middle school sixth grade students’ answers to the ordering questions, it was found
that nearly two third of them correctly answered ordering questions 1 and nearly half of them correctly
answered ordering questions 2. More specifically, the number of students who answered ordering question 1
correctly was 172 out of 269. For ordering question 2, 121 students among 269 students answered the question
correctly. A reason of this finding may be the case that students learn counting and reasoning about smaller and
greater, children experienced ordering, initially (Bishop et al., 2013). In other words, they used to order
reasoning about smaller and greater. However, reasoning about greater and smaller with negative numbers is
difficult for students when the findings of Isgiiden (2008) are taken into account. Students still think that the way
to compare two negative numbers is the same as the way to compare two positive integers (Julie et al., 2013).
This erroneous way of thinking might be the reason why the achievement level of students in the ordering
questions was not high. To be more specific, the moderate achievement level of students in ordering question 1
may derive from students’ reasoning about smaller and greater because many of the students solved these
questions using the strategy of comparing instead of representing each hair length as an integer and then ordering
these integers. As mentioned previously, students learn to reason about smaller and greater in early grades
(Bishop, 2013 et al., 2013). The reason underlying the moderate achievement level of students in ordering
question 2 might be students’ challenges in understanding gradual parts of the question. In more detail, students
have to answer the first part of the question before they answer the second part of the question.

Recommendations

Findings of the present study were limited with two questions of the questionnaire since when different questions
were asked related to the concept of ordering integers, different findings could be reached. Furthermore, a
similar study might be conducted in private schools to investigate private middle school students' understandings
regarding the concept of ordering integers. Some recommendations might be made considering the sample of the
study. In order to generalize the findings of the study to a population, the same study could be replicated with a
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sample randomly selected from nationwide schools in such a way that the sample would be representative of all
sixth grade students in Turkey.
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Abstract: The purpose of the current study is to examine preservice middle school mathematics teachers’
knowledge about students’ mathematical thinking related to perimeter and area and determine the consistency
between this knowledge and students’ actual mathematical thinking. Case study, one of the qualitative research
designs, was used to gain an in-depth understanding of the situation. The study was conducted with four senior
preservice middle school mathematics teachers who enrolled in the program of elementary mathematics
education at a public university. The data obtained through video recordings from the process of planning,
teaching and reflecting on two lessons towards perimeter and area. The videos from teaching were used to
identify students’ mathematical thinking, difficulties, mistakes and misconceptions whereas the videos from
planning and reflecting were used to describe preservice teachers’ knowledge of students’ mathematical
thinking. The data were analyzed through content analysis method. The findings showed that students had lack
of knowledge about the meanings of the concepts of perimeter and area, made mistakes related to calculation and
use of measurement units. In addition to this, preservice teachers’ predictions and expectations about students’
mathematical thinking were very limited. Finally, it was observed that there were important differences between
students’ thinking ways, difficulties, misconceptions and possible mistakes and preservice teachers’ expectations
and predictions about these issues.

Note: This study was supported by Istanbul University BAP Office with the project of BEK-2017-25282.

Keywords: Knowledge of students’ thinking, preservice teachers, perimeter and area

Introduction

Geometric concepts such as perimeter, area and surface area have taken important roles in mathematics curricula
because of their practical properties and usage in daily lives. However, students are not able to comprehend these
concepts (Martin & Strutchens, 2000). Students have various mistakes, difficulties and misconceptions regarding
these concepts (Cavanagh, 2007; Zacharos, 2006) due to inabilities in understanding the meaning of them
completely (Zacharos, 2006). Research also mentions teachers’ and preservice teachers’ misunderstanding
related to these concepts and their insufficient understanding of students’ thinking regarding them (Reinke, 1997,
Simon & Blume, 1994). These gaps in their understanding may cause problems in the future because teachers’
knowledge affects teaching and student learning (Ball & McDiarmid, 1989). Similarly, Kellogg (2010)
advocates that preservice teachers reflect their such misconceptions to their future students and their students
might also have them.

When the confusions, difficulties and mistakes of both students and preservice teachers regarding perimeter and
area concepts were considered, the importance of planning and teaching based on students’ mathematical
thinking and investigating preservice teachers’ knowledge of it arose. One of the topics in teacher education that
was paid more attention is student thinking (Kellogg, 2010). Teachers should know how students think
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mathematically (e.g. the subjects of perimeter and area), what kind of difficulties and misconceptions they may
have regarding the subject and what the possible reasons behind these obstacles are (Simon & Blume, 1994).
Several studies highlight that teachers’ knowledge about and abilities to anticipate, interpret and use students’
thinking in their practices help them to improve their students’ achievement (Carpenter, Fennema & Franke,
1996). However, teachers are neither good at predicting students’ reactions, difficulties, misconceptions and
what they can do (Goldsmith & Seago, 2011; Nathan & Koedinger, 2000a; Kazemi & Franke, 2004), nor in
tendency to attend to, anticipate and make sense of students’ thinking (Goldsmith & Seago, 2011; Kazemi &
Franke, 2004; Wallach & Even, 2005) and incorporate it into the lesson and use it for making instructional
decisions (Bas, 2013). If teachers have difficulties in this issue, it is likely that preservice teachers might have
similar problems. From this point of view, the purpose of the current study was to examine preservice middle
school mathematics teachers’ knowledge about students’ mathematical thinking related to perimeter and area and
determine the consistency between this knowledge and students’ actual mathematical thinking. The following
research question guided the study:

What is preservice middle school mathematics teachers’ knowledge about students’ mathematical thinking
related to the subjects of perimeter and area?

Method

Case study, which one of the qualitative research methods, was used in the study. Merriam (1998) states that
case study is “an intensive, holistic description and analysis of a single instance, phenomenon or social unit” (p.
21). In this study, it was aimed to present preservice teachers’ knowledge of students and to what extent their
knowledge reflected students’ actual mathematical thinking. Four senior preservice middle school mathematics
teachers (1 female, 3 male) who enrolled in the program of elementary mathematics education at a public
university participated in this study.

The study was conducted under a cyclical process that included phases of planning, teaching and reflecting.

. In the planning phase, preservice teachers endeavored to determine the activities and questions that would
be included in the lesson plan, discussed on how students think mathematically, made suggestions on how
to respond to them and concluded which materials to use collaboratively. They focused on what kind of
solution approaches, mistakes and difficulties might be exhibited by the students.

. In the teaching phase, one of the preservice teachers taught the lesson in a real classroom whereas the
other preservice teachers observed the lesson without interacting with the students in the classroom.
Preservice teachers took notes on the copy of the lesson plan about the lesson to discuss after
implementation together.

. In the reflecting phase, preservice teachers shared their ideas about the effectiveness of the lesson design
and discussed on the teaching phase. They evaluated what worked well or not and what need to be
changed. They emphasized unexpected responses and made suggestions to revise the lesson plan
considering the points that they dwelled on.

This process was repeated for two lessons related to perimeter and area during 4 weeks. Preservice teachers
prepared two lesson plans (the former was regarding perimeter and the later was regarding area), conducted two
lessons and reflections. The data obtained through video recordings from the process of planning, teaching and
reflecting on two lessons towards perimeter and area. The videos from teaching were used to learn students’
mathematical thinking, difficulties, mistakes and misconceptions in order to determine the accuracy of preservice
teachers’ predictions and expectations about students’ mathematical thinking. Besides, the videos from planning
and reflecting were used to describe preservice teachers’ knowledge of students’ mathematical thinking. The
data were analyzed through content analysis method.

Findings

In terms of students’ mathematical thinking, it was found that students confused area and perimeter with each
other; they had difficulty in measuring perimeter of a figure with the rope and rule; they did not find the
unknown edges to find perimeter; they focused only images without considering the lengths; they confused the
properties of rectangle and square; they did not know the meaning of some geometric concepts; they made some
calculation mistakes and they used inappropriate measurement units.

Regarding preservice teachers’ knowledge on students’ mathematical thinking, it was found that there were
consistent and inconsistent predictions and lack of knowledge about this issue. Three themes “expected and
happened”, “expected but not happened” and “not expected but happened” were observed. Preservice teachers
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expected some ways of mathematical thinking to come out and they happened as they expected. One of the
preservice teachers’ comments on the theme of expected and happened were as the following:

For example, we prepared exercise sheets including some figures and we wrote numerical values on the edges
but we left some edges blank for the students to find themselves. We thought that they might not find them and
sum only the numbers that were written. In teaching, | observed that as we expected, students had difficulty in
finding the lengths of edges. They could say that opposing edges were the same in a rectangle but they missed
out finding and adding the unknown edges to find perimeter. They substantially summed the known edges as
calculating the perimeter (see Figure 1). Some students noticed the missing point and emphasized that the
unknown edges should be found at first in order to help their friends.

Figure 1. The geometric figure including the unknown edges

Another preservice teacher’s explanations about students’ mathematical thinking were as follows:

One of the members said that students counted points instead of distance while finding the length of an edge
while planning the lesson. Therefore, we decided to use isometric papers and drew figures on them. We asked
students to find the lengths of the edges and calculate perimeter of the figures. In teaching, | noticed that the
students counted the points instead of the distance to find the lengths of edges on isometric paper and our
predictions were correct (see Figure 2). For example, the length of one edge was 7 but the student said that it was
8 because he considered the points and found it as one more.

Figure 2. The figure related to calculation of perimeter

Another example addressing expectations and happenings was related to the confusion of perimeter and area. A
preservice teacher’s reflections on this issue were as below:

When it was asked how to find area of a square, some students said that ax4 or by multiplying one edge by four,
namely, perimeter instead of area. | think that it was expected to hear ax4 because they confused perimeter and
area and they wanted to make an operation with 4 because all edges of a square were equal. For example, one
student found the perimeter of a square by multiplying 7 by 4 as 28 instead of calculating the area multiplying 7
by 7 as 49 (see Figure 3). However, it did not make me surprised because we expected this confusion.

Figure 3. The question regarding area of a square
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On the other hand, preservice teachers’ predictions were not always consistent with actual mathematical thinking
of students. There were situations that preservice teachers expected to occur while planning, however, they did
not happen in teaching. One of the preservice teachers’ comments on the theme of expected but not happened
were as the following:

In one activity, we drew four different rectangles which had same perimeter and wanted students to predict
perimeter of which figure was bigger. We thought that student might think that they needed to know lengths of
all edges to say something about perimeter of the figures. However, there were no students who made comments
on this point. It was not as we expected and students gave answers considering only images of the figures such
as “perimeter of B is bigger because it is thicker” or “it is A, because it is longer” (see Figure 4).

Figure 4. The question regarding different figures with the same perimeter

Another preservice teacher’s explanations about students’ mathematical thinking were as follows:

In one activity, we wanted the students to cover the same of two rectangles with different two squares to show
the need for use of standard measurement units. We thought that students may have difficulty there and they may
not understand the reason on why the numbers of squares to cover the rectangles were different. However,
students explained the difference between the needed number of squares with statements like “one identical

square was bigger than the other”, “one square was 1x1 and the other was 4x4” and “their size is not the same”,
contrary to what we thought (see Figure 5).

- -
Figure 5. The same rectangles with different size squares

Reflections of one of preservice teachers regarding expectations and happenings were as below:

As planning the lesson, we thought that we should make students discover the formula of area from the
relationship between column and row, and we also thought that one example was not enough and asked two
questions in order to help students generalize the area formula of a rectangle and square. However, they could
understand formula at the first example on the contrary what we think and preservice teacher who taught the
lesson decided to skip the second examples for both rectangle and square feeling that it would not be necessary. |
think he gave the correct decision at this point (see Figure 6).

Figure 6. The éctiviti/ for introdUcih§ the area

formula of a rectangle and square
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Furthermore, preservice teachers did not expect or could not predict correctly students’ some mathematical
thinking ways while planning the lesson but they arose in teaching. One of the preservice teachers” comments on
the theme of not expected but happened was as the following:

For example, while students were summing the edges to find perimeter in one question, they confused which
edges they wrote or not. Thus, they missed some lengths to include in calculation or they added twice (see Figure
7). We did not expect this confusion and we decided to determining a point on one corner, wanting students to
write the edge lengths respectively until they reach this point in order not to be confused while calculating.
Moreover, the students could not draw the figure on the isometric paper in their notebooks. It made me surprised
because isometric paper and their notebook were similar and | expected them to have no difficulty here.

Figure 7. Another figure related to calculation of perimeter
Another preservice teacher’s explanations about students’ mathematical thinking were as follows:

For example, while drawing a rectangle, if it was similar to a square, students asked whether it was a square.
Therefore, we must be careful to draw the figures correctly because they focus on this point. Students should
understand long edge is bigger than short edge when they look at it. For example, even though we wrote 3 and 4
on the edges, they perceived it as a square without considering the numerical values and inequality of edges
because the lengths of edges look alike in view (see Figure 8). We could not predict students’ this approach
while planning.

Figure 8. The figure that students perceive as square

Another example addressing expectations and happenings was related to the confusion of representations. A
preservice teacher’s reflections on this issue were as below:

While giving the formulas of perimeter and area, we did not expect but the letters of | and s confused the
students. | think there is no difference between the use of a,b and I,s. On the contrary, | and s was more
meaningful because “I” was used to represent the long edge and was used to represent the short edge in line
with their first letter. However, students got used to a and b and when they encountered with different
representations such as | and s, they could not generalize and transfer knowledge. Therefore, we decided to use a
and b to represent edges of rectangle and square (see Figure 9).

[t
S

|
|
|

Figure 9. The activity to teach perimeter formula of a rectangle and square
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Preservice teachers’ some comments also showed their lack of knowledge about students’ mathematical thinking
and abilities directly. For example, they discussed on whether they should draw half squares in the form of
triangle while calculating area of figures. However, they were not sure about the students’ ability to complete
two half squares to a whole unit square. Therefore, they did not ask this kind of question but they noticed that
students could do it in teaching and their questions were easy. Preservice teachers’ predictions and expectations
about students’ mathematical thinking were very low. In teaching phase, they mostly realized that the questions
and activities in their lesson plans were very simple. Therefore, in reflecting phase, they discussed on making
difficult some of them so that the content of lesson plans would be more convenience in terms of students’
levels.

Discussion and Conclusion

The results indicated that there were differences between preservice teachers’ expectations and students’ actual
mathematical thinking. Similarly, many studies also revealed that there were differences between students’
mathematical thinking ways, difficulties, previous knowledge, misconceptions and teachers’ expectations and
predictions about these issues (Bas, Erbas & Cetinkaya, 2011; Bergqvist, 2005; Hadjidemetriou & Williams,
2002; Nathan & Koedinger, 2000a, 2000b). Some research also showed that teachers and preservice teachers do
not understand students” mathematical thinking ways sufficiently and they cannot utilize them during teaching
(Kilig, 2011; Tirosh, 2000).

In planning, it was observed that preservice teachers made incorrect or incomplete predictions about students’
thinking (Bas et al., 2011; Bergqvist, 2005; Hadjidemetriou & Williams, 2002; Nathan & Koedinger, 2000a,
2000b). They had difficulty in determining some questions and activities since they were not sure about
students’ previous knowledge or they could not predict students’ reactions. In this case, they underestimated
students’ potential and it was noticed that some questions were easy or the tasks did not include all necessary
concepts. Bergqvist (2005) also indicates that teachers tend to underestimate the students’ reasoning levels. The
reasons behind preservice teachers’ incorrect or incomplete predictions may result from their knowledge or the
effects of their own thinking ways (Doerr & Lesh, 2003; Zeytun, Cetinkaya & Erbag, 2010).

The results showed that students may mathematically think differently from what preservice teachers expected or
recognized. It supported the results of the studies in literature (Bergqvist, 2005; Kilig, 2011; Zeytun et al., 2010;
Tirosh, 2000) and revealed that preservice middle school mathematics teachers’ knowledge of students’ thinking
were limited (Didig, Erbas, Cetinkaya, Cakiroglu & Alacaci, 2015). However, it was also found out that the
preservice teachers were better in understanding students’ mathematical thinking during the process that
included planning, teaching-observing and reflecting. Therefore, it is recommended that this kind of process
should be integrated into teacher education programs.
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Abstract: In the literature, there have been research examining different grade levels of students’
understanding of geometric shapes such as triangles and their main elements as well as their auxiliary elements.
The purpose of the current study is to investigate preservice middle school mathematics teachers’ (PMSMT)
conception of auxiliary elements of triangles. In order to achieve this, the activity sheets about definitions,
constructions, and properties of auxiliary elements of triangles were designed and conducted to 23 junior
PMSMT. The PMSMT engaged in these activity sheets. The data were collected through their written works and
it was analyzed based on the content analysis which is a type of qualitative data analysis technique. It was found
that, the PMSMT could effectively define auxiliary elements of triangles. However, they had difficulty in the
properties and related theorems about auxiliary elements.

Keywords: Auxiliary elements, conception, triangles.

Introduction

Preservice mathematics teachers need knowledge and skills in order to perform their responsibility of teaching
geometrical concepts. They can acquire them in a learning environment designed by effective and useful
geometrical tasks related to these knowledge and skills. In this respect, it is necessary that the preservice
mathematics teachers should be in supported with a learning environment supported by rich opportunities to
obtain experiences in order to understand the geometrical concepts. In this wave, they can improve their
knowledge and understanding of geometry (Han, 2007; Henningsen & Stein, 1997).

In geometry, different grade level of learners are expected to attain knowledge about related concepts. Triangle
is one of the most important concepts among them. Triangles are essential in teaching geometry, but different
grade level of students unfortunately face with obstacles in understanding triangles (Damarin, 1981; Vinner &
Hershkowitz, 1980). In the literature, there have been research examining the students’ understanding of
triangles. Some of these research explain that the triangles should be taught focusing on analyzing and
understanding of elements of triangles. For example, in Wang (2011)’s study, it was found that prospective
elementary teachers could form accurate logical reasoning and explanations about main elements of shapes such
as angles and edges. However, they could not effectively reason using auxiliary elements. Also, Uygun (2016)
and Gutierrez and Jaime (1999) focused on preservice teachers’ understanding about altitudes of triangles as one
of auxiliary elements of triangles. They stated that it was necessary for them to attain deep knowledge about
altitudes. The researchers made suggestion to perform studies about other auxiliary elements of triangles for
future research. In this respect, the necessity of making investigations about auxiliary elements of triangles is
emphasized in the current study. Additionally, while Alatorre and Saiz(2010) investigated preservice and
inservice teachers’ understanding of altitudes of triangles; Gutierrez and Jaime (1999) examined students’
learning of altitudes of triangles as a type of auxiliary element. In their study, they found that student learning
was affected by their teachers’ understanding, explanations and transferring of the knowledge. The researchers
explained this finding by using quotations from a lesson designed by altitudes as a type of auxiliary element.
Different from these studies, this study investigates the impacts of teachers’ definitions, concept images,

- This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 4.0 Unported License,
permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

- Selection and peer-review under responsibility of the Organizing Committee of the conference
*Corresponding author: Tugba UygunE-mail: tugba.uygun@alanya.edu.tr

© 2017 Published by ISRES Publishing: www.isres.org



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 18 - 21, 2017 Ephesus-Kusadasi/Turkey

difficulties and errors about altitudes of triangles on their students. When the effects of teachers on student
learning are considered, it is important to educate effective and knowledgeable teachers in preservice years.
Moreover, many research in the literature have focused on the altitudes of triangles so it is necessary to pay
attention on other types of auxiliary elements of triangles. Hence, preservice teachers should acquire deep
knowledge and understanding of auxiliary elements of triangles. In this respect, it is important to examine
preservice teachers’ understanding of auxiliary elements of triangles. Therefore, in the present study, it was
focused on to investigate the understanding of preservice middle school mathematics teachers’ understanding of
different types of auxiliary elements of triangles.

Method

In this study particularistic case study is used, as the case is determined based on the criteria of the researchers’
interest and willingness. In a particularistic case study, the researcher identifies the phenomena that s/he wants to
examine and understand the phenomena deeply and document it in detail (Merriam, 2009; Stake, 1995).

The sample of the current study included twenty three preservice middle school mathematics teachers (PMSMT).
They were enrolled in the program of elementary mathematics education at a university in the northern part of
Turkey. The participants were composed of twelve female and eleven male PMSMT. The participants were
selected by using the criterion sampling strategy as a type of purposeful sampling strategy. The selection criteria
for the present study were being familiar with the necessary knowledge of geometry related to the concept of
triangles and being taken the undergraduate course of Geometry in their teacher education programs. The data
were gathered by using the video recordings of whole class discussion, audio recordings of peer group
discussions and artifact collection of their written documents of activity sheets.

The activity sheets were prepared in a way that PMSMT were asked to construct the altitude of triangles, prove
the formation of altitudes and concurrence of them on triangles as orthocenter, determine the places of this point
for different types of triangles and discuss their ideas and explanations about them.

The qualitative data analysis of the present study was performed based on the content analysis technique based
on the steps explained by Creswell (2012). The themes were determined as the formation of auxiliary elements,
concurrency of them, and naming the concurrency point. The strategies, justifications and explanations were
determined as the codes of the data analysis process. In order to provide trustworthiness, the strategies of
triangulation by data and investigator were used. The data were gathered from different sources including written
documents, audio and video recordings. Also, the transcripts were also analyzed by two researchers
independently. Moreover, member checking strategy was used.

Findings

In the process, the PMSMT focused on the formation of auxiliary elements of triangles. They constructed the
angle bisector, altitude, perpendicular bisector and median by using compass and straight edge. They studied
with their peers and participated in whole class discussions under the guidance of the instructor. The instructor
initiated the discussion focusing on the errors of the PMSMT about the construction of auxiliary elements.
Hence, their misconceptions and errors were removed and effective understanding was supported. For example,
the PMSMT constructed the angle bisector of a triangle in two ways and justified the formation of an angle
bisector was performed by two different strategies. In the first strategy, the angle bisector was constructed by the
knowledge that the angle bisector of a triangle could be perpendicular bisector at the same time if it was an
isosceles triangle. Therefore, they formed an isosceles triangle on the original triangle. Then, by constructing the
perpendicular bisector, the angle bisector was formed. In this process, the justification of this construction
process was also provided as in Figure 1as follows:

Instructor: Can you construct the angle bisector?

Ali: Firstly, I identify an isosceles triangle by drawing an arc. Then, | form the perpendicular bisector of the new
edge...
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Figure 1. Construction of angle bisector by isosceles triangle

In the other strategy, the angle bisector was constructed using parallelogram. By the knowledge that the diagonal
of a parallelogram formed two congruent triangles. They formed a parallelogram and two congruent triangles
having a common side. By this way, an angle bisector was constructed in a different way and also it was justified
by the knowledge related to parallelograms as in Figure 2 as follows:

Ayse: I draw a parallelogram by using the sides of AB and BC. Then, by the instructions of finding midpoint of
a line, I draw the diagonal of the parallelogram...

Figure 2. Construction of angle bisector by parallelogram

In the other part of the discussion process, the PMSMT focused on the concurrency of auxiliary elements of
triangles. For example, in the activity sheet about angle bisectors, they showed the concurrency of them by the
construction of all angle bisectors and justified the process by using the previous whole class discussion as
explained above. Moreover, the PMSMT justified the concurrency of angle bisectors by Ceva Theorem. They
explained that the angle bisector was a type of ceva and the concurrency of them could be showed by this
theorem. Furthermore, they provided another justification using angle bisector theorem as in Figure 3 as follows:

Instructor: What can you say about the intersection of all angle bisectors of a triangle?

Ayse: They are concurrent.

Instructor: How?

Ayse: They all intersect each other at a point. I can show this by constructing all of them...

Instructor: What else?

Arzu: An angle bisector is a type of ceva so | can use Ceva Theorem.

Instructor: How?

Arzu: If | can apply the theorem for the related lengths of the sides, I can show...

Instructor: Is there another way?

Elif:  Assume that there is a point as the intersection of the angle bisectors. Then, | draw the perpendicular
lines from this point to the edges. Hence, congruent triangles such as BGO and KBO are formed... (see Figure 3)
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Figure 3. Concurrency of angle bisectors by angle bisector theorem

In the last part of the whole class discussion, the PMSMT talked about the names of the auxiliary elements of
triangles. They discussed the incenter as the concurrency point of angle bisectors and the position of this point on
the triangle. They provided the justification by using angle bisector theorem as in Figure 3. Also, a different
justification was explained using the angles based on the arcs and the corners of the formed triangles by drawing
arcs on Figure 3 and focusing on the measures of these arcs and angles of the figure. Then, they examined this
situation focusing on the properties of these concurrency points. They also improved their understanding of these
points. Afterwards, similar activities and discussion procedures were performed other auxiliary elements of
triangles. They examined all auxiliary elements’ properties.

Discussion and Conclusion

In the study, it was observed that geometric constructions facilitated the formation of auxiliary elements of
triangles, relating with other concepts and justifying the formation of them. Through geometric constructions, the
learners make these examinations by broadening their views, thinking and understanding of geometry
(Cherowitzo, 2006). In this respect, it can be stated that geometric constructions can be useful in mathematics
teacher education in order to help them acquire and develop their geometric thinking and knowledge and
understanding about geometry concepts (Erduran & Yesildere, 2010; Hoffer, 1981; Napitupulu, 2001). The
present study was designed and conducted to examine preservice teachers’ understanding about a particular
geometry concept. This finding is parallel to the findings of some research in the literature since preservice
middle school mathematics teachers’ understanding of geometrical concepts can be improved by geometric
constructions (Cheung, 2011; Napitupulu, 2001). It was also found that whole class discussions improved the
PMSMT’ understanding of auxiliary elements of triangles since they analyzed and criticized the concepts and
their ideas about the solutions, formation of auxiliary elements, and justification of the ideas. This result is
parallel to the study of Olkun and Toluk (2004). They stated that class discussions facilitated students’ geometric
thinking and understanding of geometrical concepts. Therefore, it is important to support PMSMT by providing
an environment where they can have class discussions to understand geometric constructions. Also, the tasks and
learning environments can be designed in this way in order to develop preservice teachers’ knowledge and
understanding of mathematical concepts especially the topics in geometry.
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Abstract: Mathematics teachers do not remember how they interact with their students’ in mathematics
classrooms and also do not have ample time to reflect and analyse their pattern of interaction with the students;
however, they continue interacting differently with females and males without knowing. This study aimed to
investigate teacher-student interactions at junior secondary (JS3) mathematics classroom for gender bias. Mixed
method research design was employed. Two instruments were used such as Interaction for Sex Equity in
Classroom Teaching (INTERSECT) with a coding sheet and interviews. Six mathematics teachers, three males
and three females were observed three times each. The researchers recorded 361 interactions of 180 male and
150 female students who were present in the observed classrooms. The findings revealed that males received
significantly more acceptance-intellectual interactions than females did, the female learners receive significantly
more remediation— intellectual interactions than males did.

Keywords: Gender bias, mathematics classrooms, teacher-student interactions

Introduction

There is a global rise in the consciousness of the impact of gender issues in education (Modo, 2011; UNICEF,
2014). All over the world, gender issues have become topical due to their ripple effects on all spears of human
existence (Banks, 2005; British Council, 2012; Egbe-Okpengen & Orhungur, 2012; Miller et al., 2009; Sadker &
Zittleman, 2009), Nigeria is no exception. The occurrence of gender bias in teacher-student interactions in
mathematics classrooms in Nigeria is subtle in nature as such teachers are not aware that biases existence. This
happens on the daily basis decisions on regarding the classroom interactions of teachers with their students;
where teachers have no time to reflect or think back on their interactions with students in their respective
classrooms. Despite that many studies have addressed gender bias on teacher - student interactions in the
classrooms (Duffy et al., 2001; Hassaskhah & Zamir, 2013; Kokas, 2012) gender bias still exist. It suffices to say
that presently, gender bias is persisting in Nigeria mathematics classroom as established by Farajimakin (2010),
in which, male students are favoured in the classrooms in various subjects such as mathematics, physics, science
and technology. Teachers give more attention to male students than female students (Salman et al., 2011). The
bias is often subtle and unintentional, but its result is harmful. Adeyemi and Akpotu, (2004), Sadker and
Zittleman, (2009, 2007) claimed that gender roles difference is prevalent in Nigeria and other parts of the world.
Farajimakin (2010), Mustapha (2013), affirmed categorically that gender discrimination in classrooms is still
prevailing.

