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ABSTRACT: This paper deals with inclusive teaching to the children with problems in intellectual development
and sand-blind children. In the Republic of Serbia children with special needs are included in regular classrooms
in the Primary schools and that is called inclusive teaching. Inclusive teaching strategies are of great importance
in order to help children with special needs to attend classes with the children of the same age. Their difficulties
in the learning process require special developed curriculum custom to them. In teaching physics the use of
simple experiments could be of great help. While conducting simple “Hands-on” experiments, children become
active participants in teaching process and also it helps their socialization with their classmates. It is very
important to choose adequate simple experiments so child can be included in its conduction, despite of his or her
problem. It is necessary to create a friendly atmosphere in the classroom. When sand-blinded child is included in
conducting simple experiments, his or her classmates must sometimes describe phenomena and compensate their
friend’s inability of observation. Usually classmates will not be able to help their friend with problems in
intellectual development to understand how experiment should be conducted. In this case, the teacher will have
to provide additional assistance in conducting the experiment and also in the process of drawing conclusions.
Teacher must be careful in creating groups for conducting experiments, so regular students will accept their
classmates with special needs. In this paper, a suggestion of some adequate simple experiments for teaching
physics to the children with special needs is given. Experiments in the fields of motion, pressure, density, heat,
electromagnetism and sound are proposed.

Key words: physics, simple experiments, special need children
INTRODUCTION

The process of inclusion is based on the assumption that every student has equal rights regardless of the
capabilities and individual differences. The inclusion of children with special needs in regular classes of general
education and vocational schools requires some adjustment of the educational system to their needs (Alper &
Ryndak, 1992; Clark et al., 1995; Hunt et al., 1994). The education system should be directed to the individual
abilities of children enabling the participation of children with special needs in everyday life in schools and local
communities. To achieve this, the necessary changes are not only within the school system and its adaptation,
but also in society. Inclusive education needs to ensure active participation and learning of children with special
needs, as well as identifying, reducing or eliminating barriers to their participation and learning. Barriers to
inclusive education can be: psychosocial that are a result of lack of information about people with disabilities
and result in negative attitudes and intolerance, as well as ignoring and social rejection; physical obstacles such
as a lack of adaptation of the entrance to the building, not adapted public transport for persons in wheelchairs,
lack of audio signals and tactile paths, pavements with high side banks...; institutional barriers that illustrate the
way in which social institutions contribute to isolation or exclusion of inclusive person from various forms of
social life (Logan et al., 1997; Logan & Malone, 1998).
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Education of children with disabilities and difficulties in development took place in special educational
institutions. Defectologists dealt with education of children, their development and rehabilitation. In recent
years, children with difficulties in development can attend a regular school, under the supervision of professional
pedagogical and psychological services. Children with disabilities and developmental disabilities and persons
with disabilities are given the possibility to access to equal education and training, enabling them to develop
their abilities to the maximum. The basic question in the context of inclusive education is the way to organize
the regular classes that should meet the educational needs and specificities of children with disabilities and other
children in the class. Characteristic of inclusive schools is encouraging of each student to learn and progress
according to his/her abilities (Hay, 1997). A new way of thinking during the formation of the inclusive school
states how school should better organize classes, and teaching and learning processes. Educational activities
should adapt to the needs and abilities of children with disabilities and other children. Teachers prepare for
classes individually for each child with special needs with occasional consultation with the pedagogical -
psychological services. It is necessary to work on creating the most favorable social and emotional climate in the
classroom. For the realization of this teaching approach, it is necessary to organize individualized lessons and to
enable a greater communication between students. In the ordinary education there is no systematic support and
adaptation to the special educational needs of students, because of that their achievement is minimal, so many
children repeat a grade or drop out. Teachers in classes with great number of students are not sufficiently
prepared nor motivated to working with these groups of children. Most regular schools are largely unprepared
for the education of children with disabilities and developmental difficulties because they are not prepared in
regards to teaching staff, programs, technical and physical support (Wisniewski & Alper, 1994). Various studies
suggest that teachers are not willing to work with students with special needs and conditions are unsatisfactory
for the inclusion of these children in regular schools. The aim of this paper is to show the importance of the
application of simple experiments in physics teaching in elementary schools, which allow students with special
needs to acquire knowledge about physical phenomena and processes in a simple way. The experiments are
appropriate for students with reduced intellectual ability, students with difficult orientation in space, visually
impaired students and the students with any developmental disability.