Literature Review

In a study of teacher—student interactions a sample of one hundred fourth, sixth, and eighth grade classrooms, the
findings showed that male students consistently out-talked and as well as out-participated female students
(Sadker et al., 2007). Similarly, Becker (2001) also discovered that teachers began conversation with males more
than females. However, these findings are similar to those of She (2000), who found that most of the teacher-
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initiated interactions involved more male students by using Brophy-Good Dyadic Child Interaction System, she
(2000) found out that 355 teacher-initiated questions, male students responded 78.7% to the teacher questions in
a mathematics classroom of 50:50 sex distribution. In another study, Kaily (2015) investigates gender bias in the
mathematics classrooms in the South western British Columbia Canada Christian middle school whether boys
and girls receive the same kind of attention from the teachers. Quantitative analysis of observation was
conducted on different teachers. A sample of eight teachers of grades six, seven and eight was used. The findings
revealed that boys received 13.58% more of teacher interactions and the girls received a less behavioural type of
interaction from the teachers than boys and both girls and boys receive similar amount neutral interpretations
from their teachers. Unfortunately, inferential statistics were not used in Kaily (2015) and Shel (2000) studies, it
is not clear whether there is significant difference between female and male teachers’ interactions patterns.
Therefore, there is a need for inferential statistics to determine the significant different of the teacher interactions
with both male and female students.

We reviewed the study of Einarsson and Granstrom (2002) that investigated the interactions of teachers and
students in the high school aiming at the effects of the teacher gender and student gender in mathematics. A total
of 597 students (294 males and 303 females) and 28 male and 8 female teachers were used in the study. The
observation instrument used was Interaction for Sex Equity in Classroom teaching (INTERSECT). Their
findings revealed that female and male teachers interacted with males more than females. But in contrast, Jones
and Dindia (2004), findings suggested that teacher interacts more with female students. More recently, Bag et al.,
(2014) examined female and male teachers’ interaction with female and male students in preparatory
mathematics lesson at State University Turkey. The instrument used was video-recorded and observation
Sinclair and Coulthard’s Classroom Discourse analysis model was adopted. The findings of their study suggest
that there is no equal distribution between the teachers’ moves in both academic and non-academic directed to
male and female students in classrooms. The findings of Bag et al (2014) are contradicted by the results of Leder
et al., (2014) that examined teacher-interaction with high achievers’ male and female students of grades 7 and 10
in Australia which shows that teacher gives greater attention to male students with high achiever than female
students with higher achievement too. Most of the studies on gendered teacher-student interactions in
mathematics classrooms have been conducted in western world (Howe & Abedin, 2013). It is repeatedly
suggested to explore whether these results can be reproduced in other nations.

Studies by Kechen (2007), Khine and Fisher (2003) examined teacher and pupil interactions in mathematics
classroom levels at each different stage of classes in Northeast England. A modified version of INTERESCT was
used to record the classrooms interactions. The findings revealed that female learners received more positive
feedback from the teachers than males. Secondly, male learners are active more in the morning lessons, while in
contrast, female learners get attention more in the later period of the lesson than males. The results of Kechen
(2007), Khine and Fisher (2003) are contradicted with the findings of Koca (2009), Sobel et al., (2004) that
indicated female and male teachers interact more with male learner more than their female counterparts. It is
interestingly to note that the results of the study would have pedagogical and psychological implications which
require further studies. Many of these researches on gendered teacher-student interactions in mathematics
classroom has generated inconsistent findings in various studies. That is negative feedback found in females than
in males but it is still unclear which female students that account for these negative feedback increased (Howe &
Abedin, 2013). Previous studies on teacher-student interactions in mathematics classrooms focused on secondary
and university mathematics students. This present study extends to JS 3 mathematics classes in Nigeria.

Gul et al, (2012) in their study found that teachers interact with male students which are paralleled to the
findings of Shomoossi et al., (2008). However, Staverman (2012) found that in grades 7 -9 of middle school
mathematics, although male teachers interact more with male learners than females, but however, female
teachers interact equally with female and male learners. The findings of Gul et al, (2012) study are interested
simple because of the size of the sample of 155 teachers from 21 schools, the stratified random sampling and
inferential statistics analysis were used in the study. However, there is difference between the studies of Gul et
al, (2012) and Staverman (2012) whether the middle female teachers are equally interacting may be as a result of
either (i) weak statistical effects which could be expecting to fluctuate from studies to studies or (ii) different
population of participants in the study. In sum, the findings suggested that females sometimes are receiving
messages that are subtle which can affect their academic negatively.

Problem Statement

Gender bias is manifested in teacher-student interactions in mathematics classroom have a negative implication
for both male and female students which may affect them from reaching their full potential (McDonnell, 2007.
The occurrence of gender bias in the mathematics classrooms is subtle in nature as such, teachers are not aware
of its existence. Female students are continually treated differently in mathematics classrooms besides the fact
that teachers give more attention to male students than female students. Improvement of gender equity of
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teachers’ interaction in mathematics has been a concern of researchers. It is based on this issue that the
researchers choose to ascertain the extent of gendered interactions of teachers in mathematics classrooms. In
Nigeria, research on gendered teacher-student interactions in mathematics classrooms is scare, however, the
small amount of studies focuses on teacher-student interactions in primary science and physics (Kalu, 2005;
Oyebola, 2003). Therefore, there is a need to investigate teacher-students’ interactions at junior secondary
mathematics classrooms in Nigeria to proffer solutions to the differential treatment of male and female students
at junior secondary school mathematics classrooms.

Purpose of the Study

This study examined teacher- student interactions patterns for any possible gender bias in junior secondary
mathematics classrooms (JS3) in Abuja Nigeria. Observations of the junior secondary school mathematics
classrooms are important since a lot of female students begin their first senior education experience at junior
secondary (JS3) level. In addition, since these students choose their career at junior secondary school, the junior
secondary school is a place to observe for any possible gender bias. Teachers’ differential treatment of females
in mathematics classrooms, may cause student to chance their career choice.

Research Questions
The study sought to find answers to the following research questions thus;

1.What is the proportion of the four evaluative types and two contents of interactions in mathematics
classrooms?

2.1s there any significant gender bias difference between teacher-student interactions based on four evaluative
types of interactions in mathematics classroom?

3. How do teachers perceive their interactions with students at junior secondary mathematics classroom?

Methodology

To achieve the purpose of the study, we adopted mixed method research design approaches. The quantitative
data were subjected to descriptive and nonparametric Chi-Square test statistics. And for qualitative aspect, Miles
and Huberman (1994) model was adapted for thematic analysis. A sample of (3) three males and three (3)
females’ mathematics were used making a total of six mathematics teachers in the three sampled schools. Two
teachers are used in each sampled schools and each was observed three times for a period of two weeks, and
each observation lasted 40 minutes. A total of 330 students were in these classes which comprised of females (n
=150 (45.5%)) and males (n = 180 (54.5%)). The six mathematics teachers were purposively selected for the
interviewed, and two research assistants were used for the data collection from the observed mathematics
classrooms.

Data Collection

A modified Interaction for Sex Equity in Classroom Teaching (INTERSECT) and coding sheet form for teacher-
student interactions were adapted from Duffy et al., (2001). Specifically, the current instrument involved coding
teacher-student interactions, (a) evaluative type; criticism, acceptance, praise and remediation and (b) evaluative
content; intellectual and conduct enable the observers to code for eight (8) potential types of interactions
between the teacher and the students.

The inter-rater reliability for each category of interactions observed was calculated by using each data of
observations from the two research assistants that were employed. The inter-rater reliability analyses indicated
that the four areas of interactions reflected good inter-rater reliability with the kappa of 0.68 of praise, 0.72 for
acceptance, 0.62 for remediation and 0.78 for criticism. The themes reliability was 0.70 using Cohen kappa
which shows the overall agreement of four evaluation types of interactions during pilot testing of the study.
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Data Analysis Procedure

The six (6) mathematics teachers were observed three times, and each observation lasted for 40 minutes over a
period of two weeks. Descriptive statistics was employed in quantitative part for patterns of four evaluative types
of interactions (remediation, praise, criticism and acceptance) in mathematics classrooms, which was computed
based on two evaluative contents (intellectual and conduct) of interactions and also chi-square statistic test was
used. For qualitative data, Thematic Analysis (TA) using Miles and Huberman (1994) model was adopted.

Results and Findings
Research Question 1

What is the proportion of the four evaluative types and two contents of interactions in the mathematics
classrooms?

The analysis of the observational data focused on the nature of a teacher and student interactions patterns that
emerged and the distribution of teacher interactions between male and female students in the mathematics
classroom. In this section, Z-tests were carried out on all these interactions for teachers and students’ gender in
mathematics class, and a Bonferroni correction of alpha .01 was used because of the data were split by gender.
This help to counteract the problem of multiple comparisons (Goldman, 2008). Female teachers (z = 2.82, p <
.05) directed more of interactions toward males than females. When a teacher directed interactions to the whole
classroom, Bonferroni correction for alpha .01) which indicated there was no significant student gender
difference for responding to the male teacher of mathematics (z = 2.32, p < .05) female mathematics teachers (z
= 1.94, p < .05). The overall sum of interactions of male teachers indicated a greater interaction toward male
students than female teachers in mathematics (Z = 4.22, p < .05). Table 1 presents the values that represented
the overall percentage of interactions which was directed toward females and males by both female and male
mathematics teachers at JS 3 mathematics classrooms.

Table 1. Number of male and female mathematics teachers interactions toward male and female learners in
mathematics classrooms

Interactions directed by Student
Mathematics Teacher Male Female
Male teacher 74 .26
Female teacher .63 37

The total sum of the interactions includes four substantive interactions and two evaluative content on each of the
category of interactions and definitions are given the areas of interaction in this study are; praise, acceptance,
remediation and criticism with evaluative contents; intellectual and conduct. All interactions that took place
between teachers and students in mathematics classrooms were analyzed (see Table 2)

Male teachers directed praise- intellectual to male students which accounted .78 and .03 to female students.
There is no praise conduct to both female and male students from male mathematics teachers. Female
mathematics teachers directed .32 intellectual praise- intellectual interactions to male students and .14 to female
students. There is no praise-conduct interactions from female teachers to male and female students in
mathematics classrooms. This also followed by acceptance-intellectual in which, male teachers directed a
proportion of .32 and .36 to male and female students respectively. Male teachers only directed .03 of acceptance
conduct to male students and non to female students, while female teachers directed acceptance- intellectual
proportion .13 for male and .07 for female students. There is .03 acceptance conduct of interactions toward male
and .02 to female students by the female mathematics teacher.

In remediation intellectual interactions, male teachers directed .12 and .23 to male and female students
respectively, while .02 is directed to both male and female students on remediation conduct interactions by male
teachers. And female teachers directed remediation intellectual interactions .23 and .18 to male and female
students respectively and also directed remediation conduct interactions of .02 to males and .04 to female
students. And on intellectual criticism interactions, male teachers directed .13 to male, .05 to female students,
while .01 criticism-conduct was directed to male and non to female students. Female teachers directed
intellectual criticism interactions of .34 and .25 to male and female students respectively, while .05 of conduct
criticism was directed to male and .07 to female students. Overall the intellectual praise .78 is the greater
proportion of interaction that was directed by male teachers to male students, and .03 was the lowest intellectual
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praise directed toward female students by male teachers. While .03 acceptance conduct was directed to both
male and female students which are the greater conduct while the lowest praise conduct to both male and female
students and also criticism conduct. The greater proportion of female teacher intellectual was acceptance .36 to
male students and zero is the lowest conduct directed by the female teacher to female students at .00. These
proportion of evaluative types of interactions are showed in Figure 1.

Table 2. Proportion of evaluative type interaction in mathematics by gender of student and gender of teacher
Mathematics teacher

Interactions

Male Female
Praise towards
Male students
intellectual .78(100) .32(18)
conduct .00(0) 00(0)
Female students
intellectual .03(4) .14(8)
conduct .00 (0) 00(0)
Acceptance toward
Male students
intellectual .32 (41) .36(20)
conduct .03(4) 00(0)
Female students
intellectual .13(16) .07(4)
conduct .03 (4) .02(1)
Remediation toward
Male students
intellectual 12(15) 23(13)
conduct .02(2) .02(1)
Female students
intellectual .23(30) .18(10)
conduct .02(3) .04(2)
Criticism toward
Male students
intellectual 13(17) .34(19)
conduct 0.01(2) .05(3)
Female students
intellectual .05(7) .25(14)
conduct .00(0) .07(4)

Note. Proportions were calculated within each of the four groups in mathematics and gender of student. The
values in the round brackets are observed frequencies. There are 180 males and 150 females in these observed
classrooms.
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Figure 1. Proportion of evaluative type interaction in mathematics by gender of students and gender of teachers
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Discriminant analysis was employed in order to see if teachers’ gender, the gender of students and mathematics
are differentiated the types of the evaluative teacher to student interactions of praise, remediation, acceptance,
and criticism. Function one indicated a significant different between four evaluative types of interactions A =
.86, p < .05. Therefore, function one is associated with students gender r = .73 and it accounts for 73% of the
variance between types of interactions in mathematics classrooms observed. Females received more remediation
than males, whereas males received praise, acceptance and criticism more than their female counterparts as
showed in Figure 2.
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Figure 2. Proportion of teachers’ evaluative type interaction in mathematics by gender of students

Research Question 2

Is there any significant gender bias difference between teacher-student interactions based on four evaluative
types of interactions in mathematics classroom?

Discriminant function was used to determine the effect of teacher gender and mathematics on evaluative types of
interactions. It was revealed that male teachers used more praise than female teachers ¥2 (1, N =104) =7.42; p <
.05. Acceptance was used more by male teachers than female mathematics teacher 2 (1, N= 65) =4.73; p <.05.
In remediation, male teachers used more than their female counterparts 32 (1, N = 50) = 3.42; p <.05. On one
hand, criticism was used more by female teachers than male teachers x2 (1, N = 40) =1.74; p > .05. It was found
that praise was directed toward males significantly than females }2 (1, N =118) = 8.12; p <.05. Acceptance was
directed significantly more toward male students than directed toward their female students 2 (1, N =65) = 4.64;
p <.05. Remediation was directed toward female students significantly more than male students 2 (1, N = 45)
=1.13; p > .05. Criticism was directed toward male student significantly more than toward female students y2
(1, N = 40) = 1.10; p < .05. It was found that 93% of the interaction were intellectual and 7% of the interaction
was conducted which was based on four evaluative types of interactions such as praise, acceptance, remediation
and criticism as shown in Figure 3.

H Intellectual ™ Conduct

Figure 3. Frequency of evaluative content of interactions of teachers with gender
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Discriminant analysis was also conducted in order to see if students’ gender, teacher gender, and differentiated
of evaluative content of teacher- student interactions. The function indicates a significant differentiation among
four evaluative content of interactions, which, is A = .96, p < .05 and the function is associated with mathematics
r =.84 and accounts for 84% of the variance between evaluative content of teacher -student interactions in which
intellectual interactions 93% than 7% of conduct interactions in mathematics classes. Chi-square analysis was
carried out to determine the differences in how 8 types of evaluative interactions were used. It was revealed that
the type of interaction is depending on the gender of student ¥2 (8, N=361) = 11.72; p < .05. Males received
significantly more acceptance-intellectual interactions than females, z = 4.23, p < .05. Female students receive
significantly more remediation— intellectual interactions than male students did, z = 5.46, p < .05 and male
students received more criticism- intellectual interactions than female students’ z = 4.92, p < .05. Female
students received significantly more acceptance-conduct interactions and remediation-conduct interactions than
male students, z = 3.48, p < .05.

Research Question 3
How do teachers perceive their interactions with students at junior secondary mathematics classroom?

The categories are created from the interviewed data from teachers that participated in this study. The interview
question was “do you feel that male and female students need to be treated differently in your mathematics
classroom If yes why and how? The data from the interviews represented a coalescence of data into patterns of
behaviours. These categories are grouped into two themes of mathematics classroom interactions. The themes
are; Teacher academic attention and interactions and Gendered differential treatment by teachers include
different types of interaction which is related to teacher and student roles in mathematics classrooms

Themes 1: Teacher Academic Attention and Interactions

Teacher- student interactions in mathematics classrooms are important factors in behavioural and academic
outcomes for both male and female students. For effective teacher- student interactions are essential for
promoting long time success in mathematics at junior secondary 3. This includes acceptance, remediation, praise
and criticism intellectual from the teachers to male and female students in their mathematics classes. Either male
or female student who received negative attention from teachers has increased the problem emotionally and
disruptive behaviours. Male students received more attention from both male and female teachers than female
students in which is in all cases is academic attention. Participants are of the view as showed that;

“I give attention to the most intelligent male students since the student always...questions and ... in my
class I do not see that to be bad after all the male are doing... than the female students in mathematics
and...” (Male teacher).

Another participant with the similar view to (male teacher), this is illustrated below;

“You see...if whether a male student is not doing well in your class you need to tell him to work harder ...
same when the student is good in mathematics 1...that is very good of ... keep it up. This will the student
to encourage and strive to see he answer questions often in the class” (Female teacher).

The data suggested that a need for given attention to those with difficulties in their work by encouraging and
monitor them in the classrooms. Thus a participant pointed that female students seemed not to be doing well in
the subject which likely is, as a result, less attention is given to them, thus a female participant has this to say;

“Hmmm ...after the female student answer the questions incorrect... as a teacher I ...the female student
seems not to...serious which they need to work hard so as a teacher | need to give those female students
attention and also using eye contact to female students in the class...” (Male teacher).

The mathematics teachers reacted positively to only those students that are good in their classes irrespective of
the student gender. It is also noted that the boys and girls behave differently in their classroom from what is
expected from them by the teachers.

“[ think you need to improve your answer Janet... we want to know how you got that solution unlike the

answer Audu gave which is better understandable. In this case, one does not need to... them the same
because ...These are the things you will notice when you are teaching” (Female teacher).
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Theme 2: Gendered differential treatment by teachers

The audio tape recording of teachers’ interviews in mathematics classrooms at junior secondary mathematics
classrooms in Nigeria on differential treatment of male and female students was an appropriate tool to create
awareness and reflection on gender bias treatment among male and female learners by their teachers. The
intention of the interviewer was to determine the existence of gender bias in mathematics classrooms in terms of
teacher-student interaction based on four evaluative types and two evaluative contents of interactions. Some
teachers during the interview critically analysed their own behaviour and thought about using alternative
approaches for the treatment of male and female students in their classrooms in the future. Here are some
examples that were presented.

“In my class when a male student is good in mathematics 1... the student to feel really happy with the
answer he has given. You ... really good in mathematics. The praising of the student should focus on the
effort the students has accomplished. This will help the student to work more hard to prepare for the next
class or examination. It also helps the student to see the link between the efforts he has invested in a task
which has improved his academic performance in mathematic” (Male teacher)

Another participant pointed that male students are found of disturbing and distracting the attention for those want
to learn and therefore their treatment is different from that of female students. An example for differential
treatment as;

“Ahaha... am...know the male student are found of disturbed the whole I thereby reprimand them more
since the female students are always quietly and attentive. | do praise appreciate the female students for
... Hmmm...hmm, the male students are always making noise and moving from... and I need to treat that
student differently” (Male teacher).

In additional, there are views from participants on teachers been harsh to female students simply because they
are not able to answer questions in mathematics classroom.

“Wow! I'm... overreacting on female students that do not answer my.... In class. Some female students
are saying that I'm harsh ... which i think I am not but just because they seem not to like mathematics. 1
do tolerate them a lot. Well... with the boys, there is N0 need to be harsh to them they are good in
mathematics. But | still appreciate any girl that is good in my class. | have to say to good female student
“Mary you are making me proud ... of doing well unlike the other girls” (Male teacher)

Students are treated as an individual, not as girls or boys; the boys and the girls do not receive the same
treatment on the basis of discipline, and boys received more punishment and detentions than girls, this was due
to the facts that boys are more indiscipline in behaviour and as well inadequate in working pattern; This is an
example from the interviewees;

“Yes, in fact, I treat them differently because I did that when John was disturbing mathematics class and
not when Bola does the same... Its right, | think because John is found of doing that almost in every
mathematics class, the male students are distracted more than the female students...there are some
students that you always prefer. But you do not need them to know because all are equal before the
school rules and regulations” (Female teacher).

It is somewhat not surprising despite the perceptions of female students about the teacher’s behaviours towards
them, some teachers that were interviewed in junior secondary mathematics classrooms, reiterated that they do
not treat both girls and boys equally in their mathematics classrooms. Some of the teachers were very clear that
they give unequal treatment thus;

“Oh ... there is difference in my teaching of males or females ... I enjoy teaching mathematics and I have
experience and skilled. Different treatment of girls and boys...yes, I know about it” (Female teacher)

Some participants supported the different treatment of male and female students in mathematics classrooms
which may be unintentional by teachers which they are not aware of. Thus,

“Am ... not aware of treating females differently to males. Having .... said that, I do not ... know if that
happened without my knowing which is not intentional. So...am not aware ... it, which it can be

possible” (Male teacher)

In the broader perspectives most teachers have the belief that they are giving equal treatment to both male and
female students in the mathematics classroom in order to support the students learning, but it has been observed
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that it is very rarely to achieve. In most of our school's male students appear to dominate the classrooms
interactions, and while the female students participate more in teacher-student interactions which are supporting
learning. Mathematics teachers that participated in this study provided an insight into the different treatment of
male and female students in mathematics classroom in Nigeria. The combination of the classroom observations
and interviews reveal that the content of gender bias in teacher-student interactions exist in mathematics lessons,
which the result may limit the female self-esteem and lower their achievement in mathematics.

Discussion of Findings

The results obtained from the classrooms observations on four evaluative types and two evaluative content of
interactions in Table 3 shows that both male and female teachers at junior secondary mathematics classes in
Nigeria directed praise intellectual (.78, .32), acceptance —intellectual (.32, .36), criticism-intellectual (.13, .34)
and remediation intellectual (.12, .23) towards male students’ more than female students in mathematics
classrooms. These findings are commensurate with past literature which reveals that male students received all
intellectual evaluative types of interactions than the female student from both male and female teachers (Duffy et
al., 2001; Jones & Dindia 2004; Kaily 2015). The findings further reveal that female teachers directed more
criticism —conduct (.07) and remediation—conduct (.04) towards female than male students in mathematics
classrooms. The results are inconsistent with previous literature, which shows that female teachers directed less
criticism —conduct and remediation-conduct to female students than male students in mathematics classroom
(Einarsson & Granstrom, 2002; Eriba & Achor, 2010; MCDonnell, 2007). In this current study, female students
received fewer interactions than male students from both male and female mathematics teachers which are
commensurate with the study of (Hassaskhah & Zamir, 2013; Author, 2015). The finding shows there is a
significant different between male and female teachers direct four evaluative types and two content of
interactions more towards male students than female students.

Triangulation of the Findings of quantitative and qualitative

This section of the study used (classroom observations) quantitative statistical analyses to confirm or reject the
existence of gender bias in teacher-student interaction based on four evaluative types and evaluative contents of
interactions and mathematics textbooks. In addition, interview data based on these evaluative types and
evaluative contents on gender bias (qualitative data analysis) was used to explore other gendered bias on teacher-
student interactions in mathematics classrooms which has not been earlier theorised. Combining the classroom
observations findings with the interviews results have conceptually stronger than using only single data for the
existence of gender bias in teacher-student interactions in mathematics classrooms setting at junior secondary
mathematics classroom in Nigeria.

Combining the quantitative and qualitative data represented one can conclude that is differential treatment
occurring in teacher-students’ interactions in mathematics classrooms based four evaluative types and two
evaluative content of interactions. Although the two categories of teacher-students’ interactions are interrelated
in a consistent pattern of teacher-student interactions which male and female teachers, certainly treat them
unequally. Teachers in the study treated the male and female student differently in all four evaluative type and
evaluative contents of interaction in mathematics classroom (criticism, acceptance, remediation and praise).
Generally, the difference in treatment is negative ways for male and female teacher give more attention to male
students.

Conclusion

In sum, there is differential treatment of male and female students by both female and male teachers in
mathematics classroom at junior secondary mathematics classroom in FCT Abuja Nigeria. The findings of the
study revealed that the gender of the student affects their interaction with the mathematics teacher. Male and
female mathematics teachers’ interaction with more male students in the four categories of interactions than with
female students at junior secondary school (JS3) mathematics classrooms. For male and female students to
experience equal treatment by their teachers in mathematics classrooms, there must be gender equity in her
educational system. Equal treatment can only be achieved the moment the notion of females is being inferior to
males is eliminated. Female students should be given their own desire recognition to actualise their dreams and
potential. Both new and old mathematics teachers need to go for training and retraining on the issue of gender
equity on yearly basis in order to create awareness among mathematics teachers. The results of this study
revealed that teachers at junior secondary three (JS3) mathematics classrooms are not aware of gender bias
exhibited toward male and female students in their interaction.
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The qualitative findings of research question 1a reveal that both male and female teachers give more interaction
to the most intelligent students in mathematics irrespective of their sex, which is in line with the findings of
Shomoossi et al., (2008) reports that only intelligent students received more interaction in the classroom. The
findings are also consistent with previous studies Beam et al., (2006), Brandell and Staberg (2008), Cameron
(2005) and Myhill (2002). These results suggested that male students do not generally monopolise mathematics
classroom interactions. There is gender bias in mathematics classrooms as demonstrated through teacher to
student interactions by observations and interviews. The reasons why female and male teachers are interacting
with males more may be due to the fact that male students interact more in mathematics classrooms than female
students. Secondly, it could be due to the notion that mathematics is a male domain, and the cultural belief of
some part of Nigeria is that any female that is good in mathematics is termed “smarter” as such, no man will
want to marry that lady. This study could be extended to senior secondary mathematics classroom to investigate
the patterns of gender difference of interactions between teachers and their students.

Recommendations

Based on the findings of this study, future study is required to examine other factors that may likely cause
teacher — student interactions in mathematics classrooms which may explain gender differences in teacher-
student interactions patterns in mathematics.
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Abstract: The topic of ionization energy is one of the important topics of the secondary school curriculum of
many countries. In this study, it was aimed that to determine the secondary school students’ alternative
conceptions about ionization energy. For this purpose, a true/false diagnostic instrument was used to obtain data.
The instrument which contains 20 questions was translated in Turkish firstly. After then to provide content
validity, the instrument was examined by seven chemistry teachers. To provide reliability, the instrument was
applied to 38 students twice. The final instrument was administered 956 students who are attending at 9th grade
(269 students), 10th grades (253 students), 11th grade (236 students), and 12th grade (198 students) from nine
different secondary schools in Balikesir, Turkey. At the end of the study, it was found that the students had two
alternative frameworks that are the full outer shells explanatory principle and/or the conservation of force
conception.

Keywords: Secondary school, students, ionization energy.

Introduction

In many countries’ secondary school curriculum contains the periodicity of atomic properties such as ionization
energy, electronegativity, electron affinity and atomic radius. All of them are essential to interpret many
chemical phenomena and concepts. Previous studies have indicated that students have the learning difficulty and
the alternative conceptions in ionization energy topic. Taber (1999) developed an instrument to determine first-
year A-level students’ understanding of ionization energy in the UK. He found that a significant proportion of
the students based their explanations of ionization energies on the full outer shells explanatory principle and/or
the conservation of force conception rather than on Coulomb electrostatics. As Taber (1999) expressed that
prerequisite knowledge needed by students to successfully understand ionization energy and patterns of
ionization energies across a period/down a group of the Periodic Table includes the electronic structures of
atoms and how they relate to the Periodic Table. Although this chemical knowledge is very important for
explaining patterns in ionization energies, it is not sufficient. Students also need to apply basic electrostatic
principles that they learned in physics to explain the interactions between an atomic nucleus and electrons
(Taber, 1999). Although the students’ conception concerning ionization energy in many countries such as UK,
Singapore, China, New Zealand and Spain has been examined by researchers (Tan, Goh, Chia & Treagust, 2002;
Tan, Taber, Liu, Coll & Lorenzo, 2008), there is no work concerning Turkish students. The topic of ionization
energy is placed in both 9th and 11th-grade secondary chemistry curriculum in Turkey. From this departure
point, the aim of the present study relate to following research question:

Do Turkish secondary school students base their explanations of ionization energies on the full shells
explanatory principle and/or the conversation of force conception rather than on electrostatic principles?
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Methods
The Diagnostic Instrument

The original English language version of the diagnostic instrument “Truth about Ionisation Energy” by
developed Taber (1999) which is a simple line diagram and 30 statements that were to be judged as true or false.
The refined 20-item version of the instrument was used in the Turkish study reported here. The instrument was
first translated into Turkish by author CN and was then checked by an English lecturer.

Content Validity and Reliability

To establish the content validity of the instrument, firstly both the secondary school chemistry curriculum and
textbooks were examined by the authors. After then the instrument was validated by nine experienced chemistry
teachers. To provide reliability, the instrument was re-administrated to 39 students after eight weeks. The
correlation value obtained between the two measurements 0.4%. The final version of the instrument applied to
200 students and it was decided to provide establish of reliability.

Participants

The final instrument was administered 956 students who are attending at 9th grade (269 students), 10th grades
(253 students), 11th grade (236 students), and 12th grade (198 students) from nine different secondary schools.

Results and Findings

The first question of the test is about the definition of ionization energy and it is a correct expression as "Energy
is required to remove an electron from an atom." 97.80% of the students said that this is true. It is seen that a
significant part of the students knows the definition of the ionization energy correctly. The second question is a
question based on electrostatic interaction. 78.97% of the students answered correctly. In the third question,
37.45 % of the students gave the wrong answer. This question reflects octet thinking. It can be said that a
significant proportion of the students have the alternative conception in this regard. The expression in question 4,
"Only one electron can be removed from the atom, as it then has a stable electronic configuration.”, only 39.54%
of the students answered correctly. More than half of the students (56.49%) responded incorrectly. Another
three questions concerning octet rule thinking are the questions 12, 18 and 20. %67.68 of the students answered
the question 12 incorrectly. The question 18 is an incorrect expression as “The atom would be more stable if it
‘lost” an electron”. However, 80.23% of the students said that this is the true expression. The question 20 is an
also an incorrect expression as “The atom would become stable if it either lost one electron or gained seven
electrons.” 80.02% of the students said that this is a true expression.

Conclusion

It was concluded that students had “electrostatic interaction thinking”, which is expected to learn from them, in
part. On the other hand, the students seem to understand the principles of electrostatic interaction at some point,
they cannot fully apply it to their explanation of ionization energy. As explained by Taber (2003), this may be
related to the fact that the electrostatic attraction law is the subject of both physics and chemistry. Electrostatic
attraction law is taught by both physics and chemistry teachers separately for the same group of students in both
chemistry and physics classes. In fact, this can be expected to be useful again. However, teachers 'different
tendencies and approaches can confuse the students' minds. As you can see here, although the students use this
law correctly in their explanations on ionizing energy, they have a very common alternative framework, octet
framework.

Recommendations

The following suggestions can be made in line with the results obtained in the study. First of all, the students
should be aware of the fact that it is not right to explain each event with the full shell stability. It will be more
accurate and meaningful for the students to be given the reasons for the change of the periodical properties rather
than the patterns. Finally, a special way for teaching subjects taught in both physics and chemistry lessons such
as electrostatic interaction should be followed.
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Abstract: The aim of this study is to investigate the interaction effects between gender and grade level among
rural indigenous secondary school students’ attitude towards chemistry of Sarawak, Malaysia. The students’
attitudes were measured using Attitude towards Chemistry Lesson scale (ATCLS) form of a multidimensional
questionnaire to provide the interaction effects between gender and grade levels. The subscales which are
involved in ATCLS are liking for chemistry theory lessons, liking for chemistry laboratory work, evaluative
beliefs about school chemistry and behavioural tendencies to learn chemistry. ATCLS was administered to 470
rural indigenous secondary school students between age 16-18 years old which involve 177 males and 293
female students. Only two grade levels were chosen in this study that is form 4(245) students and form 5 (225),
students. The two-way MANOVA statistical analysis was used to identify the effects of gender and grade level
on rural indigenous secondary school students’ attitude towards chemistry. The finding show that gender
(Wilks’ lambda = 0.955, F (4, 463) = 5.47, p <0.001) and grade level (Wilks’ lambda = 0.969, F (4, 463) =3.68,
p < 0.05) have a significant effect on attitude towards chemistry. The finding also shows that no significant
interaction effect on gender and grade level (Wilks’ lambda = 0.983, F (4, 463) = 2.03, p > 0.05) on rural
indigenous secondary school students’ attitude towards chemistry.

Keywords: Attitude, gender, grade level, indigenous students, learning chemistry.

Introduction

Chemistry is an important area of Science. Chemistry is a subject that is unique and interesting. Chemistry is
also important as it relates to our daily life activities. Other than that chemistry can help to develop many areas
of knowledge to bring new technology in this modern world. However, the chemistry subject is considered to be
one of the difficult subject among Malaysian students (Chu & Hong 2010; Abu Hassan Kassim 2003).
Therefore, it is important to developing a positive attitude toward chemistry between the school students because
the positive attitude will help them to change the perception and understanding of chemistry. According to
Yunus & Ali (2013), most students lose interest in chemistry was due to the attitude of their own. The positive
attitude is important to improve academic achievement in chemistry.

The main goal in developing chemistry curriculum are to understand students attitude while learning (Abrahams
2009). The attitude of the students in learning chemistry is a complex contract. A negative attitude towards
chemistry is also due to the wrong approaches from using teaching materials by teachers and teachers weak in
handling informal teaching in classroom (Najdi 2009). Good teaching can be carried out if the teacher can
evaluate the curriculum that has been developed. The authorities designing curricula should provide a space for
teachers to make evaluations of the curriculum (Fensham & Bellocchi 2013; Van Houtte, Demanet & Stevens,
2013). Chemistry teacher can conduct lessons more effectively if they can identify the weaknesses and
strangeness of a curriculum (Cheung 2011).
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Learning outcomes of the curriculum of chemistry can be divided into three main domains of cognitive,
psychomotor and affective. The focus of this study is to the affective domain which includes the outcomes of
motivation, attitudes, values, self-esteem and self-efficacy. Affective domain is a domain that is important to the
teaching of chemistry. Many teachers do not focus on this domain and they also are not familiar with how to
assess students' attitudes (Cheung 2011). Although the behaviour, values and attitudes have been adopted in
various curriculum in Malaysia but it did not become part of the formal assessment procedure (Yahaya & Hasan
2011; Nurzatulshima Kamarudin, Lilia Halim, Kamisah Osman, & Subahan T 2009). Many studies regarding
attitudes to Malaysian secondary school students’ towards science have been carried (Iksan, Halim, & Osman,
2006; Kamisah, zanaton, 2007; Kususanto, Fui, & Lan, 2012) but fewer studies were found about Malaysia
secondary school students’ attitudes towards chemistry (Fah, 2014). Other than that there are no study found
about Sarawak indigenous students’ attitude towards science or chemistry. Therefore the purpose of this study
was to examine the interaction effect of gender and grade level with respect to indigenous secondary school
students' attitudes toward chemistry lessons in Sarawak, Malaysia perspective.

Problems in Learning Chemistry

The main problem in learning chemistry are low students understanding about the content of chemistry
curriculum. This can be seen from the students' achievement of chemistry in secondary schools is still at a low
level (Edomwonyi-otu & Avaa, 2011). This is because many students still weak in mastering the basic concept
of chemistry. This statement is supported by the results of chemistry SPM 2014 examination performance report.
Students often have problems with science subjects due to students’ response that science is too difficult, less
efficient, less problem-solving skills, boring and too abstract (Asarudin Ashari, 1995; Mohd Nor & Tay, 2010;
Taber, 2002). Most students have a low understanding of the basic concepts of Chemistry and this left them in
the learning process of chemistry. Teachers should plan lessons based on the theory of constructivism to make
sure the basic concepts of chemistry can be improved (Mohd Nor & Tay, 2010). Low basic understanding of
chemistry will disrupt the learning process at a higher level. A basic understanding of chemistry is important so
that teaching is not considered difficult, boring and too abstract. A chemistry teacher at the school should play a
role by planning lessons using a variety of methods so that the basic and abstract knowledge of chemistry can be
understood by all students.

Understanding abstract concepts in chemistry are important. Learning concepts and theories of chemistry at high
levels is difficult if students cannot master an abstract concept (Sirhan, 2007). This abstract concept often
combined with the mathematical concept of a chemical that causes students’ understanding become more
difficult which chemistry learns requires a set of skills at a high level (Peter Fensham, 1998; Zoller 1990; Taber,
2002). Other than that, chemistry also is considering a difficult subject because students having difficulty to
understand the concept of problem-solving. In addition, students’ sets in their mind that chemistry are considered
irrelevant and less popular compare to other subjects. There is a space between the students' expectation and the
way of teaching. Teachers are afraid to change according to the students’ learning expectation. The learning can
become more meaning full if teacher relates the teaching with the real word phenomena that students’ always
experiences it in their daily life. However teaching chemistry considered has no relevance to the real world and
chemistry curriculum does not give impetus to promote chemical knowledge that is expected by students’
(Holbrook, 2005). Students also building alternative ideas about science topics that can course the
misconception. Teachers need to change an alternative idea of students to the right idea to avoid misconceptions.
Existing information of students would interfere the information given by the teacher and the information
provided will lead to misconceptions of the lesson (Taber, 2009).

Chemistry is a part of science knowledge that always involves teaching problem-solving and give the students’
ability to obtain evidence and assess the evidence to make judgments, decisions or actions. One of the big
challenges in chemistry is a continuous interaction between the two plates of the level of thinking that is
macroscopic and microscopic. This challenge of the chemical interactions led the students’ especially new
students’ think chemistry is a difficult subject to understand. (Bradley, J. D. & Brand, 1985). This information is
supported by a study conducted by Johari (2007) which states that thinking microscopic level refers to the art
world of atoms, molecules and ions that form a basic understanding of chemistry. This will explain the thought
of macroscopic levels through the experience on the observation of an environment either in the laboratory
activities or other activities in daily life. Examples of a macroscopic level of thinking are concerned with the
discoloration and sediment in chemical reactions.

Student Attitudes Toward Chemistry

The meaning of attitude is a tendency to think, feel, or act positively or negatively toward objects of our
environment (Eagly & Chaiken, 1993).The attitude object can be anything, such as chemistry, chemists,
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chemistry lessons, chemistry topics that taught in school, chemical education research, and industrial chemistry
but the focus of this study is to evaluate the students attitude toward chemistry in a normal classroom of a
secondary school. The normal classroom refers to learning theories and doing practical activities in a chemistry
lab (Cheung 2009). The attitude towards chemistry is very important and this attitude will express interest or
feelings towards studying chemistry. Other than that attitude will help to improve student academic performance
and this is an important outcome of a science education in school. This attitude also will play a substantial role in
students life to make a choice to choose the field of their future study. The students’ attitude toward chemistry
also will determine the capacity of human resources in the chemical field. The attitude of the students in learning
chemistry is a complex contract and the negative attitude of students to learn chemistry is due to the teachers'
teaching approaches (Najdi 2009).

National capacity of science and technology can only be achieved when countries have sufficient human
resources for the specified period of time. To achieve that purpose various ways have been used by the
government to create human capital that has self-esteem, values, knowledge, skills, critical thinking and creative
thinking. Attitudes towards science will lead to the creating of good quality of human capital. The quality of
human capital will determine the development of a country. Good quality of human capital is produced from
schools. Students’ quality is depending on anxiety and attitude of subjects that they learn in school. Research
regarding the relationship between anxiety levels with attitude toward the chemistry shows that the anxiety level
of the chemical science students’ is moderately high but attitudes towards chemistry are high. The study also
shows that there is a significant relationship between the level of anxiety and students' attitudes toward
chemistry. This suggests that the high attitudes towards chemistry will reduce the anxiety level of students in
chemistry (Fah 2014). The way of teaching of chemistry plays an important role in determining the attitude of
students towards chemistry. The use of inquiry learning and the use of practical activities can increase students'
positive attitude towards chemistry (Kar & Saleh 2012).

Chemical complexity levels also play an important role in assessing the attitudes of students in chemistry. This
level of complexity is also one of the factors that influence the higher-order thinking skill (HOTS) among
students (Van Houtte et al. 2013). Chemistry content complexity levels is based on curriculum designed. Besides
that, the content and curriculum of chemistry itself have caused students to be negative. The majority of the
negative attitude of students’ towards learning chemistry can be changed if they carry out practical activities in
the laboratory. However, some study shows that the practical work won’t change the students’ attitude towards
chemistry and suggested that those involved in science education need to build a deeper understanding of the
attitudes of students while building a curriculum (Abrahams, 2009).

Gender Differences in Student Attitudes toward Chemistry Lessons

Gender is probably the most significant variable related towards pupils’ attitude to science’(Simon & Collins,
2003) but not many studies done to find the effect of gender to the students’ attitude toward chemistry lesson. In
the study conducted by Salta & Tzougraki (2004) found that no significant differences in attitudes towards
chemistry between boys and girls but the girls showed the high negative attitude towards the level of content
difficulty of chemistry. This is due to social norms of female students believe that the chemistry is not suitable
for them because they think this field is cannot be chosen for their future studies. They think chemistry field is
more suitable to male nature. This information is supported by many chemists and chemistry scientists are male.
Other than that information from books, films, television programs and newspaper showed many men more
prominent in the chemistry. Meta-analysis of the research literature from 1970 to 1990 concluded that more male
students showed a positive attitude in all branches of science than girls. However academically high-
performance girls in study show more positive attitudes compare to academically high-performance of boys
(Weinburgh, 1995).

The study of Lang, Wong, & Fraser, (2005) among 497 tenth grade students from three independent schools in
Singapore also found that high-performance girls in studies were more positive toward chemistry compares to
boys. The study conducted on 437 students using a questionnaire is designed to get the students' perception of
science or scientists, students’ perception on activities outside of school that gives them the experience of
science, students’ perception of the importance of science, and the students’ perception of characteristics of
future works found that boys are more interested in the topic of science related to chemistry, while girls are more
interested in the topics of science related to biology (Jones, Howe, & Rua, 2000). Quasi-experimental studies on
286 ((145 male and 141 female) students from Township schools in Oyo, Oyo State, Nigeria found that boys are
a more positive attitude towards chemistry and show high ability in chemistry research (Adesoji & Raimi, 2004).
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Changes in Student Attitudes toward Chemistry Lessons across Grade Levels

In Malaysia chemistry is taught when students are in form 4 and form 5. Students who choose science stream
when they move from form 3 to form 4, chemistry is one of the subjects that should be taken. The age of
students is in the range of 16 to 18 years old. There are not many studies on attitudes towards chemistry with
changes in the level grade or age. In a study conducted by (Cheung, 2009) over 954 students from grade 4 to
grade 7 of high school students ranging from the ages of 16 to 19 years found that there is a significant change in
attitudes towards chemistry across the grade levels. In addition, there is a significant interaction effect between
grade level and gender on attitudes towards chemistry. This shows that the level of age and grade of students will
influence their attitudes toward chemistry. While the study of Hofstein, Ben-Zvi, Samuel, & Tamir, (1977)
showed that there is a change in attitudes towards chemistry when they progress from grade 11 to grade 12.
These findings show that a positive attitude towards chemistry decrease when student progress from grade 11 to
grade 12. While the study of Menis (1989) showed that a positive attitude towards chemistry students is
increasing as student progress from grade 11 to grade 12 in which the study was conducted on 3460 students
from the USA. Both of these studies showed that is no significant interaction effect between gender and grade
level on the students' attitudes toward chemistry.

The study from sample of 197 Turkey high school students from grade 9 toll shows that grade level had a
significant effect on the attitude toward chemistry as a school subject in terms of enjoyment and importance
dimensions. Data from this study conclude that high school students’ attitude towards chemistry lessons
decreased significantly with increase in grade level (Can & Boz, 2012). Another study of (Belge Can, 2012)
reported that high school students’ attitude towards learning chemistry decreased significantly with increase in
grade level and conclude that Turkey high school students do not achieve the educational objective of
developing positive attitudes toward chemistry lesson.

Purpose of the Study

The purpose of this study was to measure the main effect and interaction effect of gender and grade level on
rural Sarawak, Malaysia indigenous secondary school students’ attitude towards chemistry lesson. This is
following Kah Heng & Karpudewan, (2015) suggestion that research can be conducting involving students from
different states in Malaysia so the outcomes could be generalised.

Methods
Instrument

The instrument used in this study was a questionnaire. The questionnaire that was used is 'Attitude Toward
Chemistry Lessons Scale (ATCLS) developed by (Cheung 2009). This questionnaire was used to observe
samples of indigenous high school students in the state of Sarawak. This questionnaire contained 12 items
related to attitudes toward chemistry. The questionnaire has four subscales that is liking for chemistry theory
lessons (3 items), liking for chemistry laboratory work (3 items), evaluative beliefs about school chemistry (3
items) and behavioral tendencies to learn chemistry (3 items). The 12 items used have been translated into Malay
languages from English. ATCLS was used for studies in Hong Kong and Cronbach’s alpha values of all four
subscales are between 0.76 to 0.86 (Cheung, 2009) and in another studies conducted in Turkey recorded, the
Cronbach’s alpha reliability coefficient of ATCLS is 0.81 (Ayyildiz & Tarhan, 2009) and 0.93 (Belge Can,
2012). The internal consistency of the instrument is relatively high. Due to its high internal consistency it was
decided to use the ATCLS in this study.

This questionnaire is modified to a five-point Likert scales with label scale 1 is strongly disagree, scale 2 is
disagree, scale 3 is partly agree, the scale 4 is agree and scale 5 is strongly agree (Ayyildiz & Tarhan, 2009;
Belge Can, 2012). To facilitate the students, the questionnaire was modified to bilingual that is English and
Malay. Normally the combination of positive and negative items are often used to investigate attitudes to reduce
the effects of acquiescence and bias responses but ATCLS is designed without negatively worded items
(Cheung, 2009). This is because research found that negative item that is changed from positive item will cause a
separate factor that allows measurements inappropriate (Spector, Van Katwyk, Brannick, & Chen, 1997; Burke,
1999; Gotlib & Meyer, 1986; Pilotte & Robert K. Gable, 1990; Miller & T. Anne Cleary, 1993; Schmitt &
Stults, 1985).
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Table 1. Attitude toward chemistry lessons scale
Subscale Number of Item Item
Liking for chemistry theory lessons 3 Q1: I like chemistry more than any other
school subjects.
Q5: Chemistry lessons are interesting
Q9: Chemistry is one of my favorite subjects

Liking for chemistry laboratory 3 Q2: 1 like to do chemistry experiments

work Q6: When | am working in the chemistry lab, |
feel 1 am doing something important
Q10: Doing chemistry experiments in school is

fun
Evaluative beliefs about school 3 Q3: Chemistry is useful for solving everyday
chemistry problems

Q7: People must understand chemistry because
it affects their lives

Q11: Chemistry is one of the most important
subjects for people to study

Behavioral tendencies to learn 3 Q4: 1 am willing to spend more time reading
chemistry chemistry books
Q8: I like trying to solve new problems in
chemistry
Q12: If I had a chance, | would do a project in
chemistry
Sample

Secondary schools in Malaysia starting from grade 1 to grade 5. Students who are in grades 1 to 3 are
categorised as lower secondary while grade 4 and 5 are in the upper secondary. Learning chemistry will only
begin when students are in grades 4 and 5 that is in upper secondary. Students who are in the lower secondary
will study science only. When students enter into grade 4, they were given the opportunity to choose courses
according to their interest. The selection of courses in grade 4 also depends on PMR or PT3 result that was
carried out during the grade 3. Students who choose to go into science courses will take chemistry as one of the
compulsory subjects. Each session of school will start in January and ends in November. Usually, age of students
in upper secondary education is around 16 to 18 years old.

This study was conducted at secondary schools in the district of Simunjan and Serian, state of Sarawak.
Simunjan district has 5 schools while the Serian district has 6 schools. All schools in the area are categorized as
rural schools and most of the students in these schools are indigenous students from Malay, Iban and Bidayuh
ethnic. The students are from a different socio-economic background and different intellectual level. The number
of boys and girls at every grade is almost the same. Chemistry teachers will administer the questionnaire during
the session of classroom instruction. All participation is voluntary and no incentives were offered. A total of 470
students of grade 4 and grade 5 participated in this study. Table 2 show the distribution of students according
gender and grade level.

Table 2. Distribution of students by gender and grade level

Gender Male 177
Female 293
Grade Level Form 4 245
Form5 225
Total Responden (N) 470

Data Analysis

Data were analyzed using SPSS. Type of analysis was used is 'two-way multivariate analysis of variance
(MANOVA) to determine the effect of the interaction between gender and grade level with a score of four
categories surveyed. Two-way MANOVA is suitable because for all 4 categories are positively correlated
(Cheung, 2007). If the two-way MANOVA analysis states a statistically significant relationship between gender
and grade level, then further analysis will be conducted to determine where significant interaction effect was.
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Results and Finding

To identify the reliability of the instrument for this study a pilot test was conducted. The Cronbach’s Alpha value
was compute is 0.86. This value of Cronbach’s Alpha is acceptable and almost same with previous studies
(Ayyildiz & Tarhan, 2009; Belge Can, 2012). The two-way MANOVA results showed that main effect
independent variable gender (Wilks’ lambda = 0.955, F (4, 463) = 5.47, p < 0.001) and main effect independent
variable grade level (Wilks’ lambda = 0.969, F (4, 463) = 3.68, p < 0.05) have a significant effect on attitude
towards learning chemistry. Gender and grade level show no significant interaction effect (Wilks’ lambda =
0.983, F (4, 463) = 2.03, p > 0.05) on secondary school students’ attitudes towards chemistry for combine of all
four dependent variables. Further analysis was performed to identify which subscales of the ATCLS show
significant interactions. Analysis results show that only 1 out of 4 subscale [Evaluative beliefs about school
chemistry F(1, 466) = 13.80, p < 0.001] exhibit significant interaction effect with main effect independent
variable gender. Other dependent variables not exhibit significant effect with gender [Liking for chemistry
theory lesson, F (1,466)=0.38, p > 0.05; Liking for chemistry laboratory , F (1,466) = 0.01, p > 0.05; Behavioral
tendencies to learning chemistry, F(1,466) = 0.76 p > 0.05]. The analysis also show that only one subscale
[Evaluative beliefs about school chemistry, F(1,466)=7.01, p<0.05] exhibit significant interaction effect with
main effect independent variable grade level. Furthermore only 1 dependent variables [Evaluative beliefs about
school chemistry F(1,466)=6.11, p < 0.05] exhibited significant interaction effects between gender and grade
level.

The two-way MANOVA results indicated that subscale ‘Evaluative beliefs about school chemistry’ exhibit
significant effect with gender. The further analysis was done to identify whether the results favored the male or
female students. The mean score value for male is 4.20 and the mean score value for female is 4.41. This
indicate that mean scores for female students are higher compared to their male counterparts in this particular
subscale. Furthermore two-way MANOVA results also indicated that subscale ‘Evaluative beliefs about school
chemistry’ exhibit significant effect with grade level. Further analysis was done and the results show that mean
score for form 4 students is higher compare form 5 students which form 4 mean score is 4.39 and form 5 mean
score is 4.23. Table 3 show the mean score of gender and grade level with 4 subscale of attitude towards
chemistry. Other than that analysis of results also indicated the research population, gender and grade level
contributed 50% of the changes in the dependent variable ‘Evaluative belief about school chemistry ‘ and 11% of
the changes in the dependent variable ‘Liking for chemistry laboratory’. Figure 1 and figure 2 show the changes
in students’ mean score ‘attitudes toward chemistry’ by gender and grade level.

Table 3. Mean score of gender and grade level with four subscales

Dependent Variable Gender  Grade Level Mean Std. Error 95% Confidence Interval
Lower Bound  Upper Bound

N _ Male Form 4 3.943 072 3.801 4.084
Liking for chemistry theory Form 5 3.989 .071 3.850 4.128
lessons Female Form 4 3.911 .053 3.806 4.016
Form 5 3.941 .058 3.827 4.054
N _ Male Form 4 4.437 .064 4.312 4.562
Liking for chemistry Form 5 4.456 .063 4.333 4.578
laboratory work Female Form 4 4.361 .047 4.268 4.453
Form 5 4.519 .051 4.418 4.619
. _ Male Form 4 4.345 .066 4.215 4.474
Evaluative beliefs about Form5 4.044 .065 3.917 4.172
school chemistry Female Form 4 4.418 .049 4.322 4514
Form 5 4.407 .053 4.303 4511
_ _ Male Form 4 3.793 072 3.653 3.934
Behavioral tendencies to learn Form 5 3.744 .070 3.606 3.883
chemistry Female Form 4 3.703 .053 3.598 3.807
Form 5 3.726 .057 3.613 3.839
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Figure 1. Changes in students' attitudes toward chemistry mean score by gender
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Figure 2. Changes in students' attitudes toward chemistry’ mean score by grade levels
Discussions

Attitudes towards chemistry means students like or dislike to learning chemistry. Positive attitudes will help to
improve the students achievements (Salta & Tzougraki, 2004a). Many previous research, result show that
attitude is one of effective component that will influence students’ learning (Kah Heng & Karpudewan, 2015).
Improving students attitude become most important factors in teaching and learning. Various method was used
to improve students attitude in particular subject. For instance, extra instruction and inquiry skills during
experiment in physical lab was successfully improve students’ attitude toward chemistry (Koksal & Berberoglu,
2012). Additionally, in a study conducted on 45 female and 45 male students from three secondary schools in
Minna, Nigeria found learning using computer simulation can change the attitude of students to be motivated to
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learn chemistry (Gambari, 2016). Similarly, this study is made to evaluate the factors that will influences
students’ attitudes toward chemistry. Main focus of this study is to find interaction effects between gender and
grade level on rural area indigenous secondary school students’ attitude towards chemistry.

The two-way MANOVA outcomes can be summarized that is not significant differences were noticed among
two grade levels (form 4 and form 5) for ‘liking for chemistry theory lesson’ subscales of dependent variables.
Any way got slightly decrease in students mean score among grade level for this subscale. Meanwhile mean
score male students (3.97) for subscale ‘Liking for chemistry theory lesson’ is slightly higher compare to female
students mean score (3.93) and mean score increasing trend was noticed with the grade level (form 4 to form 5)
for female and decreasing trend for male. This finding is quite similar with previously studies (Cheung, 2009;
Barnes, Mclnerney, & Marsh, 2005) and these findings also contradict with the finding from Kah Heng &
Karpudewan,( 2015) and Salta & Tzougraki, (2004b) research.

The finding for subscale ‘liking chemistry laboratory work’ got slightly increase in students mean score among
grade level (form 4= 4.40, form 5= 4.49). Mean score male students (4.45) is slightly higher than mean score
female students (4.44) for this particular subscale. Other than that gender never show a significant effect with the
subscale ‘liking chemistry laboratory work’ with the attitude of male more favourable to chemistry laboratory
work. Meanwhile the interest of male students in laboratory work is increase from form 4 (4.44) to form 5 (4.47)
and mean score for female students also is increase from form 4 (4.36) to form 5 (4.52). Increasing trend was
noticed for this subscale with the grade level (form 4 to form 5) for male and female. This finding is quite
different with the study among 312 boys and 185 girls in 18 secondary 4 independent school students from
Singapore which reported that females students preferred to using more laboratory learning environment
compare to male students (Quek, Wong, & Fraser, 2002).

For the subscale of evaluative beliefs about school chemistry, mean score female students (4.41) is higher than
mean score male students (4.20) and also found that, the students mean score of grade level decrease from form
4 (4.39) to form 5 (4.23). Meanwhile male and female students showed more stable and positive attitude towards
chemistry from the perspective of evaluative beliefs which the female students mean score slightly decrease from
form 4 (4.42) to form 5 (4.41) and mean score for male also decrease from form 4 (4.35) to form 5 (4.04). This
finding is similar with the finding of Kah Heng & Karpudewan, (2015). The analysis also show that there is
significant different change in attitude across gender and grade level for subscale evaluative beliefs. This finding
is similar with finding of Can & Boz, (2012) and Belge Can, (2012) where gender and grade level had significant
effects on high school students’ attitudes toward chemistry.

Other than that for subscale behavioural tendencies to learn chemistry, mean score male students (3.78) is higher
than female students (3.71) and the students mean score of grade level is almost same for form 4 and form 5. The
analysis also show that there is no significant different change in attitude across gender and grade level for
behavioural tendencies but mean score for male is decrease from form 4 (3.79) to form 5 (3.74) and for female is
increase from form 4 (3.70) to form 5 (3.73). Male and female for this subscale experienced slightly positive
attitude towards chemistry. This finding also similar and consistent with the finding of Cheung, (2009) were no
significant different in change of attitude across the gender and grade level for behavioural tendencies.

The planning in teaching is important to develop positive attitude toward science subjects. The development of
positive attitude will prepare students to make decisions for the problems in science (Koballa & Crawley, 1985).
The students' achievement for the subjects of chemistry in secondary schools is still at a low level (Edomwonyi-
otu & Avaa, 2011). Learning difficulties and low achievement in chemistry is due to the negative attitude of
students towards the subject (Yunus & Ali, 2013). The attitude of students’ is so much related with teaching
strategies of teacher in classroom (Najdi, 2009). From the data obtained, mean score for male and female is
different for each subscales. Figure 1 show that male mean score is higher than female mean score in 3 subscale
that is liking chemistry theory lesson, liking chemistry laboratory work and behavioural tendencies to learn
chemistry. Meanwhile female mean score is higher than male mean only in one subscale that is evaluative beliefs
about school chemistry. Even though the male students score mean is higher in 3 subscale but the difference is
not significant. It show that the attitude differences among this 3 subscale is very small and no gap between male
and female students’ attitude in learning chemistry in early stage across this 3 subscale compare to subscale
evaluative beliefs about chemistry where there was a gap between male and female with statistically show a
significant different. This outcome suggests that all students generally has same prior attitudes towards
chemistry in early stage of learning and teacher need to plan a teaching strategies according to their attitudes.
Female students more understand that chemistry is useful, affect their lives and important subjects compare to
male students.