APPLICATION OF SIMPLE EXPERIMENTS IN INCLUSIVE EDUCATION

Contemporary teaching in schools should be directed towards improving and rewarding thinking. It is imperative
in education today to overcome the classical teaching of physics, which stimulates the "correct” answers, which
are often a repetition of definitions and memorizing without understanding the term, by stimulating individual
thinking and the use of experiential knowledge. Since the spontaneous organizing concepts acquired through
experience does not use scientific methodology based on experimental verifications, the existing empirical
knowledge of students is mainly different from scientific knowledge, and the answers that are based on it are
often wrong. However, on the culture of thinking such responses should be encouraged, corrected, and even
awarded and used as a basis for further intellectual development of students. The introduction of the basic
concepts of natural science since the first grade of compulsory education refers to the importance of
systematization of empirical knowledge of the students and the gradual development of concepts depending on
the level of knowledge and level of development of the students. Simple experiments have an important role in
the process of acquiring knowledge through thinking. They allow the student to check their own hypotheses
about the studied phenomena, as well as the application of theoretical knowledge in practical situations and
solve new problems. The student, alone or in group, can find in his conceptual model of phenomena detail which
leads to disagreement with observation, as well as the way it should be adjusted to achieve agreement between
assumptions and actual events.

Simple experiments are of particular importance when it comes to inclusive education. The teacher's role is to
act as a mediator, carefully selecting experiments, to direct students with developmental disabilities and enable
them to independently carry out experiment. In this way, in addition to understanding the physical phenomena,
which is demonstrated by experiment, students’ manual skills are developed; we promote self-reliance,
individual thinking and stimulate the use of experiential knowledge to develop awareness of their own
knowledge and skills (Maker et al., 1994; Sindelar et al., 1989).

The treatment of teaching themes

With students are treated different themes: motion, pressure, heat, electricity and magnetism... Simple
experiments that are conducted are adapted to the specific needs of each student.
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For treatment the theme "motion™ is proposed an experiment available to sand-blind students, called "How to
make a cup to slide faster?" The goal is to show the impact of the slope and the properties of the contacting
surfaces of the body and the substrate on the speed of motion of the body. The material needed for conducting
experiment is a thin board length 1 - 1,5 meters, clear plastic cup, hot and cold water and a few books. Students
form an inclined plane by settings it on several books. They set a slope of the board to make cup slide down on
an inclined plane. Then alternately immerse the upper end of the cup in the cold and into the warm water and
noticed when cup more quickly slide down the board. In order to make cup to start sliding down the inclined
plane it is necessary to place slope at adequate angle. Sand-blind students have the opportunity to change the
slope of the board, feel if objects are moistened and to distinguish hot and cold water. With one hand they hold
sup, and with other hand they are waiting to cup slides off. Independently conducting experiments the student
can understand that speed of cup depends on angle of inclined plane, as well as friction, which reduces by
immersing the upper end of the cup in cold or warm water. In working with sand-blind student a metal plate, that
will make a sound effect when object slides down, should be placed, that allows the student to determine easier
time of motion and it helps them to clarify the characteristics of mation.

For treatment the theme "pressure" are proposed experiments by which the dependence of the pressure on force
or surface is observed. The material required for conducting experiments is graphite pen with a pointed tip,
modeling clay and sand. If student press with fingers the pen from both ends in the same way or with the same
force, finger which acts on the tip of pen will hurt students. Of equal amounts of modeling clay students make
different body shapes (rectangular, cube, shape of the letter T ...) and posed them on a sandy substrate. Based on
the touch sand-blind students perceive that objects with smaller surface leaves deeper traces, that is the pressure
is greater if the surfaces of the body is smaller. This experiment requires students’ manual activity, so it is
recommended for students of reduced intellectual ability. In order to illustrate the effect of the atmospheric
pressure can be conducted experiment "How a straw reserves the juice?" Material needed is a straw, and a glass
of juice. Straw is placed in the juice and with mouth air is extracted until the juice is not lifted to half of straw.
The upper end of the straw should be closed with finger so that air can not enter into it and straw is pulled out of
the glass. Juice remains within the straw because the air pressure acting on all sides equally (acts as well on the
bottom) does not allow the juice to leak. This experiment is recommended for working with students with
intellectual disabilities and sand-blind students.