Male students liking for chemistry laboratory work is increasing from form 4 to form 5. This may be due to

teacher teaching strategic in grade 4 where by teacher used cookbook style of doing experiment work (Kassim,
2014). This is because teacher assumed that students’ are not familiar with laboratory equipment and
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environment. Meanwhile when students are in grade 5, teacher understand that they become more efficient with
laboratory environment and equipment, so teachers change to inquiry strategic in teaching experiment. Other
than that the experiment presented in textbook are needed the students to follow procedures in a cookbook style
and students do not have opportunities to explore themselves. Normally male students expect a more challenging
nature in learning compare to female students (Kah Heng & Karpudewan, 2015). Male students more active and
show more positive attitude in inquiry base chemistry laboratory work compare to female students (Wolf &
Fraser, 2008).

Female students felt that chemistry is very useful for solving everyday problems. They understand the important
of chemistry in their daily life. Chemistry more important and useful for female across the grade level. This
finding also similar and consistent with the finding of Kah Heng & Karpudewan (2015). Chemistry teacher
should play an important role to reduce the gap between male and female about understanding the important and
usefulness of chemistry. Teacher are suggested using laboratory method to ensure the improvement of the
students attitude towards chemistry (Adesoji & Raimi, 2004). Chemistry teachers should carry out activities
based on gender differences so that every student has an opportunity to change their attitudes towards chemistry.
Female students understand the benefits, uses and importance of chemistry but they still think that chemistry is a
difficult subject. This is because the natural attitude of female students who think that boys are better than girls
in chemistry. This results suggest that teacher should plan lessons based on constructivism theory to improve the
basic concepts of chemistry. Low basic understanding of chemistry will disrupt the attitude of students. A basic
understanding of chemistry is important because chemistry is considered difficult, bored and too abstract subject
(Mohd Nor & Tay, 2010). Teacher at school need to use a variety teaching methods, appropriate teaching
material, better approaches and different pedagogical skills to improve the basic knowledge and attitude of
chemistry within the gender framework. Learning chemistry also must related with our real world to motivate
students to learn chemistry and develop students ability to solve real problem based their knowledge and skills
(Cheung, 2009).

Male students showed a decreased trend in attitude of majoriti subscale from form 4 to form 5 while the female
showed an increased trend in most subscale except subscale evaluative beliefs about school chemistry with very
marginal reduction that is only 0.01. This finding is similar with (Can & Boz, 2012) that have claimed that
female students attitude increased compare to male students in form 4 and form 5. This is probably due the
nature of female students that always put their hard work in study compare male students (Cotton, Joyner,
George, & Cotton, 2015). The hard work in study make their attitude towards chemistry improve when across
the grade. Other than that, this changes also because at end of form 5, students have to sit for public
examinations with the results will determine their further studies in tertiary education (Kah Heng &
Karpudewan, 2015).

Recommendations

The results from this study cannot be generalized because the data was used is cross-sectional and size sample is
too small and other than the above conclusion need to verified with a representative sample using a longitudinal
research design (Cheung, 2009). Further research is recommended to identify the underlying reasons for gender
differences across the grade level in attitude towards chemistry among indigenous rural area student in Sarawak,
Malaysia. Further study also is needed to understand why indigenous rural area male students’ attitude is
decreasing when across a grade level compare to indigenous rural area female students. It is also suggested that
research can be conducted involving indigenous students from the different rural area in Malaysia so that the
outcomes can be generalized.

Conclusion

The aim of this study is to investigate the interaction effects between gender and grade level among rural
indigenous secondary school students’ attitude towards chemistry in Sarawak, Malaysia. The students’ attitudes
were measured using ATCLS survey form with multidimensional questionnaire to provide the interaction effects
between gender and grade levels. For this purpose, the two-way MANOVA statistical analysis was used. This
analysis is more trustworthy compare to other statistical analyses because two-way MANOVA will avoid any
type 1 error in research. This study is comparing the attitude towards chemistry lessons among male and female
students and also find the information about attitude towards chemistry for male and female changes of grade
level from form 4 to form 5.

There was a significant effect between gender and attitude toward chemistry lesson. Mean score from research
was showed that male students have more positive attitude towards chemistry compared to female students in
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majority subscales expect 1 subscale that is evaluative beliefs about school chemistry. Other than that female
students attitude toward chemistry lesson become more positive across grade level from form 4 to form 5
meanwhile male students attitude toward chemistry lesson become less positive across the grade level (Can &
Boz, 2012). The result shows that female students put more hard work to get good result in public examination at
form 5. This will improve their attitude towards chemistry and this outcomes needs further exploration (Cotton
et al., 2015; Kah Heng & Karpudewan, 2015).

Overall the result show that students attitude towards chemistry lesson is positive in the range 3.71 to 4.45 based
on scale 1 to 5. This shows that attitude among indigenous students towards chemistry is positive in line with
nation’s education objectives to reduce the education gap in urban and rural areas. Positive attitude among
students will help Malaysia’s to become develop country in year 2020. The outcomes showed that gender and
grade level will influence the level of chemistry attitude and teachers need to take into account these two factors
in teaching and learning among indigenous rural area students.
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Abstract: This study examines secondary school students’ conceptions about metallic bonding and properties
of metals by using a diagnostic instrument. The diagnostic instrument titled “iron” was designed to test out
student understanding of the basic notion of metallic bonding and the relation between the properties of particles
and bulk properties by Taber (2002). In the present study, a translated version of the true/false diagnostic
instrument which contains 20 questions was administered to 942 students who are attending at 10th grades (374
students), 11th grade (333 students), and 12th grade (235 students) from different secondary schools. At the end
of the study, it was found that the students had the octet rule alternative framework. They apply the full outer
shells explanatory principle to explain metallic structure. It was concluded that students have alternative
conceptions about the relationship between the properties of metal atoms and the properties of the metallic
structure. For example, most of the students think “iron conducts electricity because iron atoms are electrical
conductors” and “the reason iron rusts is that iron atoms will rust if exposed to damp air”.

Keywords: Metallic bonding, secondary school students, metallic properties

Introduction

Understanding chemical bonding and the particulate nature of structures are fundamental to success in chemistry.
Although a number of alternative conceptions related to covalent and ionic bonding have been described in the
literature, there are very few studies investigate students’ understanding metallic bonding. Research has shown
that students have a poor understanding of the bonding in metals and models for metallic structure and bonding
at all level (Coll & Taylor, 2002; Coll & Treagust, 2003; Coll, 2008; Taber, 2003). Cheng and Gilbert (2014)
indicated that the students were unable to visualize the metal structure in a scientific way. Taber (2003)
investigated learners’ mental model for metallic bonding in his interview study and characterized learners’
conceptualizations of metallic bonding. He found that while some of the students did not think the metallic
substance represented would have any bonding, others thought there was some form of interaction in metals, but
this was not proper bonding. In Taber’s study, some of the students suggested there would be ionic or covalent
bonding in metals or metallic bonds existed between two metals. Taber (2003) found that students seemed to
accept the “sea” metaphor uncritically, and to develop images of cations and/or electrons floating, swimming,
etc. in the sea without thinking through the consequences of such a model.

Besides, understanding of chemical bonding needs to understand the particulate nature of matter meaningfully.
On the other hand, students often have considerable difficulty in using atomic/molecular level models of matter
to explain the properties of substances. A review of several studies by Nakhleh (1992) indicates that students’
understanding of the model of matter is relatively limited. The most prevalent student conceptions are that matter
is continuous and that the macroscopic properties of matter may be extrapolated to its particles (Ben-Zvi, Eylon
and Silberstein 1986). Krnel, Watson and Glazar (1998) proposed that students regard particles as small pieces
of an object with all its properties. A similar situation is seen between metallic structures and metal atoms.
Metallic bonding and properties of metals place in the secondary school curriculum of many countries. To
investigate high school students’ conceptions about metallic bonding and properties of metals is important. In
this connection, the research question is the following:
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Do students have alternative conceptions about the relationship between the properties of metal atoms and the
properties of the metallic structure?

Methods
Context of the study

The topic of metallic bonding is placed in 9th grade secondary chemistry curriculum in Turkey. The sea of
electrons metaphor for the metallic bond is used in teaching metallic bonding commonly in 9th grade.

Research Participants

The participants consisted of 942 students who are attending at 10th grades (374 students), 11th grade (333
students), and 12th grade (235 students) from different secondary schools in Balikesir. The sample can be
considered to be representative of the wider population of secondary school students.

Data Collection

In the present study, a translated version of the true/false diagnostic instrument which contains 20 questions was
used. The original English language version of the diagnostic instrument titled “iron” was designed to test out
student understanding of the basic notion of metallic bonding and the relation between the properties of particles
and bulk properties by Taber (2002). The instrument was first translated into Turkish by the author, and was then
checked by an English lecturer.

Data Analysis

The overall facility of the instrument in terms of the percentage of correct responses on each item and across the
instrument was considered. Firstly the number of students selecting the correct response, the number of students
selecting an unambiguous (True or False) response, the number of ‘I do not know’ responses, and the number of
non-responses (no response given for item) were determined for data analysis. After then, the correct responses
as percentage of total number of students completing the instrument was calculated.

To determine the reliability of analysis was used intra-judge reliability which would involve a single judge
scoring at the same test at two different times (Gay and Airasion, 2000, p.176).

Results and Findings

It is seen that the results of the percentage of correct answers to each item in three grades were very close to each
other. It can be seen from the students’ responses to Q1, they know that iron is metal and all metals have a type
of bonding called metallic bonding (90%/78%/89%). Almost half of the students know that the iron atoms are
packed together and the structure is held together by metallic bonding (54%/61%/54%). Taber (2001) has cited
that some of the students find way to understand the metallic bond as a variation on the ionic or covalent case. In
this study it was found that most of the students assumed that metals were molecular (%17/21/18) as seen from
Q17. On the other hand, there are no molecules in a metal. Almost half of the students thought that the atoms in
a metal were held together by ionic bonds. Another important point that most of the students used the full outer
shell/octet stability while explaining the bonding. This was called octet alternative framework by Taber (1998,
1999). According to analysis of second item, it was found that most of the students (24%, 22%, 26%) had octet
alternative framework thinking.

Conclusion
At the end of the study, it was concluded that the students had the octet rule alternative framework and they
applied the full outer shells explanatory principle to explain metallic structure. It was also found that students

had alternative conceptions about the relationship between the properties of metal atoms and the properties of the
metallic structure. For example, most of the students think “iron conducts electricity because iron atoms are
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electrical conductors” and “the reason iron rusts is that iron atoms will rust if exposed to damp air”. Another
important conclusion is that most of the students assume that metals are molecular.

Recommendations

First of all, the students should be presented fundamental conditions of the bond occasion generally taking into
account electrostatic attraction and energy. The main problem about difficulties concerning the bonding is that
students do not make sense why the atoms come together to occur the chemical bonds. It should be avoided the
simple explanations of bonding such as electron sharing or transferring. If different models are used to explain
metallic bonding, why these different models used should be clarified.
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Abstract: At the same time, the fact is obvious that if these capabilities are not peculiar to everyone but only to
some doctors, it becomes an indicator not for mass professional thinking but personal qualities of a definite
person. Broad medical activity, which includes a significant amount of both patients and medical personnel,
frequency of main diseases (socially significant in many respects) and requirements on rendering high quality
medical care demand mass training of clinical thinking. First of all, it is demanded by the training of the
diagnosis recognition process. How is the training performed now? Nowadays, the nosological principle of
training dominates. A student studies one or another disease using textbooks and lectures. Thus, the student
learns symptoms of the given disease in general, without relation to one or another concrete patient. Later at a
lecture, a teacher presents a patient with the disease under study to the group of students, explains specific
symptoms using patient’s example and checks how students acquired the particular nosological form. Thereby
conclusions are made about a young doctor’s ability to recognize diseases and to treat patients who have the
given disease. Both teachers and students are sure that a fund of knowledge about many diseases is formed in
this way and the doctor will be able to do his job professionally by accumulation of this knowledge.

Keywords: Surgery, textbook, students.

Introduction

For the quality of treatment of patients, doctors need to learn and master the stages of diagnosis.
Methods of diagnostics:

Analogy method, which is possible in case of typical (classical) manifestation of a disease (in uncomplicated
external abdominal hernias and acute purulent surgical infection of soft tissues).

Inductive method, which is based on the initial hypothetical generalization with the findings validation.
Substantiated diagnosis, based on the doctor’s mentally synthetically activity, who sequentially analyses all the
present symptoms and verifies their compliance with the disease

Method of differential diagnosis (most reliable), which excludes all signs of other similar diseases.

The most important thing in education is the development of future doctor is method of preliminary diagnosis of
any disease, including surgical.

The previously used textbooks on surgery has been described mainly the clinical manifestations of diseases and
their treatment techniques, without clarifying the principles and preliminary diagnosis capabilities for students.
After medical education the doctors of the general medical practice tasks determinates basic requirements of
scope of knowledge and practical skills for graduating student of institute of higher education of IV level of
accreditation: goal-directed methodic algorithm of questioning of the patient (getting anamnesis), physical
examination, substantiation of provisional diagnosis, determinate algorithm of additional methods of
investigations with analysis of received results, differential diagnosis, forming clinical diagnosis, substantiation
of treatment program and it’s realization.
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In the future the young doctor can work not only the doctor of family medicine, but also the expert of other
directions, for example - the surgeon. For preparation to practical workies application textbook “Surgery” for
students and including information on methods and principles of forming of preliminary diagnosis
(Bereznytskyy, Zakharash, & Mishalov, 2016).

Methods

For education of medical students in textbook “Surgery” including information about methodology of the
forming preliminary diagnosis.

After the thorough questioning and physical examination of the patient the doctor has to make sampling of
pathological symptoms in their both subjective and objective manifestations. Preliminary diagnosis is
substantiated by referring to the complaints of the patient, using their successive presentation, starting with the
most evident ones. Each complaint must include all various subjective shades of the pain manifestation in this
patient (for example, localization of pain, its displacement, intensity, character, irradiation, and ways of the pain
relief). After the sequential referring to each complaint, in order to justify the preliminary diagnosis, the
anamnesis (history) disease and life of patients is used that shows the time when the disease arose, the nature of
its course and the patient’s subjective evaluation of possible factors that led to occurrence of the disease.

Method of physical examination for forming preliminary diagnosis including of special methodic: visual
inspection of body patients, palpation of body patients (abdomen and other parts), percussion of body patients
(chest and abdomen), auscultation of body patients (chest and abdomen) for information about of pathological
manifestation any surgical diseases.

Correctly of results of method questioning and method physical examination may be application for effective
forming of preliminary diagnosis. All stages of the method of forming the preliminary diagnosis are very
detailed in the textbook “Surgery” and allow medical students effectively develop discipline Surgery under
primary diagnosis. To implement the system of planning, monitoring and evaluation of the education quality for
a real degree of assimilation of students with specific components of the program during the academic year of
surgery training and discipline for module “Abdominal surgery” in general based on the cumulative number of
ranking points for the European Credit Transfer System (ECTS) (The European higher education area, 1999;
Magna Charta Universitatum, 1988).

This will improve the quality of learning discipline among the four-six years students of enrolled this year, and
develop common indicators for professionally-oriented exam after 6 year of study to get a general level of
theoretical and practical knowledge and skills of physicians interns of surgery. The Department of Surgery Ne 1
of the Dnipro Medical Academy was conduct structured, multiple planning of the study process and the use of
different forms of the staging control. Taking into account the Standard program of the discipline, Curriculum,
Working program for the department was create the specific actions by teachers, students and interns of surgery
to achieve theoretical and practical knowledge, necessary resources and sequence of technological operations
with the use of credit-modular system.

Thus, the substantial module “Surgical Gastroenterology and Proctology” includes “Syndrome of chronic pain in
the upper region of abdominal cavity”, “Syndrome of mechanical jaundice”, “Syndrome of an acute pain in
perianal area”, “Syndrome of rectal prolepses" and “Diarrheic-inflammatory syndrome”, combining similar
diseases or their complications in the form of so-called educational elements, where, for example, a practice
training for “Syndrome acute pain in perianal region” contains "Acute hemorrhoids”, “Acute anal fissures",
“Acute paraproctitis” and “Inflammation of the epithelial coccygeal passage”.

This approach is appropriate to expediently use the time of practical training, examine patients according to
pathological syndrome, mastering the skills in classes with medical simulators, and perform preliminary and
differential diagnosis with the definition of a rational treatment program.

To support the learning process developed by the principles of credit-modular system using multimedia lectures,

the textbook "Surgery", methodological guide of development for students and interns, methodological guide of
development for teachers, hand book and individual plans for students and interns, journal of the teacher.

Results and Findings

Textbook “Surgery” for medical students including all educational information about methods diagnostic of
surgical diseases, and preliminary diagnosis, in particularly.
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Education of students 4-6 courses of medical university using the proposed textbook increased their interest and
motivation. With this tutorial, students preparation not only clinical manifestations of disease and surgical
techniques and their medicaments therapy.

This tutorial helps students learn different methods and stages of diagnostics of surgical diseases, starting with a
preliminary diagnosis.

Experience of using this textbook “Surgery” and credit-modular system in teaching and measuring knowledge of
surgery since 2016 suggests that this approach is effective. Received results underscore the increased objectivity
in the control of knowledge on the part of teachers' interest and increasing students and medical interns’ interest
to master a subject, that allowed to prepare a general practitioner in surgery and surgeons, and integrate in the
future in practical public health in Ukraine and worldwide.

Conclusion

Given, that the level of qualification of the doctor is in the first place in various gradational systems of
educational societies it’s understood the necessity to improve the quality of the doctor in institutes of higher
education, in which directed implementation of the credit module system to the educational process.

The doctors of the general medical practice tasks determinates basic requirements of scope of knowledge and
practical skills for graduating of student of institute of higher education of IV level of accreditation: goal-
directed methodic algorithm of questioning of the patient (getting complains, anamnesis), physical examination
(visual inspection, palpation, percussion, auscultation), substantiation of provisional diagnosis on the basis of the
revealed syndromes, determinate algorithm of additional methods of investigations with analysis of received
results, differential diagnosis between similar diseases, forming clinical diagnosis taking into account the
International Classification of Diseases in Edition #10, substantiation of treatment program (place of treatment:
home, ambulatory or clinic; time beginning of treatment: urgent or plan; methods of treatment: medicaments or
surgical intervention; rehabilitation and prevention of recurrent after treatment) and its implementation.

Recommendations
New textbook “Surgery” may be used for effective preparation of students and young doctors for forming
preliminary diagnosis, as the first stage of diagnosis of diseases.
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Abstract: The purpose of this study is to develop a valid and reliable instrument for measuring prospective
biology teachers' self-efficacy beliefs about teaching evolution. The research was conducted on a study group
consisted of 212 prospective biology teachers. Content validity was established through review of related
literature and expert opinions. Exploratory Factor Analysis and Confirmatory Factor Analysis are performed in
order to establish the scale's construct validity. The scale's reliability coefficient and item-total correlations are
calculated. Cronbach alpha coefficient of the scale is 0,87. Internal consistency coefficients for the sub-scales
varied between 0,81 and 0,83 and found to be within admissible limits. In light of these results, it could be
argued that the scale is reliable and valid instrument and can be used in identifiying prospective biology
teachers’ self-efficacy beliefs about teaching evolution.

Keywords: Teaching evolution, self-efficacy beliefs, reliability, validity

Introduction

The theory of evolution is one of the best substantiated theories in the history of science, supported by evidence
from a wide variety of scientific disciplines, including paleontology, geology, genetics and developmental
biology. Its role and importance in understanding life on earth have been emphasized many times by important
international scientific communities (National Research Council, 1998). Without a doubt, one of the important
actors in the teaching of the theory of evolution in school science is biology teachers. In order for effective
teaching of the theory, biology teachers should have a substantial content knowledge regarding the theory of
evolution and positive attitudes towards teaching of it in the schools. On the other hand, one of the important
factors influencing effective teaching of the theory of evolution is the self-efficacy beliefs of biology teachers
about the teaching of the theory. Self-efficacy is defined as people's beliefs about their capabilities to produce
designated levels of performance that exercise influence over events that affect their lives (Bandura, 1986, cited
in Senemoglu, 2012). Tschannen- Moran and Woolfolk-Hoy (2001) describe teacher's self-efficacy belief as a
judgment of his or her capabilities to bring about desired outcomes of student engagement and learning. One of
the important features of self-efficacy beliefs is its domain-specific nature (Lin & Tsai, 2013). Therefore, general
trend in the literature has been to develop domain-specific instruments to measure students’ and teachers’ self-
efficacy beliefs in various domains. Considering the importance of the theory of evolution in learning about
biology and life, it is crucial to develop an instrument that measures self-efficacy beliefs of teachers regarding
the teaching of the theory of evolution. To this end, this study reports on the results of the development and
validity study of an instrument which aims to measure prospective biology teachers’ self-efficacy beliefs
regarding teaching the theory of evolution.
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Method

Study was conducted at Marmara University in 2015-2016 academic year. Data was gathered from 212
prospective biology teachers. Participants were seniors who were enrolled in biology education program and
graduate students who were enrolled in teaching certification program at the same university. Having been
completed the subject area courses was the criterion for inclusion in the study. An item pool consisting of 34
statements was prepared and sent to the five experts for consultation about wording and content validity. Items
and content were revised according to five experts’ opinions and recommendation following Lawshe technique
(Lawshe, 1975).

SPSS 20.0 and LISREL 8.80 were used for data analysis. In order to conduct construct validity study,
Exploratory Factor Analysis (EFA) was carried out. Data was examined with Kaiser-Meyer Olkin (KMO)
parameter and the Bartlett sphericity test before the factor analysis. After exploratory factor analysis,
Confirmatory Factor Analysis (CFA) was carried out and the model established in EFA is tested. Cronbach’s
alpha coefficient was calculated for the scale’s reliability.

Results and Discussion

Content validity is examined via Lawshe technique. After receiving feedbacks from five experts, for each item,
Content Validity Ratios (CVR) were calculated, as a result 12 items with negative ratios were eliminated from
the item pool. Content validity index of the scale (CVI) was calculated as well. After the first revision 5-point
Likert type scale with 22 items, 14 positive and 8 negative statements, was attained. In order to study the
construct validity of the scale EFA is conducted. For sampling adequacy the KMO value was found to be .867,
and for normality the Bartlett sphericity test was significant with values of ¥2=955.049 and p<0.01). These
parameters were considered to be appropriate for conducting factor analysis (Field, 2005). A principal
component analysis was used, and the calculations were made by taking the eigenvalue as 1. The criterion was
designated that significant factor loadings should be greater than .45, items with less loadings were eliminated
from the scale. After reviewing the scree plot, two-factor scale with 11 items is identified (Table 1). The total
explained variance is 57.9%, the first factor explains 29.1% of the total variance while the second factor explains
28.8% of the total variance. The factors were named by analyzing the content of items in each factor in light of
the related literature. Accordingly, the first factor was named as “self-efficacy about evolution content
knowledge” and the second factor was named as “self-efficacy about teaching evolution”.

Table 1: Factor structure of self efficacy about evolution teaching scale
Factor loadings after

Common Factor-1  Vvari i
Item No factor _ arimax rotation
. Loading
variance 1 2

4 0,575 0,723 0,675
8 0,512 0,560 0,711
10 0,643 0,657 0,790
12 0,527 0,722 0,567
15 0,611 0,669 0,760
22 0,605 0,729 0,708

Explained variance % 29.1

Factor 1 Cronbach alpha 0.83
3 0,508 0,627 0,682
6 0,535 0,632 0,706
7 0,612 0,723 0,721
11 0,546 0,607 0,726
13 0,704 0,698 0,822

Explained variance % 28.8

Factor 2 Cronbach alpha 0.81

Total variance explained % 57.9

Cronbach alpha of the scale 0.87

Using LISREL 8.80, CFA was carried out in order to test the validity of the two-factor structure of the scale
(Table 2). The relationships between the factors’ items are as follows; item-factor loadings for “self-efficacy
about evolution content knowledge” vary between .57 < A < .71; item-factor loadings for “self-efficacy about
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teaching evolution” vary between .62 < A < .77. Additionally, the general adaptability parameters for the model
are x*/sd = 3.14, CFI = .95, NFI = .93, RMR=.061; RMSEA = .80; SRMR =.061; TLI =.93.

Table 2: Self efficacy about teaching evolution fit indices from CFA

Fit indices from

Fit indices Perfect fit values Acceptable fit values CEA Result
v 2 /sd 0<y2/sd<2 2<y2/sd<5 3.14 Acceptable
CFI 95 <CFI<1.00 90 <CFI<.95 .95 Perfect
NFI 0.95<NFI<1.00 0.90<NFI<0.95 .93 Acceptable
RMR .00 <RMR <.05 .05<RMR <.10 .061 Acceptable
RMSEA .00 <RMSEA <.05 .05 <RMSEA <.08 .80 Acceptable
SRMR .00 <RMR <.05 .05<RMR <.10 .061 Acceptable
TLI (NNFI) .95 <TLI<1.00 90 <TLI< .95 .93 Acceptable
(Kline, 2011)
M2
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Figure 1: Pathway and factor loadings

The obtained indices confirm that model fit is acceptable. The scale's reliability coefficient and item-total
correlations are calculated. Cronbach alpha coefficient of the scale is .87. Internal consistency coefficients for
the sub-scales varied between .81 and .83 and found to be within admissible limits. In light of these results, it
could be argued that the scale is reliable and valid instrument and can be used in identifying prospective biology
teachers’ self-efficacy beliefs about teaching evolution.
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Abstract: This research study aimed to compare students’ conceptual knowledge and attitudes towards physics
lesson who were separately taught with three different methods. The main research question was as follows: Are
there significance differences among technology supported teaching, laboratory-based teaching, and curriculum-
based teaching in terms of students’ learning and attitudes? True experimental design was carried out for this
research. The participants of this study were 144 9" grade students studying in an all-boys state high school. The
students who were in the technology supported classroom constituted the first experimental group while the
students in the laboratory based classroom comprised the second experimental group. There was also one control
group whose students were taught based on the curriculum. Each group had 48 students. The teacher of three
groups was the same. Data were collected in the physics lessons. The students’ conceptual learning was assessed
with the help of "Force and Motion Achievement Test". This test was applied before and after the treatment with
an eight-week time difference. In order to determine any change in the students’ attitudes towards physics
lesson, "Physics Lesson Attitude Scale" was used. Effect sizes were calculated for the changes in students’
knowledge and attitudes. Findings showed significant differences between the experimental groups and control
group. In other words, when technology or laboratory approach was embedded in the instruction, the students
became better learners and their attitudes increased. Results also presented no significant differences between the
experimental groups.

Keywords: Learning, attitude, technology, laboratory, science.

Introduction and Purpose of the Research

Each passing day we encounter a new technological development and the use of technology has become an
indispensable habit for people. Researchers have stressed the importance of effective use of technology in
science teaching and learning because through the use of technology, students' scientific investigations and
reasoning can be constructively developed and help students connect constructed knowledge to practical work
(McFarlane & Sakellariou, 2002). Technology simultaneously ushers the tasks of creating, evaluating, analyzing,
and applying through collaboration into the classroom while generating greater enthusiasm for learning (Cicconi,
2014), which is related to attitude. Ranging from drawings on a blackboard or interactive multimedia simulations
to etchings on a clay tablet or Web-based hypertexts to the pump metaphor of the heart or the computer
metaphor of the brain, technologies have constrained and afforded a range of representations, analogies,
examples, explanations, and demonstrations that can help make subject matter more accessible to the learner
(Koehler & Mishra, 2006).

Improving learning experiences for all students is the ultimate goal of research in technology use in education;
however, there is well-placed concern that even when good technologies are available, they are not being used to
their full potential to support students’ learning (Forssell, 2011). Therefore, research has focused on the impact
of using technology on students’ cognitive and affective skills. Marty (1985), for example, investigated the
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effects of interaction with computerized simulation game on high school students’ achievement and attitudes.
Analysis revealed a significant difference in change of class means on achievement favoring use of the computer
game and very little difference in the change of class means on attitudes. Grimm (1995) examined the effect of
technology rich educational environments on student academic achievement and attitude by comparing type of
school (technology-rich school (TRS) and traditional school (TS)). The overall findings indicated that TRS
environments contributed to increased academic achievement of 4"-grade, 6™-grade, and I1™-grade students and
contributed to students’ overall attitude for 6™-grade and 1I™-grade students. Jimoyiannis and Komis (2001)
investigated the effect of using computer simulations in learning of speed and acceleration concepts. At the end
of the application, the experiment group in which the simulations were used among the students was found to be
more successful academically. Saka and Yilmaz (2005) aimed to develop instructional materials based on
computer-aided study sheets and to determine the effect on the achievement level of the concepts that students
have difficulty in understanding about electrostatics in the 9th grade physics course. Results indicated that study
sheets for computer-aided physics teaching had an efficacious effect in teaching the electrostatic concepts.
Additionally, students stated that they liked physics but they had difficulty in understanding some of the topics in
abstract concepts in physics. They said that the prepared material was interesting, practical and easy to use.