Experiment "Obedient bubble", on the basis of which it is possible to check the Archimedes’ law, is suitable for
treatment the theme "density". The required material is: balloon, salt, paper clips, larger pot and water. The
balloon is filled with water so that in it there is no air, then should be tied the knot, balloon made heavy with
paper clips and put in a pot of water. Since the gravity acting on the balloon is greater than the buoyancy force

(5 ) lfp , the balloon sinks. If we pours salt in the water, solution density is increasing and in the case Q = pr ,

the balloon floats and for (j( pr, balloon is floating on the surface. Students with intelectual disabilities

visually tracked that with adding salt balloon is made to float. Thus, they concluded that adding salt increases
the density of water, and because of that the balloon can float. Sand-blind student is independently conducted
experiment, so he is adding salt with one hand and with the other hand he felt how the balloon started to float.

For treatment the theme "heat" in order to students understand the process of transferring heat, for example
conduction, through different materials it suitable to conduct the following experiments. In the three containers
is poured water of different temperatures, cold, medium and hot. If the left hand is placed in a cold, right into hot
water, and then both in medium water, feeling in hands is different. With his left hand he feels that the medium
water is warm, and with the right hand he feels that the medium water is cold. Students conclude that this
happens because the heat is transferred from the warmer to the colder body. The process of heat conduction can
be demonstrated by the use of sticks of different materials (wood, plastic, metal), rice, margarine and containers
with hot water. At each stick with margarine is glued rice and sticks were placed in a heated water. After a while
the rice falls of the sticks, because margarine melted. Students can easy see that the metal is the best conductor
of heat.

Treatment of the theme "sound" requires the introduction of the basic concepts that characterize it: the
occurrence and intensity of sound, pitch and timbre.... By the use of experiment "Produce the sound of chicken"
can be shown that the sound occurs as a result of vibration of some items. For conducting experiment is
required: a plastic cup, woolen string, paper clips, paper, nail scissors and water. A nail is used to pierce the
bottom of the cup and pull through the woolen string, so that the one end of string is hooked up to paper clip
which is located at the bottom of the cup, and the other end of string hangs freely. Paper should be fold and
moisten with water and then holding a glass in one hand with the other hand sudden short multiple pulling up
and down the paper on the string. Vibration of the string would be noiseless without the cup. Going through the

3
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cup vibrations propagated and amplified, causing the sound. The sound is generated by the flow of the air across
the string. This experiment is a simple and interesting so that students have a greater desire to understand the
way in which sound is produced. Students with low intellectual abilities and sand-blind students can follow the
performance of the experiment and understand it. In order to sand-blind student understand the creation of
sound, must include the sense of touch and sense of hearing. The experiment was interesting to students because
of its characteristic sound of chicken.

For conducting experiment which shows that the sound pitch depends on the length of the air column is required
glass bottle and water. Of particular importance is to direct attention to students on essential elements by asking
adequate questions. If the sound produced by gently blowing air over the side of the bottle (close to the opening
of the bottle), then the sound is a consequence of the oscillation of the air column above the water. Adding water
to the bottle, the height of the air column is reduced and the sound becomes higher. If the sound is produced by
pounding metal spoon on the bottle wall, glass wall oscillation is transferred to water, which oscillating produces
sound. Adding water to the bottle length of water column increases, and the sound becomes lower! If the
experiment is performed with sand-blind students it is suitably to take two bottles with different amounts of
water in them and sand-blind students can assess in which bottle is more water by shaking them. The experiment
is a problem for students of weaker intellectual abilities because they can not determine the appropriate distance
from the lip to the bottle to produce sound.
CONCLUSION

Inclusive education allows students with special needs the same education as other children have. This paper is
an attempt to easier students with special needs to learn about the natural phenomena, from the aspect of physics
and physical processes. Simple experiments, by which we can demonstrate the physical processes and
phenomena, have a highly motivational character and contribute to the greater interest of students. If you adjust
them to students with special needs, simple experiments become sometimes the only source of knowledge on the
basis of which they can realize and understand content that is processed.
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ABSTRACT: This paper presents an analysis of science oriented students’ metacognitive awareness. Research
sample consists of about 200 students of both genders that have enrolled in science oriented department in one
of four Grammar schools in Novi Sad. Students enrolling Grammar school in Serbia are mainly 15 years old
girls and boys. For the need of this research, the questionnaire (that included Metacognitive Awareness
Inventory - MAI) was constructed. According to the first framework given by Flavell (1971), metacognitive
awareness can be categorized into awareness of: metacognitive knowledge, metacognitive regulation and
metacognitive experiences. Knowledge of cognition usually includes three different kinds of metacognitive
awareness: declarative knowledge, procedural knowledge and conditional (strategic) knowledge. Regulation of
cognition refers to awareness of the need to use certain strategies, such as planning, information management,
monitoring, evaluation and debugging in process of thinking and learning. The students, who conceive the
experiments (scientific method) in teaching physics helpful for their understanding of the physics contents, have
shown higher level of metacognitive awareness. The same could be concluded for the students who are writing
down in a notebook the performed experiments (procedure, explanation, conclusions...) and the students who
understand experiments and their explanations. If metacognition is defined as the knowledge and control over
children’s own thinking and learning activities, it is very obvious that metacognition have great impact on
learning process.

Key words: physics, science, metacognition, metacognitive awareness

INTRODUCTION

Important problem in teaching science is how to make students think on their own and acquire applicable long-
lasting knowledge. Also it is very important to prepare students for lifelong learning. In order to achieve those
goals the quality of science teaching must be improved. Contemporary teaching methods enable active
participation of the learners in the teaching process, as well as improving the quality of science teaching
(Obadovic et al., 2013; Obadovic et al., 2012). There are different ways for improving teaching/learning process.
One of factors that influence learning is students’ metacognition. High level of students’ metacognitive abilities
allows students to learn efficiently and to learn in everyday life, not only in school, also, to gain applicable
knowledge.

In this paper the analysis of science oriented students’ metacognitive awareness and a relation between different
aspects of implementation of simple experiments in physics teaching and the level of students’ metacognition
are discussed

METACOGNITION

Henry Brooks Adams stated, “They know enough who know how to learn”. In order to learn how to learn it is
very useful to understand the concept of metacognition. It deals with questions related to the development of
cognitive and affective area; also it can improve understanding and analysis in all areas where the process of
self-regulation is included. Metacognition has been subject of studies conducted by many authors since the
seventies of the twentieth century. The first study was conducted on metamemory (Flavell & Wellman, 1977).
John Flavell (1979) was the first who had used the term metamemory. Later the term metacognition was used
with meaning “knowledge and cognition about cognitive phenomena,” or simpler “thinking about thinking”,
“knowledge about knowledge”. Concept of metacognition is attributed with different meanings. Most
researchers believe that metacognition refers to one’s thinking process, monitoring and control of thinking.
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Metacognition can be defined as the knowledge and control that children have over their own thinking and
learning activities (Cross and Paris, 1988). Kuhn and Dean (2004) gave definition that it is awareness and
management of one’s own thought. Martinez (2006) declares that metacogniton refers to the monitoring and
control of thought. The general understanding of metacognition is that it is activity of monitoring and controlling
one’s cognition (Weinert & Kluwe, 1987).

According to first framework given by Flavell, metacognitive awareness can be categorized into awareness of:

1. metacognitive knowledge,

2. metacognitive regulation and

3. metacognitive experiences.

Metacognitive knowledge (knowledge of cognition) includes three different kinds of metacognitive awareness:
1. declarative knowledge,

2. procedural knowledge and

3. conditional (strategic) knowledge.

These kinds of metacognitive awareness cover how to do something; skills, strategies and resources required to
perform the task (knowledge of how to perform something); and knowledge of when to apply certain strategy,
respectively.

Regulation of cognition refers to awareness of the need to use certain strategies, such as (Schraw & Dennison,
1994, Schraw & Moshman, 1995):

1. planning — planning, goal setting, and allocating resources prior to learning,

2. information management — skills and strategy sequences used to process information more efficiently
(e.g., organizing, elaborating, summarizing, selective focusing),

3. monitoring — assessment of one's learning or strategy use,

4, debugging in process of thinking and learning — strategies used to correct comprehension and
performance errors and

5. evaluation — analysis of performance and strategy effectiveness after a learning episode.

Metacognitive experiences are manifestations of the online monitoring of cognition as the person comes across a
task and processes the information related to it. They are the interface between the person and the task. They
comprise metacognitive feelings, metacognitive judgments/estimates, and task-specific knowledge (Efklides
2001, 2006)

Metacognitive experiences are for example:

1. feeling-of-knowing,
2. judgments-of-learning and
3. ease-of-learning judgments.