On the other hand, hands-on approach in science education provides the student with engaging activities during
the learning process and allows students to fully participate in the learning process because students should learn
science by experiencing it (Wiggins, 2006). Research implies that use of the laboratory and hands-on activities
are effective instructional techniques to increase achievement in science knowledge and when properly designed,
they can influence attitudes toward science in a positive way (Freedman, 1995).

Some research investigated the benefits of laboratory instruction on students’ attitudes towards science. For
instance, Norton (1985) compared college students in the experimental group who were told to work
independently and did not get any instructional help with the students in the control group who continued with
step-by-step verification laboratory exercises, working in pairs with direct supervision and instruction. Results
indicated that the treatment of the independent laboratory investigation did not have a significantly different
effect on the dependent measures of critical thinking ability and/or scientific attitude when compared to the
effect of the performance of verification laboratory exercises by a control group. Freedman (1997) investigated
the use of a hands-on laboratory program as a means of improving student attitude toward science and increasing
student achievement levels in science knowledge. It was concluded that laboratory instruction influenced, in a
positive direction, the students’ attitudes toward science, and influenced their achievement in science knowledge.
Demirtas-Yilmaz (2014) examined 30 studies regarding the achievement of students compared to the traditional
and laboratory based methods in science education in Turkey between 2000 and 2012 by using meta-analysis.
Results showed that the laboratory based teaching method was much more effective in increasing the academic
achievement of the students than the traditional teaching method.

Some research compared the impact of technology with effects of laboratory on learning (Akpan, 2002; Bozkurt
& Sarikoc, 2008; Coramik, 2012; Darrah et al., 2014; Finkelstein et al., 2005; Zacharia & Anderson, 2003).
Akpan (2002) revealed that teaching with simulation support was as effective as teaching with real laboratory
experiments in his work on anatomy and organisms with high school students. He suggested that simulations
might be an alternative to real laboratory experiments. The work of Bozkurt and Sarikoc (2008) was carried out
with university students where the concept of circuit in alternating current was studied. For the study, a virtual
lab group using computer simulations and a traditional lab group using real experimental materials were created.
At the end, the virtual laboratory group was found to be quite successful compared to the traditional laboratory
group. Finally, Coramik (2012) explored the outcomes of using computers and experiment-assisted activities in
the teaching of the magnetism unit in the 11th grade physics course to the students' academic achievement and
attitudes towards the physics course. It was seen that the academic achievement and attitudes scores of the
students in the experiment-supported teaching group were higher than the scores of the students in the computer-
assisted teaching group.

Results of the studies can change based on the subject, discipline and how the technology and laboratory
activities are implemented. More research is needed to compare using technology with laboratory usage in terms
of students’ learning and attitudes. Hence, the following research question put a light on this research: Are there
significance differences among technology supported teaching, laboratory-based teaching, and curriculum-based
teaching in terms of students’ learning of dynamics and their attitudes towards physics lesson.

Methodology
True experimental design was used for this research (Krathwohl, 1997). There were two experimental groups

and one control group. The first experimental group was instructed with technology supported teaching and the
second experimental group was instructed with laboratory based teaching. The control group followed the
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curriculum and was exposed to curriculum based teaching. The participants of the study were 144 9th grade male
students. Each group had 48 students. The research was conducted in a physics class in an all-boys state high
school. The teacher of all groups was the same person. The students were taking the class two hours a week. The
instruction continued in the dynamics unit and lasted 8 weeks. Simulations, video recordings, smart board,
tablets and z-book were used as the technology in the first experimental group. The second experimental group
did hands on science by using experiment sets.

Quantitative research methods were used to collect data. In order to measure the changes in the participants’
learning of dynamics, Force and Motion Achievement Instrument developed by Gokalp (2011) was administered
as pre-test and post-test. The instrument had 30 questions including 16 multiple-choice, 12 open-ended, and 2
true-false questions. The scoring was between 0-54. The students’ attitudes towards physics class were assessed
by applying Physics Class Attitude Scale developed by Geban et al. (1994) before and after the treatment. This
instrument consisted of 15 items with 5-point Likert scale. The scoring was between 15-75. Descriptive statistics
and t-tests were performed to analyze the data. Effect sizes were calculated for the changes in the groups.
Reliability measurements were made with the help of Cronbach alpha test.

Results and Discussion
Results for Learning

With regard to Force and Motion Achievement Test, Cronbach Alpha value for the pre-test was found as .40
whereas this value was calculated as .67 for the post-test. Due to the fact that this instrument measured student
learning, the low reliability can be expected for the first application where the students were not familiar with the
concepts asked in the instrument. To better identify which approach had the most positive effect on the students
learning, the groups’ pre-tests and post-tests were compared with each other by implementing independent t-
tests. No significant differences were found among the groups’ pre-test results considering learning. However,
significance differences were found between the post-tests of the technology group and curriculum-based group
as well as between the laboratory group and curriculum group as presented in Table 1. The mean value of the
technology group (x = 27.56) was significantly higher than the mean value of the curriculum-based group (x =
20.13, p = 0.00). Similarly, the laboratory group’s mean value (X = 27.20) was significantly higher than the
curriculum-based group’s mean value (x = 20.13, p = 0.00). The effect size between the technology and
curriculum based groups was .58 and the effect size between the laboratory and curriculum based groups was
.61. These values were not found to exceed Cohen’s (1988) convention for a large effect (d = .80) but they were
in medium level. In addition, there was not any significant difference between the post-tests of the technology
group and laboratory group.

Table 1. Independent t-test results of the groups’ post-tests regarding learning

Groups n x Ss t sd p
Technology 45 27.56 5.81

Laboratory 44 27.20 4.81 .310 87 757
Total 89

Technology 45 27.56 5.81

Curriculum-based 39 20.13 4.38 6.537 82 .000
Total 84

Laboratory 44 27.20 4.81

Curriculum-based 39 20.13 4.38 6.979 81 .000
Total 83

Findings indicated that the students in all groups improved their learning of dynamics concepts after the
instruction; however, the increase in the curriculum-based group was less than the increase in technology and
laboratory groups. Although high school physics curriculum has been revised recently, it needs to support more
activities based on technology and laboratory.

Technology group developed more knowledge than the curriculum based group. This result is consistent with the
results presented by Jimoyiannis & Komis (2001). Laboratory group performed more learning progression than
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the curriculum based group. This finding is in line with the results that emerged from the research by Freedman
(1997) and Wiggins, (2006). At the end of the instruction, there was not any significant difference in the
students’ learning who studied either in the technology group or in the laboratory group. This result supports
what Akpan (2002) and Darrah et al. (2014) found in their research.

Results for Attitudes

The application of Physics Class Attitude Scale had high reliability where Cronbach Alpha value for the pre-test
was .90 and it was .93 for the post-test. No significant differences were found among the groups’ pre-test results
when the attitude took into account. Nonetheless, significance differences were found between the post-tests of
the technology group and curriculum-based group as well as between the laboratory group and curriculum group
as presented in Table 2. The mean value of the technology group (x = 54.72) was significantly higher than the
mean value of the curriculum-based group (x = 45.38, p = 0.02). Likewise, the laboratory group’s mean value (X
= 56.45) was significantly higher than the curriculum-based group’s mean value (X = 45.38, p = 0.00). The effect
size between the technology and curriculum based groups was .35 and the effect size between the laboratory and
curriculum based groups was .42. In addition, there was not any significant difference between the post-tests of
the technology group and laboratory group. When the students involved with more activities including
technology and laboratory, their attitudes towards physics class enhanced.

Table 2. Independent t-test results of the groups’ post-tests regarding attitudes

Groups n x SS t sd p
Technology 43 54.72 8.57

Laboratory 47 56.45 7.80 -1.000 88 .320
Total 90

Technology 43 54.72 8.57

Curriculum-based 37 45.38 15.10 3.331 55.090 .002
Total 80

Laboratory 47 56.45 7.80

Curriculum-based 37 45.38 15.10 4.054 50.975 .000
Total 84

Technology group developed more attitude towards physics class than the curriculum based group. This result is
consistent with the results presented by Marty (1985) and Grimm (1995). Laboratory group performed more
progression in their attitudes than the curriculum based group. This finding is in line with the results that
emerged from the research by Freedman (1997).

Attitude change takes time and needs having experiences. Since there was not any change in terms of instruction
in the curriculum-based group, any change in attitudes of the students’ in curriculum-based group was not
expected. Since the participants were ninth grade students and studied physics discipline for the first time, eight-
week duration was enough for the students in the technology and laboratory groups to change their attitudes.

Conclusions and Suggestions

Two conclusions can be drawn from the study. First, when students are given a chance to engage with
technology and laboratory environments, they reach higher level of scientific understanding and tend to develop
more positive attitudes toward physics class. And second, there is no difference between the technology
supported instruction and laboratory based instruction in terms of their impact on students’ learning of dynamics
concepts and attitude towards physics class.

According to the results of the research, the following suggestions can be made for the instructors:

a) Technology would be used during the instruction where there is a lack of laboratory materials or in
situations where experiments cannot be conducted in the school environment to facilitate learning and
attitude.

b) Students should be taught how to use technology for the right purposes at the right time.
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Abstract: Teaching modules and programming of a microcontroller through experiments is a very efficient
method. Microcontroller programming usually also requires practical electronics knowledge. Variable analog
voltage outputs are usually not available in common microcontrollers, but this type of signal is required for many
applications. This experiment is proposed to teach digital to analog voltage conversion (DAC) using pulse width
modulation (PWM) by a microcontroller. In the experimental procedure students should generate the PWM
signal, develop digital to analog voltage regulator circuit, design a ripple filter, review the experimental results
and answer the questions. Students are expected to observe and interpret the code writing, the digital to analog
converter and ripple filter effect. This paper describes, the experimental procedure, the materials and methods
used in the experiment and the main theoretical concepts, and determine the evaluation methods for the benefits
of the experiment. This experiment will be applied to biomedical engineering undergraduates. Their
performances will be evaluated through surrey questions and their grades.

Keywords: Digital to analog conversion, pulse width modulation, microcontroller, ripple filter, laboratory
experiment.

Introduction

A microcontroller is a chip that combines all the components of a microprocessor-based system with an
integrated circuit. Microcontrollers are used as digital to analog to converter and analog to digital converter.
Although analog to digital conversion (ADC) applications are very common, digital to analog conversion (DAC)
applications are not so common but DAC is used in driving various electronic devices, sensor circuits and LED
driving circuits. The aim of this experiment is to teach and let practice the students; generation of PWM signal,
filter design and the regulation process of DAC.

In Baskent University, Biomedical Engineering undergraduates take electronic circuit design and programming
lessons until the third grade. Microcontroller courses are thought to third-year students and it is continuation of
theoretical and practical knowledge of the programming courses and circuit design courses which they took
before. This experiment was prepared because theoretical knowledge would be more effective if supported by
laboratory studies(Gibbins & Perkin, n.d.). This study concerns an implementation of DAC for Microcontroller
Course.

This experiment aims to teach PWM signal generation, digital analog conversion and filter design in the
direction of programming and electronic information that the student learns. The student is expected to generate
the PWM signal by a microcontroller, convert this signal to analog using a filter, and design the required ripple
filter circuit. Combining microcontroller programming with analog circuit design is expected to improve
student’s expertise and motivation.
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In literature, there exist several laboratory experiments that involve the design and the programming of
microcontroller. Dias et all(de A Dias, da Silva, Kitani, Lagana, & Justo, 2016) describe an undergraduate course
to teach microcontroller using automotive electronic systems. The course aims to improve students' hardware
knowledge and software programming skills. Authors report that increasing complexity of laboratory projects
make students more independent and develop their skills in project management and system integration.
Nurnberg et all (Niirnberg, Beuth, Becker, & Puente Leon, 2016) designed a laboratory course on
microcontroller programming by processing digital signal. The aim of this course, to gain a perspective on
information technology and to prepare students for more complex exercises in their later work. The students
gained experiences in programming the microcontroller by solving simple tasks.

Ajao et all (Ajao, Olaniyi, Kolo, & Ajao, 2015) aim to solve the problems of developing students' understanding
and skills in embedded system design by using microcontroller with applied laboratory experiments. According
to this paper, this design has better conveniences over other similar works and it will lead students to build
different simple systems with complex hardware circuit for research applications and industrial works.

This article explains the experiment plan and it gives the theoretical information about the components of the
experiment set up. At first, it is explained how to generate PWM signal by using microcontroller. Then, technical
information was given about the required filter designs and the signal values converted to digital were shown on
the liquid crystal display (LCD). The success of the student on the experiment will be evaluated in three parts:
preliminary work, experiment performance of the student and report. The impact of the experiment on student’s
motivation and understanding will be interpreted by survey questions to be asked before and after the
experiment.

Materials and Methods
Pulse Width Modulation (PWM)

PWM is a technique for obtaining the analog signal desired to be produced at the output by controlling the
widths of the pulses. The application of PWM technology is becoming increasingly widespread. PWM method is
widely used in areas such as switching Mode power supplies, telecommunication, PIC applications and power
circuits. In this experiment, the PWM signal generated by the microcontroller is used as digital data. When
PWM signal is generated, two components are considered: duty cycle and frequency.

The duty cycle determines the ratio of time while the PWM signal is high to the period of the signal. Frequency
is simple the frequency of the signal.
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Figure 1. Duty cycle examples
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In the experiment, PIC Clicker was used as microcontroller demo board for PWM generation. PIC clicker is a
compact starter development kit. The duty cycle and the frequency of the PWM signal generated by the PIC
clicker are adjusted through the code written by a microcontroller program According to the code, the duty cycle
is increased or decreased depending on whether or not the buttons on the microcontroller are pressed.

INITIALIZATION
GENERATE INCREASE THE
PWM SIGNAL RATE OF DUTY J/
CYCLE
DISPLAY ON
NO LCD
DECREASE THE T\
RATE OF DUTY
CYCLE

Figure 2. Microcontroller diagram

Low-pass and Ripple Filter Design

An electrical filter is a circuit that can be designed to reshape or reject all undesired frequencies of an electrical
signal to transmit signals sought by the circuit designer. In this experiment design a low pass filter and a ripple
filter were used .The low pass filter consisting of diode, capacitor and internal resistance of the system is used to
find the DC signal corresponding to the PWM signal generated by the microcontroller. In this way, high
frequency signals are blocked while low frequency signals pass. The signal obtained by suppressing the high
frequency signals becomes smoother. When the PWM signal we have produced is high, the capacitor is charged.
We used the diode to prevent the capacitor from discharging when the signal is low. Ripples are observed in the
PWM signal passing through the low-pass filter. A ripple filter designed with using inductance and capacitor.
And the ripple filter is used to eliminate these fluctuations.

PWM_Generator D1 L1

] > o

c1 Cc2

Figure 3. Filter circuits

Digital to Analog Conversion

Digital information such as 1 and 0 is referred to as digital analog conversions in circuits or integrated circuits
that produce currents or voltages at different values according to the change in input values at the input and
output, and this conversion is also called digital to analog conversion.
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DIGITAL TO
ANALOG
CONVERSION

Digital Signal Analog Signal
Figure 4. Digital to analog conversion

In this experiment, a microcontroller generates digital signals using pulse width modulation (PWM). The PWM
signal produced to convert to analog signal has two important components; duty cycle and frequency. There is a
direct proportion between the output voltage and the duty cycle. The output voltage is controlled by changing the
duty cycle in the experimental setup. The PWM signals whose duty cycle was changed were observed with an
oscilloscope.
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Figure 5. Image of PWM signal with 12.5% duty cycle
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Figure 6. Experiment design block diagram

The students use the microcontroller to generate the PWM signal. First of all, students use the MicroC program
to write the microcontroller code to be used in generating the appropriate PWM signal. When writing the code,
the student is expected to know how to start the PWM module in the PIC Clicker demo board, set up the correct
pin connections and adjust the duty cycle and make the LCD connections to display duty cycle.

After generating the PWM signal, students design the circuit that will make the necessary adjustments that will
convert this signal to digital. They set up a low-pass filter circuit using a diode and a capacitor. This filter blocks
the passage of high frequencies in the signal and makes the signal smoother. But this correction is not enough to
create a complete digital signal. They set up a ripple filter circuit using an inductance and a capacitor to
eliminate the ripples observed on the signal. In this way, a nearly flat digital signal is obtained. After that digital
to analog conversion is completed. They observe the filter output through an oscilloscope and record their
observations.
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Figure 8. Effect of low-pass filter on PWM signal
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Figure 9. Effect of ripple filter on PWM signal
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Figure 10. Expeiment design

Evaluation Method

Questionnaires which will be applied before and after the experiment and grades will be used to evaluate the
performance of the experiment. Similar studies related to the subject have been reviewed and questions in
Table.1 and Table.2 are defined.(Chen et al., 2016) (Ibrahim, 2015)(Subudhi, 2016)

Table 1. Survey questions applied before the experiment

Questions On ascale of 1 to 5 rate: (1=very poor, 2=poor, 3=satisfactory, 4=strong, 5=very strong)

Q1 Do laboratories increase your motivation about biomedical engineering?

Q2 What are the difficulty levels of laboratories?

Q3 Do you think the laboratories help you to improve your theoretical knowledge?
Q4 Are you having trouble designing in experiments?

Q5 Do you think laboratories are complementary to the course content?

Table 2. Survey questions applied after the experiment

Questions On ascale of 1 to 5 rate: (1=very poor, 2=poor, 3=satisfactory, 4=strong, 5=very strong)

Q1 Did this laboratory increase your motivation about biomedical engineering?

Q2 What is the difficulty level of this laboratory?

Q3 Do you think this laboratory helped you to improve your theoretical knowledge?
Q4 Did you have trouble designing in experiments?

Q5 Do you think this laboratory is complementary to the course content?

The students' laboratory success will be graded according to the preliminary work, performance during the
experiment and the report they delivered at the end of the experiment.(Ogrutan & Aciu, 2017) The papers
prepared for the preliminary work contain the theoretical information required for the experiment and the study
questions related to the subject for the student. The performance of the students during the experiment is
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assessed by the course teachers and their assistants. The report that students record observations at the time of
experiment and write their inferences is graded at the end of the experiment.

Conclusion

Laboratory works including electronics design could be tough for the students. For Biomedical Engineering
students it is even tougher because they should both use electronics and medical concepts. Laboratory design
experiments are mandatory because they should practice theoretical knowledge. Since design is hard, general
trend for students is to memorize and save the day.

In this study we offer a well-planned experiment in order to motivate students to make a design and test it. Our
aim is to teach to students that generation of PWM signal, filter design, regulation process of DAC,
programming microcontroller. The experiment described in this article is designed for biomedical engineering
students in the third year for microcontroller laboratory at Baskent University. During the design process,
students are taught how to produce the PWM signal used in many electronic applications, design the necessary
filters, and program microcontrollers. The experiment design has a microcontroller for generating PWM, a low
pass filter and ripple filter to regulate the generated signal, and an LCD to display the determined duty cycle.

Literature was searched for this experiment which was prepared to increase the motivation of the students and
their interest in lessons. And the experiment was planned considering of researches made. Experiment will be
evaluated according to the methods described in the paper.
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Abstract: This article describes a laboratory experiment to teach phototransistor and LED driver circuits and
analog to digital conversion using a microcontroller through a turbidimeter design for biomedical engineering
undergraduates. Teaching electrical circuits and concepts using a real design helps students to use the theoretical
knowledge practically and apply it. This type of real application motivates students. The purpose of this design is
to drive an LED by BJT transistor and to get a voltage value related to the absorbed light from the LED by
phototransistor and to convert the voltage signal of the absorbed light into digital by using microcontroller. The
test of turbidimeter in the experiment is applied by measuring the added soil to water in cuvettes. In this paper,
similar experiments are reviewed, the experimental procedures are explained, the methods for evaluation the
success of the experiment are determined. As a further work experiment will be applied to biomedical
engineering undergraduates and evaluation of their success and motivation will be reviewed.

Keywords: Turbidimeter, transistor, microcontroller, laboratory experiment.

Introduction

Student motivation is an important influence on learning. Working with practical application can increase the
motivation and enthusiasm of the students according to the results observed in laboratory studies. This laboratory
experiment aims to increase the motivation of students by designing an electronic measurement device name
Turbidimeter that can be used in biomedical applications.

In Bagkent University Biomedical Engineering Department, Biomedical Engineering undergraduates take circuit
theory, electromagnetics, electronics and digital logic lessons until the third grade. In the curriculum for
biomedical engineering, Medical Electronics and microcontroller courses are thought to third-year students and
those courses are a combination of theoretical and practical knowledge of the other courses which they took.
This study concerns a Turbidimeter design laboratory experiment for Medical Electronic Course.

The experiment aims to test the student's knowledge about light emitting diode (LED) driving circuits, transistor
and phototransistor circuits, microcontroller programming. During the experiment, the student, sets up the BJT
controlled Infrared LED driver circuit, obtains a voltage value for the light absorbed from the LED by a
phototransistor, and converts this voltage value from analog to digital using microcontroller.

There are several similar laboratory experiments reported in the literature. Dogan (Ibrahim, 2015), designed and
report a laboratory experiment of a low-cost educational liquid-level sensor circuit. The author report a survey
that was conducted among 15 students completing the laboratory experiment where students were asked to
comment on the system and most of the students (80%) had good results and found the experiment very
informative.
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Chen, et. all (Chen et al., 2016) describe the development of a home-assembled, low-cost blue light-emitting
diode (LED) photometer. This photometer measure the contents of substances in biochemical samples such as
protein, amino acids. It can enable students to develop well-rounded professional knowledge and skill in bio
detection electronics. According to this paper, this photometer is cheaper than existing systems. It has significant
advantages and ease of use.

Kim et. all (Kim & Schubert, 2015) explored a simple laboratory exercise that would allow students to determine
transistor model. In the experiment, the aim is to carry out a meaningful laboratory study on the amplifier
frequency response to find the actual capacitor values. The course teachers evaluated whether this experiment
increased student knowledge about modeling high-frequency transistors.

This paper describes the laboratory experiment plan and the theoretical knowledge that it requires. In the first
section the turbidimeter is explained. Than in the materials and methods section theoretical information of circuit
elements, microcontroller setup is described step by step. In the evaluation methods section, the experiment
performed by the student and the success of the experiment on the student education will be evaluated according
to the pre-determined survey questions.

Turbidimeter

Turbidity is the cloudiness of a fluid medium. Turbidimetry is the measurement method by measuring the
absorbed light passing through the sample where the particle is located. Turbidimeter is a device that measures
turbidity. Most turbidimeters have a cuvette to hold the fluid, a light source directed to the cuvette, and one or
more photo detectors to measure light passing through the fluid. Turbidimeter can be used in microbiology
analyzers and coagulation analyzers. It is also used to determine the protein content in biological fluids such as
urine and body fluids. (Duggal, 2007)
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Figure 1. Turbidimeter diagram

Material and Methods

LED Driver Circuit

In the LED driver circuits (Figure 1), the received electrical signals are transformed to light. The light emitter is
a 5mm Infrared LED (Everlight, IR533C) with peak wavelength of 940 nm. Its spectral bandwidth is 45 nm

(Free & Diode, n.d.). One of the main components of the LED driver circuit is the transistor.

The transistor is an NPN Silicon amplifier transistor (On Semiconductor, BC337) with maximum collector
current of 800 mA (Ratings, Characteristics, & Diagram, 2013).

The infrared light emitter is driven by the collector current of the transistor. The collector current value is

controlled by a variable resistor and the current passing through the LED is changed according to that. This
change affects the brightness of the LED.
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LED driver circuit is used as variable intensity light source for Turdimeter design.

Radiant
Intensity(mW/sr)

Phototransistor Circuit

Phototransistor uses light rather than electricity to control an electrical current to flow from its collector to
emitter. Silicon NPN Phototransistor (Siemens, SFH303-FA) operates at wavelengths between 450 nm and 880
nm (Merkmale & Group, n.d.). This working range is suitable for the wavelength range of the LED used in the
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Figure 2. The LED driver circuit
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Figure 4, Phototransistor circuit

experiment. The light from the LED is received by the phototransistor and converted into base current. The

current flow from collector of phototransistor is proportional to the absorbed light. By using a resistor on the

collector input of phototransistor the current change can be monitored as a voltage value as shown in Fig 3.
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Microcontroller Circuit

In order to display the measured light intensity a turbidimeter should have a display. In the designed
experimented a microcontroller demo board with a built in Liquid Crystal Display (LCD) is used for monitoring
the output voltage of phototransistor circuit. Microcontroller is an element that combines all parts of a
microprocessor based system into a single integrated circuit. In this experimental setup, a microcontroller with
an A/D is used to convert received analog voltage value to digital. Voltage values converted from analog to
digital by the microcontroller are displayed using LCD.

CONVERT
v /: THE | | pispray | .
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Figure 5. Microcontroller diagram

The output voltage of phototransistor circuit is an analog value. This value should be converted to digital to be
displayed on LCD. To apply this conversion to ADC channels of PIC Clicker was used. The PIC Clicker which
be used in the experimental design has 12-bit ADC. It has been shown how the ADC unit apply this conversion
in Fig.4 With the A-D control register ADCONL1, which ports and bits are to be used as analog inputs, is
selected. The analog input channel (ANO, AN, etc.) is also selected with channel control register ADCONO.
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Figure 6. Analog digital converter (ADC) algorithm

Experiment Design

First of all, the student sets up the led driver circuit with the BJT transistor, changes the current through the LED
by controlling the variable resistor in the circuit and records the result. Then establishes a circuit with the
phototransistor to receive the light that the Led has been emitting and measures the voltage value of the
phototransistor from the collector. This value, which is measured without putting a sample with particle between
LED and phototransistor, is accepted as default. The student makes a comparison between the other
measurements taking into account this value. The student uses water samples with different levels of particles
prepared in advance to observe the working principle of the turbidimeter. Five different levels of water samples
with soil are prepared by students. The five levels at which the measured voltage variation on the phototransistor
is best observed are provided by 50 mg to 250 mg of soil. The student records the measured voltage values by
placing the samples at each level between the LED and the phototransistor.
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In the next step of the experiment, the student converts the voltage values measured from the collector into
digital with the microcontroller and displays on the LCD. To be able to do this process, the student must
program the microcontroller. At the end of the experiment, the students are expected to fill in a report in the
direction of their observations.
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Figure 7. Experiment design

Evaluation Method

In order to evaluate the performance of the experiment, survey before and after experiment and grading will be
used.(Subudhi, 2016) For the survey questions, similar applications are reviewed and questions in Table.1 and
Table.2 defined.(de A Dias, da Silva, Kitani, Lagana, & Justo, 2016)

Table 1. Questionnaire used to evaluate students general approach about laboratory experiments on medical
electronics

Questions On ascale of 1 to 5 rate: (1=very poor, 2=poor, 3=satisfactory, 4=strong, 5=very strong)

Q1 Do laboratories attract your interest?

Q2 What is the difficulty level of laboratories?

Q3 Do you think the laboratories are instructive?

Q4 Do you think projects, related to a real application, enhance your skills in hardware and
software?

Q5 Did laboratory experiments increase your understanding of the course?

Preliminary work, student performance and prepared test report are considered and graded. In the preliminary
study, basic theoretical information is given about the experimental subjects and it is requested to answer the
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preparation questions for the experiment. The assistants assess students' performance by observing them during
the experiment. The report delivered by the students is graded at the end of the experiment.

Table 2. Questionnaire used to evaluate students general approach about this laboratory experiment on medical

Questions On a scale of 1 to 5 rate: (1:verye;)?(;:’?gi::oor, 3=satisfactory, 4=strong, 5=very strong)
Q1 Did this laboratory experiment attract your interest?

Q2 What is the difficulty level of this laboratory?

Q3 Do you think this laboratory experiment was instructive?

Q4 Do you think this project, enhance your skills in hardware and software?

Q5 Did this laboratory experiment increased your understanding of the course?

Conclusion

In engineering education, laboratory experiments are mandatory for practicing theoretical knowledge. It is hard
for the students to design something they did not before. Most of the students try to pass the experiment by
memorizing it. And also students’ motivation about what they learn at school is very important. Laboratory
experiment should increase their interest about the lessons.

In this experiment, a basic turbidimeter circuit designed to measure students' knowledge of the courses which
they take and to increase their motivation. If the experimental process is carried out as intended, the theoretical
and practical knowledge and skills of the students develop. The designed turbidimeter circuit will be practically
tested by the students and the results will be evaluated by the teachers. The designed test plan increases the skill
and motivation of the student as it is a real device application.

The experiment designed in this paper will be used at Bagkent University in third year medical electronic
laboratory by students of the biomedical engineering department. Here, students designs LED driver circuit and
photo detector circuit for basic turbidimeter design. The system includes a light source, a photo detector to
receive the light, and water samples with soil to test the design. The microcontroller used in the turbidimeter
design is used as the analog to digital converter. A survey will be conducted among the students before and after
the laboratory experiment. A literature survey of similar studies was done. In the results of the research, the
experiment described in the article was planned. Experiment will be evaluated according to the methods
described in the paper.
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Abstract: This research was conducted to evaluate the learning experience of Grade Ten students from two
Malaysian rural secondary schools that adopted the integration of STEM in an Engineering Design Process
(STEM-EDP) approach vis-a-vis an outreach challenge program. A total of 89 students undertook a ten hour
program which engaged them in designing and building three different prototypes as well as answering higher
order thinking questions. Data on students’ learning experience were captured through teachers’ field notes, and
participants’ responses to open-ended questions. The STEM-EDP outreach challenge program brought
awareness to rural school students of their potential as problem solvers, thinkers, creators, and collaborators.
Students were able to simultaneously broaden their boundaries in knowledge and competency even though they
experienced difficulties in tackling challenges associated with STEM activities. Findings suggested that the
STEM-EDP approach can be applied as a means for fostering creativity, problem solving skills, and thinking
skills among rural secondary school students.

Keywords: Engineering design process, higher order thinking, outreach challenge program, rural schools, STEM.

Introduction

The demand for a science, technology, engineering and mathematics (STEM) driven workforce in Malaysia has
become a burgeoning need as the economy has evolved from a production-based economy to a knowledge-based
economy. By the year 2020, it has been estimated that Malaysia will be in need of 500,000 skilled STEM
workers (Academy of Sciences Malaysia, 2015). Undeniably the supply of STEM related workforce is highly
dependent on new entrants into STEM related programmes in upper secondary as well as tertiary level.
However, research has shown that only a total of 45% of students have enrolled in science stream, and technical
and vocational secondary school classes in 2014, which is still far from the ideal ratio of 60:40
Science/Technical: Arts Policy set in 1970 (Yong & Phang, 2015; Ministry of Education Malaysia, 2014).

The challenge of achieving the 60:40 Science/Technical: Arts Policy is even tougher for the vast rural areas of
Malaysia due to its limited infrastructure, lack of good schools and small population (Ling, Mahdib, Mohamadin
& Manaf, 2015). Sabah, an East Malaysian state with a relatively high proportion of students in rural schools is
facing a more challenging situation with respect to its efforts to reform rural schools. Many rural primary and
secondary schools are located in wide and isolated areas with unique topography (Malaysian Digest, 2011).
Some schools, for example, are located in areas with limited road access and as is often the case, water transport
such as boats is used. According to the Sabah Economic Development and Investment Authority Blueprint
(SDC, 2011), 72% of Sabah’s schools were located in rural areas. In terms of infrastructure and basic utilities,
most rural primary and secondary schools in Sabah lack supplies of 24-hour electrical connection and clean
water, access to good teaching and learning resources, computers, and science laboratories. It is apparent that
these limited opportunities and facilities have somewhat created a gap in education attainment between rural and
urban schools in Sabah and in Malaysia as a whole.

In its report about Malaysian rural schools, the World Bank (2010, p. 92) noted that: “Potentially as a result of
less favourable conditions in rural schools, students from rural and remote schools perform significantly worse
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on tests than their peers in urban areas. Disparities within states between rural and urban areas are most prevalent
in poorer states like Sabah”. Specifically, the World Bank (2010) reports a disparity between urban and rural
secondary schools’ achievement in Mathematics among Malaysian students at Grade 9 (15 years of age). It is
clear that many rural school students have lagged behind their peers from urban schools in academic
performance due to inadequate infrastructures, utilities and learning resources.

As a consequence, despite many new initiatives aimed at transforming rural schools, it is a difficult task to
achieve in the near future (Malaysian Digest, 2011). Similarly demanding is the revitalizing of Malaysian rural
secondary schools in STEM education. Undeniably, information about the best practices from new initiatives or
programs in rural secondary schools can be used as a reference to revitalize rural schools in the Malaysian
context. As long as the right approach is put in place, the quality of Malaysian rural secondary schools can
certainly be improved and in the intervening time, the gap between rural schools and their urban counterparts can
be minimized or possibly closed.

In countries such as Colombia and the United States of America, an outreach program is usually designed to help
and encourage disadvantaged students of rural schools to increase their science, technology, engineering, and
mathematics literacy and enthusiasm. This afterschool program aims to improve the quality and reach of STEM
education at all levels. These initiatives raise the questions, “How would an outreach program help less
privileged students in Malaysian rural secondary schools learn about STEM?”. Tackling questions like this,
particularly in rural settings often requires innovative solutions. There is also a need to propose an integrated
program which allows science teachers to seamlessly examine what rural school students would learn and
difficulties faced during the outreach program.

Theoretical Background
Engineering Design Process and Problems

Many researchers propose engineering design process as a means of solving challenges in STEM fields (Farmer,
Allen, Berland, Crawford, & Guerra, 2012; Householder & Hailey, 2012; Hynes, Portsmore, Dare, Milto,
Rogers, & Hammer, 2011). The Massachusetts Department of Education (2006, p. 84) proposed eight steps of
engineering design process which provide a guide for teachers and curriculum coordinators regarding learning,
teaching, and assessment in science and technology/engineering specific content from Pre-Kindergarten to
Grades 6-8 and throughout high school. Those eight steps of engineering design process include identifying the
need or problem, research the need or problem, develop possible solution(s), select the best possible solution,
construct a prototype, test and evaluate the solution, communicate the solution, and redesign. Wendell, Wright,
and Paugh (2015) found evidence that specific instructional support built upon student resources could create
more pathways to success and learning during the different phases of engineering design. Additionally, students
could create and communicate design ideas to each other while engaging in practices. The use of the engineering
design process as an instructional framework is intended to ensure that all pedagogical practices are
contextualized within the engineering design process so that students research, calculate, test, brainstorm, build
and perform activities to fulfil STEM-design challenges (Berland, Steingut & Ko, 2014; Farmer et al., 2012).

Farmer et al. (2012), and Householder and Hailey (2012) have demonstrated how engineering design problems
embedded in the context of an engineering design process in secondary school science classrooms could scaffold
in building engineering skills and habits. As outlined by Khandani (2005), and Mentzer, Huffman and Thayer
(2014), engineering design problems in practice tend to be structurally open-ended and highly complex. An
open-ended problem may have various acceptable solution paths and be limited by rigid and negotiable
constraints which are not always presented with the problem. Engineering design problems are also designed to
be ‘ill-defined’. Greenwald (2000) characterized an ill-defined problem as being: ‘‘unclear and raises questions
about what is known, what needs to be known, and how the answer can be found. Because the problem is
unclear, there are many ways to solve it, and the solutions are influenced by one’s vantage point and
experience’” (p. 28). King and Kitchener (1994) claims that an effective technique for developing problem-
solving and critical-thinking skills is to expose students to “ill-defined” problems in their field.

Many researchers claim that STEM curricula can be integrated in an engineering design process to provide a

mechanism through which students learn relevant STEM content (Hmelo, Holton, & Kolodner, 2000; Mehalik,

Doppelt, & Schunn, 2008; Schunn, 2009). This mechanism encourages students to make connections, helps

connect design failure or next steps to real world engineering and technology (Lottero-Perdue, 2015). Students

learn important scientific concepts and their application in engineering and technology, as well as their

relationship and application in daily life or real world context. Students could look for connections by engaging
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with activities or material in 'real-world' contexts to establish relevance. This approach can attract students’
interest in science lessons and provide them with a deep understanding of concepts and meaningful learning. A
research by Neo, Neo and Tan (2012) found that activities that students carry out in the real world were effective
in teaching and engaging students in the classroom as well as increasing their understanding of the subject
matter.

Hynes et al. (2011) noted that engineering design process that focus on solutions and construction of prototypes
impel students to encounter the process of creative and critical thinking as well as problem solving skills. Hence,
engineering design process would offer an effective route as an instructional framework for teaching STEM
subjects among rural secondary school students.

Purpose of Research

Relatively few organized efforts have been directed to the integration of secondary school STEM subjects in
engineering design process experiences. This research was therefore undertaken to investigate the learning
experience of rural secondary school students (16 years old) on the integration of STEM in an engineering
design process (STEM-EDP) outreach challenge program. It was also conducted to address some of the concerns
how and whether the students could benefit in the aspects of creative and critical thinking, problem solving skills
and applying relevant STEM concepts. Implementing a STEM-EDP approach in an outreach challenge program
may provide the platform to address the numerous challenges that are fundamental to the STEM education of
rural school students.

Research Questions

The research questions guiding this research are:

1. What have students learned through engaging with the program?
3. How did STEM-EDP activities aid the students in their creative and critical thinking, and problem solving
skills?

4, What difficulties did the students face as they engaged with the program? What suggestions would
students offer to overcome those difficulties?

Methodology of Research
Research Design and Participants

A single group with intervening STEM-EDP challenge program design was used in this research. The outreach
program was conducted in two secondary rural schools in April and May 2015. The two selected schools are
located in a rural area on the West Coast of Sabah, Malaysia. School A was about 215 km whereas school B was
160 km from Kota Kinabalu. The participants consisted of 89 Grade Ten Science Stream students, with each 49
and 40 respectively from school A and school B. Participants comprised 53 females (59.6%) and 36 males
(40.4%) aged 16 years old. In the Malaysian context, students from the age of 16 have the opportunity to pursue
two years of study in the upper secondary upon completion of the lower secondary education. Students who are
academically inclined can choose between two main streams: the Science or Arts Stream. Seemingly, the
Science Stream students are perceived to be more adept at performing in mathematics and science related
subjects. Thus, purposive sampling was employed in the selection of the participants. According to Fraenkel and
Wallen (2000) purposive sampling minimizes experimental contamination. Selection of Grade Ten Science
Stream students who possessed knowledge, ideas or experiences of STEM relevant to the research would best
help the researcher understand the research question (Creswell, 2003).

Students gathered into heterogeneous groups of four to five members on the basis of random selection in
accordance with gender and ethnicity (diversity). The groups were assigned by the teacher so that there would be
inclusion of students of high-, medium- and low competency levels based on their individual scores achieved in
the end-of-semester examination. To ensure active and equal participation within a group, each student was
assigned to perform a specific role: a reporter, recorder, runner, checker, and sketcher. All groups were given
identical materials. At the start of the program, students were presented a letter of consent detailing the nature of
their involvement in the program and the need to give their consent on the sheet provided indicating their full
understanding. Code names were used for the data to ensure the confidentiality of the schools and individual
identities.
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A total of 22 science teachers from School A and 19 science teachers from School B participated as assessors
and facilitators. They were trained to carry out the facilitation and assessment prior to the program. They stood
of qualified science teachers with degrees in Science Education. They obtained a passing grade in the Research
Methodology course (qualitative and quantitative) in their Masters course which they were undertaking at the
time. A total of 18 of them helped the researcher develop the STEM activities and testing procedures. The
researcher guided the science teachers on how to facilitate students through the seven steps of engineering design
process in order to ensure the consistency and reliability in the implementation of the STEM activities across
students and schools.

Data Collection

Research Data were collected through qualitative means: participant’s responses to open-ended questions; and
teacher’s field notes. Teachers wrote their field notes based on the observation made during the STEM activities,
and the focus group interviews with students. A total of 19 semi-structured focus group interviews were carried
out after the completion of each STEM activity. The questions of the interviews were open ended (Table 1) and
the students were encouraged to draw explicitly from their learning experiences of working on the STEM
activities. Each focus group interview was conducted in groups consisting of 4-5 students. Table 1 shows the
tools that were being used to address the corresponding research questions.

Table 1. Data capturing tools.

Research Questions Data Capturing Tools
What have students learned through engaging with the Teacher’s field notes based on focus group
program? interview and observation.

Question: What were some of the things about this Open-ended questions.
program that students learned? “Something new students have learned today

i)

was...

How did STEM-EDP activities aid the students in their Teacher’s field notes based on focus group
creative and critical thinking, and problem solving interviews and observation.
skills?

i. What difficulties did the students face as they engaged  Teacher’s field notes based on focus group
with the program? interviews and observation.

ii. What suggestions would students offer to overcome

those difficulties?

Data Analysis

The qualitative data were analysed through thematic analysis. Thematic analysis is a form of a pattern
recognition technique by searching through the data for emerging themes (Fereday & Muir-Cochrane, 2006).
Two researchers independently reviewed teachers’ field notes and students’ responses to open-ended questions.
They read the data line by line and identified recurring patterns in the data. The patterns identified by each
researcher were compared to ensure validity of the codes. They dealt with codes which had no consensus by
sharing their perspectives and concerns to reach common codes. Through multiple reviews and an iterative
process, categories and codes were refined and grouped into themes.

Learning through STEM-EDP Outreach Challenge Program

The STEM-EDP outreach challenge program was designed with a focus on encouraging rural school students
to solve an ill-defined problem utilizing the engineering design process to design, build, and test their
creations. In the challenge, students would be asked to consider the constraints of the materials and time,
identify the problem, think about what they already know, design, plan, construct, test and evaluate a physical
prototype of their design.

The STEM-EDP program consisted of Six STEM activities (Appendix A) lasting about three hours and 20
minutes each. Three activities were introduced in each school with specific context to enhance learning and
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understanding of the STEM concepts. Students also needed to answer the Higher-Order Thinking (HOT)
questions that stood of questions that were not strictly in their curriculum. In a way, answering HOT questions
inspired students to acquire new found competences. Anderson and Krathwohl (2001)’s Taxonomy was used as
a guide to develop a blueprint for the HOT questions, which belonged to the Analysis and Evaluation category of
the cognitive domain. Some samples of HOT questions used were: ‘In your opinion, if buildings were
constructed identical to this prototype, is it safe to be inhabited? If yes/no, please explain why?’(Evaluation);
‘How can your prototype be modified in order to improve its results in the future?’(Analysis); and ‘Explain why
there is a difference of the submarines’ speeds between the two bottles? (Analysis)’. The HOT questions were
specially designed to evaluate students’ analysis, evaluation and communication skills in connecting STEM
activities with their daily life.

Previous research (Siew, Amir & Chong, 2015) found that science teachers noted several potential challenges
while implementing a STEM-Project-based learning approach in their rural school classrooms. These included
inadequate materials, limited facilities and limited allocation of classroom time. Accordingly, the engineering
design process employed in this program (Figure 1) removed the ‘redesign’ step proposed by the Massachusetts
Department of Education (2006, p. 84). This modification was made to ensure that students could produce
workable prototypes that made best use of the materials and time provided.

1. Identify the need or
problem

A4

v
7. Communicate the solution(s) | 2. Research the need or problem

}

6. Test and evaluate 3. Draw/sketch possible
the solution(s) ideas/solutions for the problem

i I

5. Design arl'ld construct 4. Select the best possible
a prototype solution(s)

T

Figure 1. The seven steps of engineering design process (Adapted from Massachusetts Department of Education,
2006).

The advantages of the engineering design process in the teaching of STEM is that it focuses on solutions by
constructing prototypes that drive students to encounter the process of creative and critical thinking, and problem
solving skills. It allows students to realise that there are many ways to find solutions, as they engage in
brainstorming to identify problems and propose solutions. The process of finding the optimal solution based on
constraints requires participants to engage both in critical thinking and problem solving skills. Through the seven
stages of engineering design process, learners are intended to develop creative and critical thinking, and problem
solving skills while carrying out the STEM activities.

Prior to the program, students worked in teams to solve an ill-defined problem by designing and building
workable solutions in forms of prototypes, which could be tested and fulfilled the criteria set in the problem. In
this research an ill-defined problem was introduced to students within the context of their daily life. Thus, ill-
defined problems become better defined and more contextualized as they were worked on and hence the solving
and learning was through doing.

Students worked collaboratively to plan, design, construct, and test a prototype based on their prior and new
knowledge; and demonstrated and tested their prototype to their peers and facilitators. The students were
expected to be able to identify and discuss the science and mathematical concepts exhibited in their designs or
prototypes. The STEM-EDP outreach challenge program promoted out-of-the-box creative thinking and
discussions. Students were encouraged to find multiple, imaginative, intuitive and common sense solutions and
not “one right answer” to a problem. The goal of this program was to enhance innovative and inventive thinking
abilities of rural school students resulting in skills that can be applied in the Science, Mathematics, Engineering,
and Technology fields.
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Results of Research
Qualitative Analysis on Participants’ Response

Science teachers’ field notes and students’ responses to open-ended questions were analysed using thematic
analysis. A number of different themes in relation to STEM-EDP approach emerged from the data. The
abbreviations used for the analysis are: “S” represents Student, “T represents Teacher, “SA” represents School
A, “SB” represents School B and ‘G’ represents Group. The main findings are discussed below:

Students’ acquisitions through engagement with the program

Application of Science, Technology, Engineering and Mathematics knowledge in solving daily life problems.
Almost every participant (98%) noted that they benefitted from the STEM activities as they were exposed to
real-life situations where Science, Technological, Engineering and Mathematical knowledge were applied for
solving daily life problems. More importantly, STEM activities succeeded in providing a platform for them to
apply scientific knowledge. Among the scientific concepts the students noted were related to water and air
pressure, equilibrium of force, base area, balanced force, surface tension, stability, water density and the
buoyancy force in a submarine. Students also pointed out that they were working like engineers. Related
responses to open questions were:

“The activity integrates many of the STEM concepts such as water pressure (science), boat structure
(engineering) and measuring length (mathematics)”(S39, S43);“I could apply physics concepts in solving
problems and thinking outside the box such as designing of floating needles and paper clips on the water’s
surface using the concept of water’s surface tension” (S31, S39); and “We learned how to build balancing toys
as if we were engineers” (S78, S91).

T21, T30, and T36 (SB) confirmed that interviews with students revealed that they found the need to apply the
concept of impulse in order to create an innovation to help absorb the impact of an egg being thrown from a high
place. Furthermore, students were also able to explain that the concept of impulse was also applied in producing
car air bags.

Application of scientific knowledge in designing and producing daily life products and answering HOT
questions. A significant number of science teachers (88%) observed that a profound comprehension of scientific
knowledge was needed in order for students to answer HOT questions every time a STEM session ended.
Scientific knowledge did not only help participants answer high level questions but also helped them to be
creative in reapplying knowledge learnt in the designing and producing of prototypes. For example, T5 and T10
(SA), and T6 and T19 (SB) observed that HOT questions gave students an opportunity to posit answers
according to their thinking and make connections with scientific concepts they have learnt in class. Some of the
evidences that showed students realised the importance of using scientific concepts in designing and producing
daily life products include:

“I learnt that the Sink and Swim activity that involve the concept of weight and air pressure is very important in
building a submarine” (S44); “Scientific concept has always been applied in every creation” (ST); “It involves
making daily life products through the applications of scientific concepts” (S11, S37, S61).

T2 and T13 (SA) added that during the activity of creating a straw submarine, they observed that students
discovered that the submarine needed to be designed with some air space inside it. When the plastic bottle was
being pressed, it created pressure against the water in the bottle. Indirectly, the water in the bottle exerted
pressure towards the air space in the submarine. Based on this understanding, students started to create different
designs of submarines using straws. Students also discovered the different speeds of the submarine, moving up
and down in two different solutions. Facilitators were even more satisfied that the students could answer the
HOT questions correctly.

Connecting STEM activities with daily lives and scientific concepts learned. A large percentage (93%) of the
science teachers noted in their field notes that participants learned how to make connection of the STEM
activities with their daily life phenomenon. For example, T2, T18, T13 and T14 observed that students could
relate how ships or boats function and why they could float on the surface of water by making comparisons with
their boat models. Another example is when answering the HOT questions, participants could affiliate the
floating needle and paper clip activity with the water strider bug, a floating log, water lilies, floating ants and
others. T6 and T19 supported these claims by noting that “Scientific knowledge is not only for answering exam
papers but also useful in helping students create connections and explain situations faced in their daily lives. In
133



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 18 - 21, 2017 Ephesus-Kusadasi/Turkey

this case, it is observed that students applied scientific concepts they learned during Physics lessons in problems
given to them. Students not only applied the science principles and laws they learnt but also used them in
practical forms”.

Designing and building something new and practical. A large percentage (96%) of the participants expressed in
the open questions that STEM activities gave them an opportunity to create many new, interesting and practical
science products using everyday materials. They stated that the balloon powered car made from plastic bottles
was a new experience for them. They were fascinated with finding ways to make a highly powered car moved by
air using ever ready materials such as glue, bottles, pencils and others. Another activity was making a boat. The
students said they realised that play dough can float when shaped into a boat. Others noted that finding gravity
centre through making the balancing toys was a new activity. Meanwhile, a few students commented that they
discovered how to float the needles and paper clips while some noted their success in floating the objects.

According to T24 and T28, when participants were asked why they were excited with the STEM activity, they
answered that: “because we got the chance to design and build a new model which we only see in textbooks”. As
for T20, T23, and T34, they observed that the students could design egg protection tools and that every group
member worked together the whole time by contributing ideas and carrying out the projects as they had planned.
Other than that, T13 and T14 also said that students showed interest in STEM 3 activity because they could
become ‘designers’ of their own boat in the future. One of the members in the group shared her opinion by
saying that, “This activity gives me an idea of creating a modern boat that can give a great impact to the means
of transportation” (G6, S3). Thus, STEM activity, according to T13 and T14, seems to provide a very good start
to stimulate the interest of students in learning Science.

Ways in which STEM activities have aided the students in their creative and critical thinking, and problem
solving skills.

In their field notes, science teachers reported that all the participants agreed the activities they were engaged in
had aided either in their creativity, critical thinking or problem solving skills through measures as discussed
below.

HOT questions sparked critical thinking. A large percentage (93%) of the participants expressed through the
open questions that they were challenged to think critically when answering the demanding questions in the
STEM program. According to T4 and T11, students were capable of giving rational answers to the HOT
questions. For example, one of the group members gave an excellent answer and showed that he/she understood
the concept and was able to give a suggestion to improve the existing prototype if given the chance to design it
with the aid of extra materials. From T4 and T11’s observation, the HOT questions challenged the participants
even in their groups. The sharing of answers added knowledge collectively to the group besides increasing their
critical thinking skills.

Besides that, other teachers like T27, T31, and T39 (SB) also thought that the student’s critical thinking was
enhanced since each activity required students to answer HOT questions. The students felt that the HOT
questions were difficult but they tried their best to answer and associate them with their prior knowledge.
According to T24 and T28 (SB), two members from their group stated that STEM activities tested and
challenged them to think outside the box using higher thinking skills.

IlI-defined problems inspired creativity and thinking. A significant number of science teachers (83%) reported
that students faced complexities posed by ill-defined problems in the program. These ill-defined problems
demanded from them effective response to the challenging tasks which in turn inspired creativity and thinking.
For example, T26 and T33 stated that participants from groups Two and Seven admitted that STEM 3 activity
was the most challenging because it demanded high thinking skills to solve problems and tested the students’
creativity levels in creating a bottle car that was powered by a balloon. Participants had to figure out ways to
move a car by using only air within a balloon. Participants also had to think of a method of reducing the car’s
weight and decrease its tire resistance. Besides that, T29 and T35 (SB) also declared that students found the
STEM 2 activity challenging particularly when building a slide made of satay sticks tied together that needed
high creativity skills.

T20, T23 and T34 (SB) also asserted that interview results showed that each student admitted that the problems
posed in three activities were challenging. One of the male participants in their group admitted that he never
knew that he could solve the challenge of building a slide using satay sticks in a short amount of time. On the
other hand, participants in T25 and T40’s group (SB) also claimed that STEM program encouraged them to think
creatively as well as critically. This was because each activity had its own challenges.
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For STEM 1 activity, which was the ‘egg-astronaut’, students were being hurried and struggled with having no
ideas in using the materials given because “slow to act as ideas came late’ (G4, S92). Nevertheless, discussions
done from time to time enabled them to think creatively and they eventually made a sellotaped basket tied with
three balloons. This idea came from their own group member and the inspiration for it came from their
observation of the hot air balloon. Their own knowledge about hot air balloons helped them in this activity.
Moreover, according to participants in T9 and T12’s group (SA), “The thing we like the most with this activity is
that it challenges our mind to create something more creative that is to think of ways to produce balancing toys
in a more stable way. This activity also tests patience” (S3, G2).

Besides that, the problem of limited materials forced them to think creatively. Below is another example of an
interview with student groups:

Students (SA; S4): I have to recombine other materials to make up a good raft.

Students (SA; S1): There is no glue, we need glue, teacher. No glue, so we have to think a bit critically to
tie the straws together and minimize leakages.

Students (SA; S6): We redo the raft, well; it floats and still carries 18 marbles. | guess we managed to

learn how to solve the problem. (Laughs)

Along with that, T5 and T10 noted that most respondents responded that STEM activities challenged them and
their creativity for the sake of creating a working product that fulfilled the criteria needed in the specified rubric.
As an example, the “Sink or Swim” activity needed students to identify methods or steps and design needed to
make the paper clips and needles float on the surface of water.

Sketching, designing and constructing models fostered creative thinking and problem solving skills. A
considerably large percentage (78%) of the science teachers noted in their field notes that participants stated that
the activities of sketching, designing and constructing models helped to increase their creative thinking and
problem solving skills. For example, T27, T31, and T39 (SB) noted that students expressed opinions that each
activity encouraged creative thinking and also problem solving skills. This was because each activity needed
students to sketch and design models according to the creativity of each group. Students noted that they had to
think of a way to design models that worked and at the same time possessed creative elements. By observing the
sketches in the three activities, T27, T31, and T39 (SB) found that there was improvement particularly in STEM
activity 3. Besides that, students also said that their problem solving skills were highly stimulated because they
had to solve problems in the stipulated time as well as create a working model out of the materials prepared.

Apart from that, T2 and T14 noted that participants became inventive when given the chance to design and
produce their own functional straw submarine. One of them even stated that "I liked this activity. Maybe, who
knows, in the future, I can create my own submarine, because I already know the concepts of how to make it!”
(G6, S2.). T7, T15 and T17 (SA) also found that the ‘Straw Submarine’ activity challenged student’s thinking
skills as they noted: “We can see that everybody was trying really hard to build the submarine. It can obviously
be seen on their faces. All of them also stated that to build submarine is very hard compared to the previous
activity”.

In addition, T2 and T14 stated that ‘balancing toys’ successfully induced creativity within students as almost
every one of them were able to build a balancing toy with different designs. By using their creativity and
imagination, students in group Six were able to create nine balancing toys with different designs. Furthermore,
this activity also enhanced student’s thinking skills. Students gained ideas on how to create their own toy design.
Hence, it encouraged them to think more profoundly. What’s more, from the interviews, students shared that this
activity motivated their creative thinking. This was supported by observations made by T9 and T12 (SA) who
noted that: “Besides creating one ‘balancing toy’, students can think of ways to merge a few ‘balancing toys’ in
a stable condition”. Moreover, T2 and T13 (SA) stated that the balancing toys activity successfully encouraged
the creativity and imagination of the students as almost every one of them was able to build a balancing toy with
different designs.

Another example was a boat making activity. From the provided materials, students designed two different kinds
of boats, one from play dough and another from straws. This increased the number of marbles carried by the boat
as long as the boat was stable enough to carry them. Brainstorming within the group produced new ideas and
boosted the confidence of individuals, hence allowing them to do their best work in order to find optimal
solutions.

Working cooperatively instilled thinking. In a statement by T4 and T11 (SA), students were in opinion that
“Sink or Swim”, the first STEM activity, challenged them to think of ideas and make many attempts without
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giving up in order for a needle and paper clip float. Suggestions from their friends in the groups helped them to
increase their critical and creative thinking when making attempts to cooperate as a group to solve the problems.
T6 and T19 (SA) also observed the mutual understanding shared among the group members while doing the
activities and the cooperation in contributing ideas. T7, T15 and T17 (SA) reinforced that participants tried to
solve and help each other to find the centre of gravity in order to create stable ‘balancing toys’.

The challenge faced by the students during the program

Time Constraint. A major concern during the program was time constraint. T29 and T35 (SB) said that some
students assented that it was tough to design the slide model in activity STEM 2. According to them, models
built from sticks needed time but the time given was not enough. Time constraints caused them not to complete
their model according to plan. Another pair who stated a similar problem was T26 and T33 of SB. They said that
students in STEM 2 faced lack of time. T20, T23 and T34 (SB) also agreed that time was short and not enough
for students to complete the STEM 2 activity. Similarly, T24 and T28 (SB) said that students from Group 1
complained that they did not have enough time to build a strong runway. Finally, T32 and T38 (SB) posited that
participants from Group 3 found that the STEM 2 activity (slide invention) was the most arduous because the
time given was too brief (S4, G3) and too many materials had to be assembled (S3, G3).