Metacognitive experiences can have influence on students’ motivation. If student believe that he/she is able to
learn something easily it will make them more willing to learn it. Also feeling-of-knowing can make student self
confident...

RESEARCH METHODOLOGY

Research aim was to analyze science oriented students’ metacognitive awareness and a relation between
different aspects of implementation of simple experiments in physics teaching and the level of students’
metacognition.

A research hypothesis was that some aspects of implementation of experiments (demonstrative experiments,
simple “Hands-on” experiments) help in developing different metacognitive level.

Research sample consisted of 203 students of both genders that have enrolled in science oriented department in
one of four Grammar schools in Novi Sad.

Appropriate questionnaire was constructed, part of it included Metacognitive Awareness Inventory — MAL. In
questionnaire students answered on general questions and on questions about teaching physics. They were asked
about carried out experiments in physics class. MAI questionnaire is intended to assess metacognitive skills of
adolescents and adults and contains items that examine each of the eight components: knowledge of cognitive
processes (declarative, procedural and conditional) and regulation of cognitive processes (planning, information
management, monitoring, evaluation and debugging in thinking process). MAI is constructed in the early
nineties (Schraw & Dennison, 1994). The scale of the instrument has satisfactory validity (accuracy) and
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reliability, the Cronbach alpha coefficient is 0.90. Of the 52 items with five-point response Likert scale of MAI
32 items appropriate for the selected sample were retained and adjusted. The choice of items was made based on
the capabilities of students to understand the items that constitute the scale, which was tested by pilot survey,
and based on example of the survey about the children's awareness of metacognition that is proposed for
children aged less than 14 years (Junior Metacognitive Awareness Inventory - Jr. MAI; Sperling, Howard,
Miller, & Murphy, 2002). Examples of used items:

| ask myself periodically if I am meeting my goals.

I try to use strategies that have worked in the past.

I pace myself while learning in order to have enough time.
I know how well | did once | finish a test.

I slow down when | encounter important information.

Students had one school our to complete questionnaire.
The obtained results were treated statistically.

RESULTS AND FINDINGS

Descriptive statistic of variable students’ metacognitive awareness is given in Table 1.

Table 1. Descriptive Statistic of Variable Students’ Metacognitive Awareness

Total number 189

Mean 125.376
Median 124.0
Mode 123.0
Standard deviation 12.3198
Variance 9.82634%
Minimum 98.0
Maximum 150.0
Range 52.0
Standardised skewness -0.143915
Standardised kurtosis -1.57919

Because of incomplete questionnaires there total number of 189 answered questionnaires was obtained. Mean
score was 125.376 (maximum possible sum score was 160). Minimal achieved score was 98 and maximum was
150. Values of standardised skewness and standardised kurtosis indicate that variable students’ metacognitive
awareness has normal distribution.

In analysis of results, Mann-Whitney U Test is performed in order to determine is there statistically significant
difference in students’ metagognitive level regarding to different aspects of implementation of simple
experiments in teaching physics. It is shown that statistically significant difference between the students’
metacognition exists regarding to some, but not all, aspects of implementation of simple experiments in teaching
physics. It is shown that there is no statistically significant difference in metagognitive level of students whose
teacher has performed demonstrative experiments in Physics class. Also, there is no statistically significant
difference in metagognitive level of students who performed demonstrative experiments on their own. Different
matacognitive levels have shown students that carried out experiments in steps of scientific method and those
who did not carry out experiments that way. Students who carried out experiments in steps of scientific method
have shown higher matacognitive level. Different matacognitive levels have shown students that answer
differently to questions:

Were experiments and their explanations clear?
Were experiments helpful for your understanding of the physics contents?
Did you write down in a notebook the performed experiments (the procedure, explanation...)?

Higher matacognitive level have shown students who understand experiments and their explanations and they
who are opinion that experiments in teaching physics (implemented through scientific method) were helpful for
their understanding of the physics contents. Also, higher matacognitive level has shown students who are writing
down in a notebook the performed experiments (the procedure, explanation...).
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CONCLUSION

Metacognition enables students to solve new problem by retrieving and deploying strategy that they have
learned regarding to similar context. Metacognition is important for working on cognitive styles and learning
strategies. Metacognition implies that the individual has some awareness of his/her thinking or learning
processes. Students’ metacognitive awareness is very important in effective physics teaching/learning process.
Experiments help in improving scientific knowledge and students’ motivation. In order to improve students’
metacognition it is not enough that teachers choose adequate experiments. Since there is difference between the
students’ metacognition regarding to some aspects of implementation of scientific method as teaching method it
can be proposed that teachers pay more attention on their instructions and way of carrying out experiments.