Students equipped with limited scientific concepts. T24 and T28 (SB) noted in their observation and interviews
that students experienced difficulty in applying scientific concepts and knowledge in the implementation of the
STEM-EDP program. The students were weak in mastering physics concepts, hence they needed to put in extra
effort to relate physics principles in designing and building activities. For example, according to the students of
group Four, their prior knowledge of scientific concepts was limited. This led them to be less creative in creating
something unique for the STEM 1 activity. T7, T15 and T17 (SA) affirmed this:

“We found out that most of the students under our care cannot get the science concepts quickly, except the
leader of group One. The main difficulty that the students faced was weak basic concepts in science. The next
problem that we observed was, they did not know how to explain the concept, which can be seen in their answers
for Higher Order Thinking (HOT) questions. For example, they only got one mark for question 2.3.2 because of
insufficient explanation of the process involved when they pressed the bottle. This was the main reason why they
got last placed in this program.

T6 and T19 (SA) noted that students encountered the difficulty of relating scientific concepts they have learnt in
the classroom to the activity. For example in activity 1A, students were unable to link the scientific concepts
such as buoyancy force and density to the design. Hence, a discussion among the students in determining the
exact scientific concepts taught them to think using higher level thinking skills. They had to assess in detail the
exact scientific concepts used to solve the problem in this activity. Additionally, T4 and T11 stated that students
faced hardship in stating and explaining the concept of buoyancy connected with large ships made out of steel. In
this matter, students could only give unfocused answers that did not match the suggested answers. This was seen
when students tried to solve the problem of making boat models. Other facilitators responded:

“Students appeared to be unable to perform the activity, even after they understood what they have to do. This
may be due to lack of ideas to create something that they are not accustomed to.” (T1, SA).

“We have to give them hints such as ‘force related to water’ and giving them time to recall what they have learnt
in the classroom. Fortunately, they remembered! Even though they knew the concept, they were not able to
relate it with the activity.” (T7, T15 & T17, SA).

Activities were too challenging. T20, T23, T24, T32, T34 and T38 (SB) remarked that participants experienced
higher level thinking challenges in STEM activities As for T2 and T18’s group, in the STEM 3 activity, students
experienced obstacles in balancing the marbles on the raft. The dilemma was most felt when they had to choose
a raft shape that could hold the most number of marbles. T7’s group also found the same activity challenging.
The interview finding was as follows:

: We faced so much problems with testing the raft on the water.
Students (SA; S1, S5) :..... The leaks really cracked our brains. (Laughs)
: We tried many times to fix the raft but it was still leaking. Our brains are tired, (Smiles cheekily)

According to T2, T9, T12 and T18 (SA), students encountered hardship in balancing the ‘balancing toys’ even
though there were several efforts done to tie them up. Students faced difficulty in finding the centre of gravity of

the ‘balancing toys’ in order to create stable ‘balancing toys. Even though the balance was the same, students
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found different designs had different centres of gravity. Nevertheless, after improvisation was done, each group
was seen to be able to balance their ‘balancing toys’.

T9, T12, T30, T21, and T36 reinforced that students were of the opinion that STEM activities were demanding
especially when they tried to make a submarine float and sink. This was supported by their remarks: “We found
it extremely difficult to make the submarine float and sink. We tried many methods but we still could not manage.
The activity undoubtedly tested our knowledge and skills”. This was also supported by the remarks made by T7,
TT15 and T17:“We found out that students were really engaged in ‘Straw Submarine’ compared to ‘Sink or
Swim’ activity. This is because, according to students, ‘Straw Submarine’ is a more challenging and interesting
activity because they must know the concept of buoyancy and how submarines work in order for them to build a
straw submarine.”

Besides that, other teachers like T27, T31, and T39 (SB) revealed that all the students admitted that the STEM
activities were challenging and that they needed to take high risks in making decisions in order for their models
and designs to be built and function well using related scientific concepts and appropriate materials.

Students’ suggestion for overcoming the identified source of problem

Extending the time. Time was a big issue in STEM 2 activity for school B in this program. According to T38
(SB), students suggested that time should be increased for STEM 2 activity which needed more time to construct
the structure (G3, S1). T26 and T33 (SB) also noted the same suggestion for STEM 2 activities. Tuina, a student,
stated that if time were increased, she and her friends would have been able to make better creations and do more
trials so that weaknesses could be overcome. T24 and T28 repeated the same suggestion from participants for
STEM 2 activity.

Discussion

The STEM subjects which were integrated into engineering design process provided a mechanism through which
students learn to make connections by engaging in ‘real-world' problems and contexts (Lottero-Perdue, 2015;
Neo, Neo & Tan, 2012). In this present research, findings show that students were able to apply STEM
knowledge in solving daily life problems, designing and producing daily life products and answering HOT
questions. Students were also able to connect the STEM activities with daily lives and scientific concepts learned
in the classroom, and to create new and practical products using everyday materials. This research makes clear
that the execution of the proposed STEM-EDP program can help students in relating STEM knowledge to their
real-world problems and contexts.

The STEM-EDP outreach challenge program not only allowed students to gain and integrate STEM knowledge
but also provided an avenue to boost their creativity, critical thinking, and problem solving skills. Students’
creative and critical thinking was sparked through solving HOT questions and ill-defined problems posed in the
STEM activities. Students could respond effectively even with limited materials and time in organizing their
thoughts to choose the best possible solution for their prototype using related scientific concepts. Lewis (2009)
asserts that imposing some structure to open-ended design problems may assist in encouraging more creative
thinking. Hynes et al. (2011) also noted that engineering design process provides students an opportunity to
practice critical thinking skills as well as creative and outside-the-box thinking. King and Kitchener (1994) have
also written about exposure to ill-defined problems that mimic those solved by real-world practitioners help
students develop problem-solving and critical-thinking skills. This research demonstrates that STEM-EDP
approach allows students to focus on solutions to ill-defined problems and construction of prototypes that could
encounter them in the process of creative and critical thinking, and problem solving skills.

In addition, the research showed that activities such as sketching, designing and constructing a prototype have
helped students to foster their creative thinking and problem solving skills. Students described how the
engineering design process encouraged them to come up with sketches for possible solutions. The process also
taught them how to solve the given problems in the stipulated time as well as design and create a working model
out of the materials prepared. Students said that brainstorming within the group produced new ideas, and mutual
understanding and cooperation boosted the confidence of each individual to do his/her best work in order to
construct a functional prototype. For example, a group of five from group Six were able to create nine balancing
toys with different designs.
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A number of the earlier researches have noted that learning in cooperative learning groups fosters creativity and
problem solving skills and social competences. For example, Siew, Chong and Lee (2015) reported that
sketching science and sharing ideas in cooperative learning groups in problem-based learning fostered students’
scientific creativity. Similarly, Stanford University Newsletter (2001) noted that students who brainstorm in a
collaborative situations while solving a problem develop both domain knowledge and problem solving skills.
Notably, the program had a significant impact on students’ understanding about themselves as potential problem
solvers, thinkers, creators, and collaborators. Students were made aware of their potential to become inventors.
They also felt a sense of empowerment to make an impact to the world.

For most students, STEM-EDP outreach challenge program provided a fun and enjoyable learning experience,
enabling them to incorporate their own ideas from daily life experiences and creative thinking to create new
products. Overall, the program scaffold the students’ critical thinking, problem solving, team work, creativity,
and thinking. They learnt skills and competences that were otherwise tough to teach in a normal classroom
setting.

While the students described many positive learning experiences gained in this program, they also pointed out
several challenges. The two most commonly mentioned challenges were the limited amount of time needed to
construct optimal prototypes, and limited knowledge of scientific concepts. Straw, MacLeod, and Hart (2012),
and Siew, Amir and Chong (2015) also note that time is a critical constraint; this is especially obvious when the
conducted STEM activities involved the use of a wide range of cognitive abilities. Siew et al. (2015) have also
written about limited knowledge of scientific concepts being a challenge that influences success in STEM
activities.

This research makes clear that reducing the time pressure by negotiating or extending the execution time would
clearly help some students complete the activities. This research also highlighted that students who are equipped
with sufficient knowledge of scientific concepts would be able to answer HOT questions elaborately, and thus
adequate classroom opportunities to practice thinking skills are crucially needed. In addition, this research makes
clear that consolidating students’ understanding of scientific concepts would help them in adopting a STEM-
EDP approach in their design and build activities. The research finding not only confirms the results of previous
research studies reviewed, but also supports new research examining a number of potential ways to support
STEM students with complex design tasks in time-limited situations.

Although the research findings suggest that rural secondary school students benefited from the learning
experience through STEM-EDP outreach challenge program, its limitation must also be acknowledged. This
research involved only 89 Grade Ten students, and may not be representative of the Malaysian rural secondary
school students’ population as a whole. This research is a one-day snapshot of students’ learning experiences.
Future research will therefore need to be carried out with a larger sample size and longer period with extra ill-
defined problems compared to the current research to assess extensively the learning effects of integrating STEM
in an engineering design process. Further comparison between rural and urban schools would shed light on the
extent to which locality influences students’ learning experiences in the STEM-EDP program.

Conclusions

This research investigated and elaborated how Grade Ten rural school students (16 years old) benefited from a
day long implementation of the STEM-EDP outreach challenge program. It concludes that the proposed program
is an extremely rewarding and influential process of teaching and learning both for the educators and the
students. Vis-a-vis the program, students were able to expand their boundaries of knowledge and competencies
to become problem solvers, innovators, creators, and collaborators even though they experienced difficulties in
tackling challenges associated with STEM activities. The STEM-EDP outreach challenge program opened the
eyes of many rural secondary school students of their potential to fill in the critical pipeline of engineers,
scientists, and innovators so essential to the future of Malaysia. Findings suggest that the STEM-EDP outreach
challenge program offered a means for developing creativity, problem solving skills, and thinking skills among
rural secondary school students. This research has therefore highlighted the pivotal role of applying integrated
approaches such as STEM-EDP to the teaching and learning process of science related subjects which cater to
the needs and challenges faced by rural school children in the country.
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Appendix A

STEM activities in School A and School B

SCHOOL A

SCHOOL B

STEM

STEM

STEM

1 (a) How would you produce an object
using paper clips and needles that can
float on the water surface?

1 (b) How would you produce a
submarine that may arise and submerge
in a closed water bottle?

How would you produce a balancing
toy that can stand upright and stable on
your finger, like a bird perched on a
tree branch?

How would you design and build a
model boat that can accommodate as
many boxes of biscuits for your
company to be transported from
Labuan to Kota Kinabalu? Suppose
that marbles are the boxes of biscuits
that need to be brought to Kota
Kinabalu.

How would you produce a protective egg device in
order to protect a raw egg as it falls to the ground from
a height of a 2-storey building?

How would you produce a sliding model that is able to
withstand the load of and encourage the acceleration of
a tennis ball?

How would you produce a balloon-powered car that
can go the fastest and furthest away from the starting
line?
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Abstract: This study explored the predictive effects of students’ engagement in science lessons and attitudes
toward science on science achievement among Southeast Asian eighth graders in TIMSS 2015. In this study,
students’ views on engaging teaching in science lessons, students’ interest in and liking of learning science,
understanding about the importance of and the usefulness of the subjects (attainment value and utility value), and
self-confidence or self-concept in their ability to learn science were measured. Data were obtained from 9,726
Malaysian students, 6,116 Singaporean students, and 6,482 Thai students who participated in TIMSS 2015. The
results of the present study indicated that Southeast Asian eighth graders’ views on engaging teaching in science
lessons, liking, valuing, and confidence in learning science were positively and significantly associated with their
science achievement in TIMSS 2015 except for the relationship between students confidence in science with
science achievement for Malaysian samples. Southeast Asian eighth graders’ liking, valuing, and confidence in
science also showed significant predictive effects on their science achievement except for Malaysian grade 8
students’ confidence in science which showed an inverse contribution to science achievement. On the other
hand, Malaysian and Thai female students scored significantly higher than their male counterparts on the TIMSS
2015 science assessment. This study provides information on prerequisites of Southeast Asian students’ science
learning. Implications of the findings for educational policy and practice are discussed.

Keywords: Engagement in science lessons, attitudes toward science, science achievement; TIMSS

Introduction

TIMSS is an international comparative study that has been implemented by the International Association for the
Evaluation of Educational Achievement (IEA) since 1995. It was designed to assess the quality of the teaching
and learning of science and mathematics among Grades 4 and 8 students across participating countries (Martin,
Mullis, Foy, & Stanco, 2012). The findings of the recent cycle of TIMSS reveal that Singapore and Korea are the
top achievers in science at the fourth grade whereas Japan, Russian Federation, and Hong Kong SAR are listed
in the top five. At the eighth grade, Singapore is the top achiever in science whereas Japan, Chinese Taipei,
Korea, and Slovenia are listed in the top five. East Asian countries like Singapore, Hong Kong SAR, Korea,
Chinese Taipei, and Japan are also the top achievers in mathematics at the fourth grade and eiq]hth grade. On the
other hand, Southeast Asian countries like Malaysia and Thailand was ranked 24" and 28" in TIMSS 2015
science assessment at the eighth grade. Malaysia and Thailand was also ranked 22™ and 30" 'n TIMSS 2015
mathematics assessment at the eighth grade.

Even though the curricular policies and the school resources often set the tone for accomplishment as well as
teaching effectiveness, what students experience in the classroom are more likely to have a considerable direct
impact on their science learning. It can be concluded that classroom instruction is at the core of student learning.
In relation to this, the concept of student content engagement has been highlighted by McLaughlin, McGrath,
Burian-Fitzgerald, Lanahan, Scotchmer, Enyeart, and Salganik (2005) in an effort to build a better linkage
between curriculum and instruction.
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It is undeniable that factors which might have contributed to the outstanding science performance in TIMSS are
multi-faceted, and such factors have been widely researched recently, including cognitive, affective (i.e., interest,
attitude, and motivation), as well as psycho/sociological aspects (see Ong & Gonzalez, 2012; Ong, Gonzalez, &
Shanmugam, 2013). Research about students’ learning has studied the complex phenomenon of motivation
(Nolen, 2003; Pintrich, 2003; Singh, Granville, & Dika, 2002). For example, students’ motivation to learn can be
affected by whether or not they find the subject enjoyable and place value on the subject. In addition, students’
motivation can be affected by their self-confidence in learning the subject (Linnenbrink & Pintrich, 2003).
Hence, TIMSS 2011 included scales about three motivational constructs: intrinsic value (interest), utility value,
and ability beliefs (Martin, Mullis, Foy, & Stanco, 2012).

There are 11 SEAMEO countries in the Southeast-Asian region. Three out of the 11 SEAMEO member
countries, Malaysia, Singapore, and Thailand, participated in TIMSS 2015. Singapore joined the TIMSS since
1995 at both the fourth and eighth grade levels. However, Malaysia joined the programme in 1999 only at the
eighth grade level. Thailand joined the programme in 1999 at both the fourth and eighth grade levels. A
summary of the Grade 8 science and mathematics performance of these three Southeast Asian countries from
TIMSS 1995 to TIMSS 2015 is provided in Table 1.

Table 1: TIMSS (Grade 8) science scores for Malaysia, Singapore, and Thailand (1995 — 2015)
TIMSS Science Scores of Grade 8 Students

No. of
Participatin

Year g Countries Malaysia Singapore Thailand
1995 45 - 580 -
1999 38 492 568 482
2003 46 510 578 -
2007 59 471 567 471
2011 63 426 590 451
2015 46 471 597 456

The purpose of the present study is to examine the predictive effects of students’ views on engaging teaching in
science lessons and attitudes toward science on science achievement among eighth grade students in Southeast
Asian countries who participated in the TIMSS 2015 assessment. The research question that underpinned this
study was: Using the TIMSS 2015 data, how well do Grade 8 Southeast Asian students’ views on engaging
teaching in science lessons and attitudes toward science predict their science achievement?

Review Of Literature
Effective Pedagogical Practices and Students’ Engagement in Science Learning

Engagement or sometimes being referred to as participation or involvement is a type of commitment to appear at
a certain time and place, in educational contexts, should be the school or various learning environment, be it in
or out-of-school or home. Research showed that students’ attitude towards learning will be better reinforced if
teachers use a plethora of diverse strategies that include innovative pedagogical approaches and interesting
instructional materials to engage or involve students’ learning. For example, teachers could arouse students’
curiosity and interest towards science learning by relating the lessons to the environmental phenomena and their
daily lives. Moreover, viewing from constructivist perspective emphasizing on students’ prior knowledge,
teachers should be prepared and consider the initial ideas of students to develop further. Students should also be
given more explanatory power so that their ideas can be developed into useful concepts (Martin, Sexton,
Wagner, & Gerlovich, 1994).

Science is a constantly evolving field. Students will become more effective citizens by being able to locate,
analyse, and critique information to form their own opinions since everyday people are required to make
decisions in unfamiliar contexts (Tytler, 2007). Hence, science curriculum should not be presented with too
many superficial ideas, leaving students with disconnected ideas that cannot be used to solve problems and
explain phenomena they encounter in their everyday world (Krajcik & Merritt, 2012). Educators are also
encouraged to use effective questioning techniques to elicit students’ prior knowledge as well as to promote their
communication, thinking, and reasoning skills. For example, Treffers (1987) suggested that students should be
given the opportunity to reflect on their own science related experiences by asking them critical questions in
related context. In fact, according to researchers, interactive questioning provides the context for modifications
of the schema and the building of new schemas. Through the process of accommodation as an alternative, there
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will also be the breaking up of the present schema into subschemas to facilitate teaching and learning (Treffers,
1987 in Aida Suraya, 1997).

Feedback is one of the most powerful influences on learning and achievement (Hattie & Timperley, 2007).
Students will hence be more engaged in learning if teachers are able to provide useful feedback with praise for
their good effort completed for given tasks and summary on what the students should have learned from each
lesson. Students should also be encouraged to improve their performance from time to time by engaging in
various types of learning environment, be it within or out-of-school and home.

Psychological Factors and Students’ Engagement in a Learning Environment

Literature revealed that ‘learning’ occurs if the learners communicate and interact with their learning
environment. Learners must be engaged actively and individually to discover, transform, and ‘own’ complex
information (Martin, et al., 1994). Students’ engagement in learning is found to be affected by a number of
cognitive and socio-psychological factors such as values, attitudes, interest, motivation and expectation.
Numerous researches were conducted on students’ engagement in science including areas of cognitive
development [e.g., by Piaget (1964)] and problem-solving behaviour [e.g., by Garton (2004)]. There is also
research on academic learning time spent among students, e.g., the study on ‘time on task behaviors’ (Brophy,
1998 in Chapman, 2005).

A big challenge to science teaching is in the affective domain (Quick & Anderson, 2005). Hence, apart from the
cognitive domains of learning as proposed by Bloom’s taxonomy, the planning of science lessons should also
consider the affective domains as suggested in the Krathwohl’s taxonomy of educational objectives. These
include the levels of receiving, responding, valuing, organization, and characterization by value (Krathwohl,
Bloom & Masia, 1956). These indicators may serve as guidelines for any evaluative studies on students’ active
engagement in science learning as a result of their attitude, interest, or motivation levels. For example, students
with high ‘self-esteem’ (i.e., the general feelings of self-worth or self-value) will be more engaged on certain
tasks such as science activities as they have of themselves towards their own capacity to succeed at the tasks
given. Those with personal interest on particular topics will be more likely to be engaged in that topics and
develop long-term interest to pursue further.

Students who believe they have the ability and confidence to succeed in the learning tasks (i.e., with expectancy
and self-efficacy beliefs) would likely to be more engaged in the given tasks such as science activities. Those
who have intrinsic motivation will find the task inherently enjoyable and be more engaged in the activities
(Atkinson, Atkinson, Smith & Bem, 1993; Lefton, 1991; Weiner, 1979). When the learners are motivated and
involved or engaged actively (Darling-Hammond, 1997) in the subject taught such as mathematics, they are
willing to pursue the assigned intellectual activities even when these become difficult (Finn, Pannozzo, & Voekl,
1995; Natriello, 1984; Reeve, 2005; Schlechty, 2001).

Self-Efficacy Beliefs and Achievement in Science

Constructivist and motivation theories recognize that motivation is influenced by how interesting and relevant
the learners perceive the activities and information. According to educational psychologists, student’s motivation
is influenced by a number of beliefs, values, interests, and attitudes that can be positive or negative in their
effects. The construct about ‘self” was grounded on the ‘self-determination’ theory (stating that students may do
activities for interest or enjoyment, i.e., intrinsic motivation), and/or the ‘self-belief” theory (including self-
efficacy which stated when self-confidence is high, students will be more motivated to persist in a task until it is
completed). The construct ‘belief on own coping ability’ (intrinsic motivation) is based on the Expectancy-Value
theory explaining that beliefs about one’s ability to succeed are expectancy beliefs, beliefs about the extent to
which the task is useful, enjoyable, or relates to one’s self-image as value beliefs (Glynn, Taasoobshirazi, &
Brickman, 2007; Palmer, 2007; Phillips, 2007; Weiner, 1979). It is believed that students are motivated to learn
when they value either the outcome or process of learning and they expect that they will be successful. As
explained from psychological theories, students believe that the task is of value (value beliefs) and they believe
he/she has the ability and confidence to succeed in the learning task (expectancy and self-efficacy beliefs)
(Lefton, 1991; Phillips, 2007).

Self-efficacy is a very specific form of self-concept theory that refers to people’s beliefs about their mastery or
capabilities to perform a task successfully at designated levels with convictions about their own effectiveness

that can determine the types of behavior they will engage in or the amount of risk they will undertake. It is their
144



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 18 - 21, 2017 Ephesus-Kusadasi/Turkey

belief about whether or not they can successfully engage in and execute a specific behavior or their confidence in
their ability to behave in such a way to produce a desirable outcome (Bandura, 1977, 1997; Lefton, 1991). Self-
efficacy determines and flows from the feelings of self-beliefs and self-worth. In other words, the people with
self-efficacy consider themselves to be capable and worthy. A strong sense of self-efficacy allows people to feel
free to select the influence, construct their own desirable lives, and even effect changes in themselves and
persevere in tough times. Self-efficacy or self-beliefs make a difference to how people feel, think, and act, such
as in science-related learning or activities. If people feel themselves to be able to control a situation, this
increases their perceived self-efficacy or self-beliefs to manage it. In fact, people with a high level of self-
efficacy are more likely to attribute success to variables within themselves rather than to chance factors and are
more likely to pursue a task (Bandura & Wood, 1989 in Lefton, 1991), subsequently striving towards
accomplishing the task with commendable achievement.

Methodology

Data for the study were drawn from the TIMSS 2015 database
(http:/timssandpirls.bc.edu/timss2015/international-database/). A total of 22,324 Grade 8 students from
Malaysia (N =9,726), Singapore (N = 6,116), Thailand (N = 6,482) participated in the TIMSS 2015 assessment.

Science Achievement

The TIMSS 2015 science achievement scale was based on items involving content (in Biology, Chemistry,
Physics, Earth Science) and cognitive (Knowing, Applying, Reasoning) domains in science. TIMSS uses an
imputation methodology, involving plausible values, to report student performance. Plausible values consisting
of an approach developed by Mislevy and Sheehan (1987, 1989) and based on the imputation theory of Rubin
(1987), are random elements from the set of scores (i.e., random draws from the marginal posterior of the latent
distribution used as a measure of science achievement. The IEA’s International Database (IDB) Analyzer for
TIMSS, a plug-in for SPSS, was used to combine the five plausible values as well as to produce their average
values and corrected standard errors.

Students’ Views on Engaging Teaching in Science Lessons

The Students’ Views on Engaging Teaching in Science Lessons Scale was developed to measure students’ views
on engaging teaching in science lessons. The scale was based on ten items (BSBS22A to BSBS22J). All items
were rated on a 4-point Likert-type scale, ranging from ‘1’ (Disagree a lot) to ‘4’ (Agree a lot).The Cronbach’s
alpha reliability coefficients for the scale were 0.930, 0.935, 0.921 for Malaysia, Singapore, and Thailand,
respectively.

Students Liking for Learning Science

The Students Like Learning Science Scale was developed to measure students’ interest in and liking for learning
science. The scale was based on nine items (BSBS21A to BSBS21l). All items were rated on a 4-point Likert-
type scale, ranging from ‘1’ (Disagree a lot) to ‘4’ (Agree a lot). The Cronbach’s alpha reliability coefficients
for the scale were 0.897, 0.923, and 0.860 for Malaysia, Singapore, and Thailand, respectively.

Students Value Science

The TIMSS 2011 Students Value Science Scale addresses students’ attitudes about the importance and
usefulness of the subject, sometimes called attainment value and utility value (Wigfield & Eccles, 2000). The
scale was based on nine items (BSBS24A to BSBS241). All items were rated on a 4-point Likert type scale,
ranging from ‘1’ (Disagree a lot) to ‘4’ (Agree a lot). The Cronbach’s alpha reliability coefficients for the scale
were 0.890, 0.902, and 0.914 for Malaysia, Singapore, and Thailand, respectively.
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Students Confident in Science

The Student Confident in Science Scale assesses students’ self-confidence or self-concept in their ability to learn
science. The scale was based on eight items (BSBS23A to BSBS23H). All items were rated on a 4-point Likert
type scale, ranging from ‘1’ (Disagree a lot) to ‘4’ (Agree a lot). The Cronbach’s alpha reliability coefficients
for the scale were 0.715, 0.908, and 0.747 for Malaysia, Singapore, and Thailand, respectively.

In addition to these measures, student demographic characteristic such as gender (dummy coded as 0 = ‘female’,
1 = ‘male’) was also included in the study as a control variable.

Results and Findings

Table 2: Descriptive statistics (weighted) with average scale scores for students’ views on engaging teaching in
science lessons, students like learning science, students value science, and students’ confidence in science
Statement Statement Malaysia Singapore Thailand

Code

M SD M SD M SD

Students’ Views on Engaging Teaching in Science

Lessons

BSBS22A I know what my teacher expects 1.67 .679 1.76 .670 1.92 761
me to do.

BSBS22B My teacher is easy to 1.63 .703 1.84 .786 1.65 713
understand.

BSBS22C | am interested in what my 1.63 .700 1.85 .798 1.65 714
teacher says.

BSBS22D My teacher gives me interesting 1.68 730 1.90 .803 1.69 .740
things to do.

BSBS22E My teacher has clear answers to 1.55 .685 1.78 753 1.69 746
my questions.

BSBS22F My teacher is good at explaining  1.50 .653 1.71 742 1.58 711
science.

BSBS22G My teacher lets me show what | 1.75 725 1.93 171 1.75 .748
have learned.

BSBS22H My teacher does a variety of 1.44 .637 1.81 754 1.56 .702
things to help us learn.

BSBS22| My teacher tells me how to do 1.50 .658 1.80 742 1.58 .704
better when | make a mistake.

BSBS22] My teacher listens to what | have  1.72 744 1.84 756 1.71 .750
to say
Average scale score 10.21 (0.05) 9.78 (0.04) 10.20 (0.04)

Students Like Learning Science

BSBS21A I enjoy learning science. 1.46 .644 1.76 .802 1.62 701

BSBS21B I wish | did not have to study 3.48 .739 2.98 .964 3.06 .983
science.*

BSBS21C Science is boring.* 3.40 .769 3.03 .909 291 .980

BSBS21D I learn many interesting 1.39 .613 1.54 701 1.46 .646
things in science.

BSBS21E I like science. 1.52 .692 1.82 .847 1.76 T47

BSBS21F I look forward to learning 1.81 792 1.94 871 2.03 .816
science in school.

BSBS21G Science teaches me how things 1.34 578 1.59 .687 1.54 675
in the world work.

BSBS21H I like to conduct science 1.50 .685 1.63 .804 1.54 726
experiments.

BSBS21I Science is one of my favourite 1.65 174 2.00 .967 1.80 .813
subjects.
Average scale score 10.85 (0.06) 10.29 (0.04) 10.34 (0.05)

Students Value Science

BSBS24A I think learning science will help  1.54 .660 1.63 .700 1.41 .605

me in my daily life.
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BSBS24B I need science to learn other 1.69 782 2.05 .845 1.68 724
school subjects.

BSBS24C I need to do well in science to 1.68 .696 1.73 .780 1.54 .690
get into the university of my
choice.

BSBS24D I need to do well in science to 1.70 716 1.88 .863 1.57 715
get the job | want

BSBS24E I would like a job that involves 1.88 .849 2.20 978 1.86 .848
using science.

BSBS24F It is important to learn about 1.64 .647 1.66 719 1.55 .692
science to get ahead in the
world.

BSBS24G Learning science will give me 1.68 .700 1.69 751 1.57 .695
job opportunities when I am an
adult.

BSBS24H My parents think that it is 1.69 710 1.65 721 1.64 719
important that | do well in
science.

BSBS241 It is important to do well in 1.65 .666 1.50 .649 1.54 .687
science.
Average scale score 10.37 (0.04) 10.24 (0.03) 10.75 (0.04)

Students Confident in Science

BSBS23A I usually do well in science. 282 1204 214 .855 2.01 .703

BSBS23B Science is more difficult for me 231 1182 275 .891 2.33 .896
than for many of my
classmates.*

BSBS23C Science is not one of my 236 1185 2.62 .985 2.40 .939
strengths.™

BSBS23D I learn quickly in science. 294 1110 220 .838 2.15 .765

BSBS23E I am good at working out 263 1241 243 .868 2.26 .789
difficult science problems.

BSBS23F My teacher tellsme l amgoodat 2.46 1236 2.57 .870 2.52 .859
science.

BSBS23G Science is harder for me than 220 1151 282 .924 2.39 .930
any other subject.*

BSBS23H Science makes me confused.* 221 1164 2.68 .946 2.46 .958
Average scale score 8.66 (0.03) 9.66 (0.04) 9.32 (0.03)

Note: 1 = Disagree A Lot, 4 = Agree A Lot; Standard errors appear in parentheses; * negatively-worded item

Based on the average scale scores as shown in Table 2, Malaysian and Thai students engaged in the science
lessons the most as compared to Singaporean students. Malaysian students liked learning science the most as
compared to Singaporean and Thai students. On the other hand, Thai students valued science the most whereas
Singaporean students expressed their confidence in their science ability the most.
Tables 3 to 6 show the percentage of Southeast Asian students who engaged in science lessons, liked learning
science, valued science, confident in science with their average science achievement, respectively.

Students’ Views on Engaging Teaching in Science Lessons

Table 3: Students’ views on engaging teaching in science lessons

Very Engaging

Engaging Teaching

Less than Engaging

Country N Teaching Teaching Average
% Average % Average % Average Scale

Achievement Achievement Achievement Score

Malaysia 9581 48.69 489.30 42.25 467.01 9.07 407.69 10.21
(1.39) (3.55) (.98) (4.83) (.84) (10.41) (0.05)

Singapore 6086 35.04 606.47 51.78 594.96 13.19 5771.77 9.78
(.92) (4.06) (.74) (3.28) (.84) (5.23) (0.04)

Thailand 6451 49,51 460.83 42.25 451.59 8.24 450.94 10.20
(1.23) (4.14) (.89) (4.78) (.65) (8.16) (0.04)
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Average 44.41 518.87 45.42 504.52 10.17 478.80 10.06
(.69) (2.27) (51) (2.51) (.45) (4.74) (0.03)

Note: Standard errors in parentheses

On average, 49% of the Malaysian eighth grade students reported being very engaged during their science
lessons. 42% reported being engaged and another 9% reported being less than engaged in science lessons. Very
engaged students had higher science achievement than their counterparts who reported being engaged and
students who were less than engaged (489 vs. 467 and 408, respectively). In contrast, only 35% of the
Singaporean eighth grade students reported being very engaged during their science lessons, 52% reported being
engaged, and another 13% reported being less than engaged. Engaged students had higher science achievement
than their counterparts who reported being engaged and less than engaged (606 vs. 595 and 578, respectively).
Almost 50% of the Thai eighth grade students reported being very engaged during their science lessons. 42%
reported being engaged and another 8% reported being less than engaged in science lessons. Very engaged
students had higher science achievement than their counterparts who reported being engaged and students who
were less than engaged (461 vs. 452 and 451, respectively).

Students Like Learning Science

Table 4: Students like learning science

Very Much Like Like Learning Do Not Like Learning

Country N Learning Science Science Science Average
% Average % Average % Average Scale
Achievement Achievement Achievement Score
Malaysia 9615 51.48 498.45 41.52 453.59 7.00 389.27 10.85
(1.33) (3.17) (1.00) (5.03) (0.66) (10.34) (0.06)
Singapore 6084 38.01 622.25 47.47 588.30 14.52 558.06 10.29
(.84) (3.84) (.76) (3.26) (.62) (4.49) (0.04)
Thailand 6421 37.19 477.48 54.67 445.10 8.14 433.72 10.34
(1.29) (4.45) (1.09) (4.32) (.60) (6.79) (0.05)
Average 42.23 532.73 47.88 495.66 9.89 460.35 10.49
(.68) (2.23) (.56) (2.46) (.36) (4.39) (0.03)

Note: Standard errors in parentheses

Table 4 presents the Grade 8 students’ results for the Students Like Learning Science Scale in TIMSS 2015. On
average, 51% of the Malaysian students like learning science very much and only 7% do not like learning
science as compared to 38% of the Singaporean students who like learning science very much and 15% do not
like learning science and 37% of the Thai students who like learning science very much and only 8% do not like
learning science. Accompanying the decrease in liking learning science is a widening achievement gap between
students who like learning science very much and those who do not like learning science: Malaysian students
(498 vs. 389), Singaporean students (622 vs. 558), Thai students (477 vs. 433), respectively. It can be concluded
that students who liked learning science very much had higher average science achievement than those who
liked or did not like learning science.

Students Value Science

Table 5: Students value science

Strongly Value Value Science Do Not Value Science

Country N Science Average
% Average % Average % Average Scale
Achievement Achievement Achievement Score
Malaysia 9455 37.90 482.65 53.52 481.45 8.58 386.58 10.37
(.96) (3.36) (.83) (4.30) (.80) (8.88) (0.04)
Singapore 6077 37.37 621.01 53.07 588.51 9.56 547.81 10.24
(.75) (3.38) (.73) (3.37) (.51) (4.67) (0.03)
Thailand 6446 49.35 472.22 44.81 442.48 5.85 426.86 10.75
(1.15) (4.61) (1.06) (4.25) (.40) (7.15) (0.04)
Average 41.54 525.29 50.46 504.15 8.00 453.75 10.45
(.56) (2.21) (.51) (2.31) (.35) (4.11) (0.02)
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Note: Standard errors in parentheses

Table 5 presents the results for the TIMSS 2015 Students VValue Science Scale for Grade 8 students. On average,
38% of the Malaysian students strongly value science and only 9% do not value science as compared to 37% of
the Singaporean students who strongly value science and 10% who do not value science, and 49% of the Thai
students strongly value science and only 6% who do not value science. Accompanying the decrease in valuing
science is a widening achievement gap between students who strongly value science and those who do not value
science: Malaysian students (483 vs. 387), Singaporean students (621 vs. 548), and Thai students (472 vs. 427).
Hence, across Grade 8, students who said they strongly valued science typically had higher achievement than
students who valued it, and those students, in turn, had higher achievement than students who did not value
science.

Students’ Confidence in Science

Table 6: Students’ confidence in science

Very Confident in Confident in Science Not Confident in
Country N Science Science Average
% Average % Average % Average Scale
Achievement Achievement Achievement Score
Malaysia 9503 5.57 511.99 25.25 455.34 69.18 476.78 8.66
(.33) (5.26) (.64) (4.80) (.70) (4.22) (0.03)
Singapore 6083 16.93 633.02 39.53 608.30 43.54 572.10 9.66
(.65) (4.74) (.65) (3.46) (.86) (3.50) (0.04)
Thailand 6440 6.82 512.75 36.57 467.35 56.61 442.09 9.32
(.46) (6.34) (.95) (4.58) (1.14) (4.18) (0.03)
Average 9.77 552.59 33.78 510.33 56.44 496.99 9.21
(.29) (3.17) (.44) (2.49) (.53) (2.30) (0.02)

Note: Standard errors in parentheses

Table 6 presents the Grade 8 students’ results for the TIMSS 2015 Students’ Confidence in Science Scale. On
average, only 6% of the Grade 8 students in Malaysia expressed confidence in their science ability, with 25%
confident in science, and 69% not confident in science. On the other hand, 17% of Singaporean students, on
average, expressed confidence in their science ability, with 40% confident in science, and 44% not confident in
science. 7% of the Grade 8 students in Thailand expressed confidence in their science ability, with 37%
confident, and 57% not confident in science. Accompanying the decrease in confidence in science is a widening
achievement gap between students who are very confident in science and those who are not confident in science:
Malaysian students (512 vs. 477), Singaporean students (633 vs. 572), and Thai students (513 vs. 442),
respectively. Hence, across Grade 8, students who expressed confidence in their science ability typically had
higher achievement than students who were confident, and those students, in turn, had higher achievement than
students who were not confident in science.

Correlation and simultaneous multiple regression analyses were conducted separately for each education system
to determine whether or not students’ views on engaging teaching in science lessons and attitudes toward science
were predictive of their science achievement (see Table 7 and Table 8).

Table 7: Correlations between students’ views on engaging teaching in science lessons, students liking science,
students value science, students’ confidence in science with science achievement

Malaysia
ESL SLS SVS SCS Science
r SE r SE r SE r SE r SE
ESL 1.00 .00 70* .01 A1* .03 -.14* .02 23* .03
SLS 1.00 .00 37* .02 -.25* .01 .35* .03
SVS 1.00 .00 -.01 .01 .20* .03
SCS 1.00 .00 -.16* .02
Science 1.00 .00
Singapore
ESL SLS SVS SCS Science
r SE r SE r SE r SE r SE
ESL 1.00 .00 .63* .01 .50* .01 .50* .01 .08* .02
SLS 1.00 .00 .62* .01 J1* .01 27* .02

149



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 18 - 21, 2017 Ephesus-Kusadasi/Turkey

SVS 1.00 .00 48* .01 .25% .02
SCS 1.00 .00 24% .02
Science 1.00 .00
Thailand
ESL SLS SVS SCS Science

r SE r SE r SE r SE r SE
ESL 1.00 .00 .66* .01 .61* .01 A41* .01 07* .03
SLS 1.00 .00 57* .01 .58* .01 22% .02
SVS 1.00 .00 .35% .01 21% .02
SCS 1.00 .00 A7 .02
Science 1.00 .00

*p < 0.05; ESL- Engaging Science Lessons; SLS — Students Liking Science; SVS — Students Value Science;
SCS - Students’ Confidence in Science

The results in Table 7 indicated that Grade 8 students’ views on engaging teaching in science lessons, liking,
valuing, and confidence of learning science were significantly associated with science achievement (r = 0.16 to
0.35 for Malaysia; r = 0.08 to 0.27 for Singapore, r = 0.07 to 0.22 for Thailand). However, Malaysian students’
confidence in science was negatively correlated with their science achievement. Southeast Asian students’ views
on engaging teaching in science lessons, liking, valuing, and confidence of learning science were also
moderately and significantly correlated among each other (r = 0.14 to 0.70 for Malaysia, r = 0.48 to 0.71 for
Singapore, and r = 0.35 to 0.66 for Thailand).

Table 8: Grade 8 students’ views on engaging teaching in science lessons and attitudes towards science in
predicting their science achievement

Malaysia Singapore Thailand
p SE p SE p SE

Constant 308.52* 25.22 469.79* 10.98 333.23* 15.88
Gender -6.10* 3.01 -5.95 3.40 -15.36* 4,55
Engaging in Science Lessons -2.55 1.31 -9.19* 1.18 -11.07* 1.90
Students like science 16.12* 1.32 9.76* 111 9.44* 1.29
Students value science 5.47* 1.19 7.95* .98 9.09* 1.54
Students confident in science -4.33* .82 3.95* .89 5.14* 1.36
Adjusted R® 13 11 .09

*p <0.05

Based on Table 8, the largest £ value (16.12 and 9.76, respectively) of students like science suggests that this
variable makes the strongest unique significant contribution to explaining science achievement for the Malaysian
and Singaporean samples, when the variance explained by all the other variables in the model is controlled for.
The significant S values (4.33, 3.95, and 5.14) of students confident in science for Malaysian, Singaporean, and
Thai samples were the lowest indicating that students confident in science made the least contribution to their
science achievement. Malaysian grade 8 students’ confidence in science showed an inverse contribution to
science achievement. On the other hand, Malaysian and Thai female students scored significantly higher than
their male counterparts on the TIMSS 2015 science assessment.

Conclusion

The results of the present study indicated that Southeast Asian eighth graders’ views on engaging teaching in
science lessons, liking, valuing, and confidence in learning science were positively and significantly associated
with their science achievement in TIMSS 2015 except for the relationship between students confidence in
science with science achievement for Malaysian samples. Southeast Asian eighth graders’ liking, valuing, and
confidence in science also showed significant predictive effects on their science achievement except for
Malaysian grade 8 students’ confidence in science which showed an inverse contribution to science achievement.
On the other hand, Malaysian and Thai female students scored significantly higher than their male counterparts
on the TIMSS 2015 science assessment. It is noteworthy to understand that the relationship between positive
attitudes and high achievement is bidirectional, with attitudes and achievement mutually influencing each other,
e.g., students who are good at science also are more likely to enjoy learning science. Due to the fact that this
study was a non-experimental survey research using secondary data drawn from the TIMSS 2015 database, it is
highly recommended that an experimental research design should be adopted to further investigate the predictive
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effects of students’ views on engaging teaching in science lessons and attitudes toward science on students’
science achievement in future researches.
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Abstract: Workplace expectations and scenarios in this 21st century require human capitals who are equipped
with competencies to embark in the STEM related careers. Therefore, marginalized children need to be prepared
and upgrade themselves. Analytical scrutiny of marginalized children talent development often found low self-
concept as the most important factor which inhibit their learning development. It is argued that effort to enhance
self-concept among marginalized learners must be revolved around their surroundings. Conducive and
meaningful learning environment need to be crafty designed to suit their needs and tendencies. In this study, self-
concept covers evaluative appraisal of oneself in both the academic and non-academic aspects. This study is
aimed to determine the effect of Learning Outside the Classroom (LOC) primary science module towards
enhancing self-concept among marginalized learners’ in Malaysia. By employing a quasi-experimental with pre-
test post-test, nonequivalent control group research design, a total of some 73 primary school marginalized
learners were involved in the study. The treatment group used LOC primary science module while the control
group experienced learning using conventional module prepared by the Ministry of Education. In the treatment
group, teaching and learning processes occurred outside the classroom using particularly flora and fauna within
their surroundings. Self-concept was evaluated using Self Descriptive Questionnaire (SDQ). Data obtained were
analyzed using MANOVA repeated measures. Analysis of findings lead to inference that there was a significant
main effect of group in shaping the children’s self-concept. This study concludes that LOC modules, which carry
in itself meaningful and fun science learning experiences has successfully developed marginalized children self-
concept. It is then suggested that similar learning modules as developed in this study, be developed across other
themes as envisaged in the science primary curriculum for marginalized children.

Keywords: Learning outside classroom, marginalized children, primary science, self-concept, module

Introduction

In a knowledge-based society in the 21st century where information is rapidly changed, education plays a very
important and crucial role in meeting the demands for large scale of human capital workforce which based on
scientific knowledge. Workplace expectations and scenarios in this 21st century require human capitals who are
equipped with competencies to embark in the STEM related careers. This situation also applies to marginalized
communities. Therefore, marginalized learners need to upgrade themselves through school education in order to
prepare for new era society. Besides reducing individual’s gap, the level of competence among every learner
should be increased too and this according to Min & Mi (2015) can be done through education in schools. This is
because marginalized learners often associated with lower academic achievement and self-concept when
compared with learners in the mainstream flow. Such situation is not only happening in Malaysia, but also
occurs in other countries such as United States, Canada, New Zealand and Australia (Anderson, 2014; Arens et
al., 2014; Bishop, 2010; Bodkin-Andrews, Dillon & Craven, 2010; Chigeza, 2011; McEwan & Trowbridge,
2007; Prout & Hill, 2012). This is consistent with Prout & Hill (2012) which states that there are differences
exist globally between the education level of native learners and non-native learners in their respective countries.
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Malaysia, a developing country in the 21st century is constantly working to improve the level of education
among its people. Therefore, marginalized learners should strive to improve themselves through education in
order not to be left behind in this development when compared with other communities. Through education,
marginalized learners can and will be able to move forward and adapt themselves in this new era society. In
addition, it also provides the learners for a future that requires knowledge and application skills in a highly
competitive job (Trilling & Fadel, 2009)

Efforts to raise the level of education among marginalized learners in Malaysia have always been given serious
consideration. Therefore, factors that affect science academic achievement should be identified and studied so
that a nation of high competence and high achievers can be realized. Analytical scrutiny of marginalized children
talent development often found low self-concept as the most important factor which inhibit their learning
development. In recent years, many previous studies showed a positive relationship between self-concept and
academic achievement (Craven & Marsh, 2008; Guay, Marsh & Boivin, 2003; Leibham 2005). According to
Guay, Marsh & Boivin (2003) and Stipek (2002), self-concept is an important factor in influencing behavior and
academic achievement in school as a child will behave in a manner consistent with self-confidence. In addition,
OECD (2003) found that many policy documents to support that positive self-concept as an important outcome
of education. This is in line with Craven et al. (2008) stating that learners with higher self-concept in academic
are more likely to show a better attitude, psychological well-being and showed a good performance in
achievement tests.

In addition, conducive and simulative learning environment are very important factors in ensuring effective
learning process and that will lead to the enactment of meaningful learning among marginalized learners.
Conducive and meaningful learning environment need to be crafty designed to suit their needs and tendencies.
Hence, Learning Outside Classroom (LOC) module produced by researchers with the application and
implementation of activities based on the environment in the process of the teaching and learning (T&L).
Intervention or modules that can determine and enhance the level of self-concept among marginalized learners in
primary schools in needed. Therefore, LOC module aims to determine it’s effect on self-concept of marginalized
learners in Malaysia. Malaysia's desire to become a modern and developed country would be achieved if all
communities have a high level of education.

Theoretical Framework of Loc Module

The instructional design model used in LOC module is based on the Morrison, Ross, Kalman and Kemp Model
(MRKK) (Morrison et al., 2013). This model became the basis for the development of the module prepared by
the researchers in this study. It has nine major elements arranged in an oval shaped cycle and is not linear. This
means that the instruction can start anywhere deemed appropriate. The cycle has no starting point or ending
point. The process of review and evaluation will take place as an ongoing basis to improve instruction.

LOC module applied several learning theories, namely Behaviorist Learning Theory, Cognitivist Learning
Theory, Constructivist Learning Theory and Contextual approach. Behaviorist Learning Theory emphasizes
behavioral changes that can be observed and measured by the teacher. Meanwhile, the Cognitivist Learning
Theory which emphasizes information processing in the mind also included in this module. Contextual approach
that stimulates a person’s mind to find meaning in context by making meaningful and relevant relationship to
their environment also be applied. The sequence of information presentation during the T&L process is based on
Needham’s Five Phase Constructivist Learning Theory (Needham, 1987) which involves the orientation phase,
eliciting ideas, restructuring of ideas, application of ideas and reflection. With these, it is able to create learning
environment that stimulates and increase self-concept among marginalized learners.

LOC module requires teacher to bring marginalized learners out of the classroom for T&L science. This
approach is different from the inquiry method practiced by teachers in remote areas where the T&L process
always occurs in the classroom. It will give the marginalized learners a more comfortable feeling and a feeling of
being close to the environment. This is due to the environment is an important element in their daily lives.
Therefore, learning activities involving the environment will be of interest to them (Ma’rof & Sarjit, 2008) and
also create a conducive learning atmosphere for marginalized learners.

Although LOC approach can help to build a dynamic knowledge and explore the skills and abilities of learners
(Smith & Sobel, 2010), it is not emphasized in the existing module for marginalized learners in Malaysia (CCD,
2013). Therefore, its application in remote schools can be narrowed down to zero. This LOC approach can be
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used as an alternative to the T&L method that implemented in schools. With this, hopefully marginalized
learners will find science to be interesting to learn. Thus, it will create positive impact on self-concept toward
learning science. The conceptual framework discussed can be visualized as shown in Figure 1 below.

Needham’s Five Phase
Constructivist Model
Orientation

1.
.l%p]iruadl Outade i 2. Eliciting ideas
. Leaming Outside the 3 turin
= . Restru f
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Learning Theory
1. Behaviorism
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Figure 1. Theoretical framework

Objectives
This study aimed to determine the effects of LOC science module toward enhancing self-concept of Year Two
marginalized learners in remote area in Sarawak, Malaysia. It is believed that with the use of this module, it will

give opportunity to teachers to implement alternative approach beside the conventional teaching uses inquiry
strategies practiced in remote schools in Malaysia.

Methodology
Research Design
This study employed quasi-experimental of the type pre-test post-test, non-equivalent control group design. Both
the experimental and control group were tested with pre-test and post-test before and after the intervention

implemented as shown in Table 1.

Table 1. Pre-test post-test, non-equivalent control group design

Group Test Intervention Test
Control Pre-test Inquiry Post-test
Experimental Pre-test LOC science module Post-test

This study was conducted in four schools in the remote part in the state of Sarawak, Malaysia. Two schools
served as experimental group using LOC science module and two other schools as control group using inquiry
module during T&L. The independent variable in this study is the study group, namely control and experimental
group. While dependent variable is self-concept. In this study, the topic of ‘Plant’ has been selected based on a
preliminary analysis of the difficulty level of topics in Year Two science subject that was administered to four
science teachers teaching Year Two science and 59 Year Three learners in marginalized schools. Both teachers
and learners gave the same view that they rated ‘Plant’ as the one of the most difficult topic in Year Two science
subject.

Respondent

The respondents comprised of Year Two learners (8 years old) from four marginalized primary schools in
remote part of Sarawak, Malaysia. Since each school has a low number of Year Two learners, each of the control
155



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 18 - 21, 2017 Ephesus-Kusadasi/Turkey

group and the experimental group need to be covered by a combination of two schools in order to make sure that
the number of respondents are more than 30 for each group. Thus, a total of 73 respondents participated in this
study in which the control group consisted of 35 Year Two learners and the experimental group consisted of 38
Year Two learners. Schools are selected based on criteria such as the level of learners’ competency (based on the
results of the Primary School Achievement Test) and school band category.

Instrument

Instrument used in this study is Self-Concept Questionnaire (SCQ). SCQ was taken from Leibham (2005), which
adapted from Self Descriptive Questionnaire - |1 (SDQ - I) in Marsh (1990). However, only three categories in
SDQ - | were selected for this study, namely general construct, science construct and social construct. After the
verification process by experts and pilot test conducted, SCQ contain 18 items which consists of 6 items from
general construct, 5 items from science construct and 7 items from social construct in the form of a 3-point
Likert scale of "1 = Not True", "2 = Not Sure" and "3 = True". The reliability of SCQ is high with alpha
Cronbach coefficient value more than 0.70.

Procedure

After pilot test, correction and improvements was done to the module and instrument before administered them
in the actual study. SCQ was administered to respondents in both groups before the T&L on plants as pre-test to
determine the homogeneity level of self-concept between the control and experimental groups. Control group
used inquiry module while experimental group used LOC module during T&L session. A five-week period is
required to complete the ‘Plants’ topic. At the end of the T&L session, SCQ administered again to the same
respondents in both groups as post-test. SCQ administered by the provisions of the same time taken before and
after the T&L session on ‘Plant’ topic in both control and experimental groups.

Analysis

Quantitative data obtained through SCQ before and after the T&L session in both the control and experimental
groups were analyzed using descriptive statistics and inferential statistics. All data compiled and summarized in
table form for easy analysis reports and presentations made.

Independent samples T-test conducted on the data collected during the pre-test to determine the level of
homogeneity of the self-concept between the two groups involved. MANOVA 2x2x3 repeated measures analysis
was used to determine the effect of LOC science module in enhancing self-concept. Repeated measures involves
two study groups (control and experimental), two time (pre-test and post-test) and three constructs of self-
concept (general, science and social).

Research Findings
Homogeneity Of Self-Concept

Homogeneity analysis of the level of self-concept between the control and experimental groups using T-test
Independent samples at the 0.05 significant level found that there was no significant difference between control
and experimental groups with pre-test mean score of self-concept, t = 1.940 and df = 71, p > 0.05. The findings
show the control and experimental groups were homogeneous in terms of self-concept before the study was
conducted. The homogeneity between the two groups allows comparison to be performed on the effects of LOC
science module in the learning of ‘Plant’ topic among marginalized learners. Table 2 shows the analysis of the
Independent-samples T-test of pre-test mean score for self-concept according to groups.

Table 2. Independent t-test pre-test mean score of self-concept according to groups
Dependent variable t df p Mean Difference

Pre-test self-concept 1.940 71 .056 109
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Self-Concept

MANOVA repeated measures 2x2x3 analysis was used to determine the effect of LOC science module in
enhancing self-concept. The findings showed that there was significant main effect of group on self-concept [F
(3, 69) = 4.618, p> 0.025] with an effect size of 0.167. Data showed that there was no significant main effect of
time on self-concept [F (3, 69) = 2.016, p> 0.025] with effect size of 0.081. The effect of the interaction between
time with the group is also not significant to the self-concept [F (3, 69) = 0.766, p <0.025] with effect size of
0.032. Results are shown in Table 3 below.

Table 3. Multivariate test

Effect f/‘;}z‘es Trace o df1 df2 D gg;g?;('fta
Group 0.167 4618 3 69 0005  0.167
Time 0.081 2016 3 69 012 0081
Group * Time 0032 0766 3 69 0517  0.032

Significance level = 0.025

However, further analyses as shown in Table 4 found that there is no significant main effect of group on all the
three constructs of self-concept, namely general construct [F (2, 69) = 1.675, p <0.025] with an effect size of
0.023, science construct [F (2, 69) = 3.016, p <0.025] with an effect size of 0.041 and social construct [F (2, 69)
= 2.143, p <0.025] with an effect size of 0.029. This means that the level of self-concept among marginalized
learners generally has not been increased significantly.

Table 4. Effect within subjects test

Effects ngf:tﬂgnt _Sr?)l:;red df g/lq ?Ja;re d F p Partial Eta

Group General 0.341 1 0.341 1.675 0.200 0.023
Science 0.484 1 0.484 3.016 0.087 0.041
Social 0.295 1 0.295 2.143 0.148 0.029

Significance level = 0.025

Discussion

The findings indicate that the LOC science module is not effective in enhancing self-concept among
marginalized learners as a whole. Although result showed significant main effects of group, but further analyses
indicate no significant main effect on all the three constructs of self-concept. This concluded that LOC science
module did not give significant positive impact toward self-concept of marginalized learners in this study. But
for descriptive comparison purposes, it can be said that LOC science module is better than the inquiry module.
This is because marginalized learners in the control group showed decreased in the level of self-concept whereas
it increased in the experimental group. But the level of increment of self-concept among marginalized learners in
the experimental group is not significant.

Failure to increase the level of self-concept among marginalized learners did not necessarily represent that the
LOC science module is not good. Such insignificant increase may likely due to the change of strategy or
approach of T&L used by teachers in the experimental schools that creates negative impact on self-concept of
marginalized learners. A drastic change from the inquiry approach to the implementation of activities that are
more learner-centered in LOC module has brought something unusual and uneasy for these marginalized
learners. This resulted in negative impact which Ayla (2016) also reported in the study that carried out in
Turkey.

Another reason may be related to the existing level of marginalized learners’ self-concept for learning as a
whole. Many studies reported that these marginalized learners have lower cognitive level compared with
mainstream learners. This directly affects the self-concept of marginalized learners where the level is still
considered low and is at an unsatisfactory level. Abdull Shukor Shaari et al. (2011) and Asnarulkhadi Abu
Samabh et al. (2007) also reported that marginalized learners in Malaysia do not show enthusiasm in the learning
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process. The learning process only occurred when they are in school and not at home. Moreover, marginalized
parents were less attentive and less concerned with their children’s education.

Conclusion

LOC module used in this study found no significant positive impact towards improving the self-concept among
marginalized learners in Malaysia toward the topic of ‘Plant’. The self-concept among marginalized learners still
remain at unsatisfactory level despite various initiatives have been undertaken by the Ministry of Education.
Continuous low level of self-concept among marginalized learners will bring them at risk of being left behind in
the aspect of education. This is taken seriously especially by educators because it will lead to increase dropout
rates and science academic achievement degradation if not managed properly. Therefore, drastic measures and
more practical intensive programs such as curriculum that integrates the environment and culture of
marginalized people must be created so that marginalized learners can see the relevance of science learned at
school in their daily lives. As reported by Ayla (2016), a review of the science curriculum that is more focused
on matters relating to life directly affect the environment in the classroom and in turn have a positive impact on
learners learning in Turkey. In addition, the new curriculum for marginalized learners need more focus on
aspects of psychomotor and affective than cognitive as practiced by mainstream learners. This is because
marginalized learners are poor in cognitive aspect when compared with mainstream learners. The aim is to
produce human capital among marginalized communities in the 21st century for a future that requires knowledge
and skills in a job application that is highly competitive.
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