Results of this research imply that similar researches are necessary in order to better understand relations
between the use of experiments in Physics classroom and students’ metacognition and that is of great importance
in order to improve teaching science.
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ABSTRACT: The process of globalization, more progressive development of the scientific findings, new
technology and the way of communicating with the new forms of literacy in which the most secure spot has been
taken by the development of natural sciences in the spirit of sustainable development have been the reasons that
make science and sustainable development an educational imperative.

The development of natural sciences in the educational processes in Republic of Macedonia has become an
essential process which is being permanently improved with the goal to find the best solutions for its
improvement. Currently, all of the elementary grade teachers have to face this process.

One of the most recent changes is the study of natural sciences according to the adapted educational curriculum
from the Cambridge International Examination Center. The goal of this reform is to lead the students on the right
way of becoming future “scientists”.

The programs include research that encourages students to ask questions and derive the answers themselves with
the support from their teachers. This is a proven method with which natural science classes will become more
interesting for the students and the findings will remain learned. The educational curriculum also allows the
students to develop their critical thinking and to think and use the proofs. Students will easily learn that natural
sciences are important and can help them in solving everyday life’s problems according to the principles of
education for sustainable development.

A very important part in the adaptation and realization of the adapted educational curriculum from the
Cambridge International Examination Center is being played by the information and communication technology
(ICT) that is a very useful resource for the development of the knowledge, skills and understanding among
students. ICT needs to improve the quality of the teaching. The teachers will have the opportunity to choose and
use the most appropriate and effective ICT resources.

Key words: new science curriculum, inquiry based learning, ICT, education for sustainable development

INTRODUCTION

Few years ago, according the results of PISA (a triennial international survey which aims to evaluate education
systems worldwide by testing the skills and knowledge of 15-year-old students), Macedonian government decide
to find a way to improve the given results. Cambridge International Examinations was approached in January
2013 by the Ministry of Education and Science (MoES) of the Republic of Macedonia in the context of MoES’s
ambition to raise school-level educational standards. As part of the Republic of Macedonia’s plans for
educational reform, the Bureau for Development of Education (BDE) is working in partnership with Cambridge
and started implementing an adapted form of Cambridge primary science curricula at Grades 1-9 from
September 2014.

Implementation of educational reform requires a balance of speed and sustainability. It is essential that the
changes required do not exceed the capacity to deliver them effectively. This may relate to the ability of teachers
to familiarize them with new content and implement new approaches to teaching and to the evolution of
professional support systems and the alteration of operational practice by schools and education agencies.
Financial and resource constraints also have an impact on successful implementation in terms of the reform’s
educational impact for learners. The first year of new science curriculum implementation is at the end. The BDE
and Cambridge International Examinations teams monitored more than 50 schools until now in term to collect
more data about the ongoing curriculum realization. The first results given by the surveys and interviews provide
to BDE and MOoES the first impressions about the success of the process of new science reforms.
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Correlation between inquiry based learning and new science curriculum

Inquiry-based learning or inquiry-based science describes a range of philosophical, curricular and pedagogical
approaches to teaching. Its core premises include the requirement that learning should be based around student
questions. Pedagogy and curriculum requires students to work independently to solve problems rather than
receiving direct instructions on what to do from the teacher. Teachers are viewed as facilitators of learning rather
than vessels of knowledge. The teacher’s job in an inquiry learning environment is therefore not to provide
knowledge, but instead to help students along the process of discovering knowledge themselves. Its core
premises include the requirement that learning should be based around student questions. Pedagogy and
curriculum requires students to work independently to solve problems rather than receiving direct instructions on
what to do from the teacher. Teachers are viewed as facilitators of learning rather than vessels of knowledge.
The teachers job in an inquiry learning environment is therefore not to provide knowledge, but instead to help
students along the process of discovering knowledge themselves. Inquiry-based learning is a concept which
underlines the importance of students engaging into meaningful hands-on science experiences (Louca, Santis &
Tzialli, 2010). Inquiry can't be separated from the world of science and as National Science Educations
Standards states: "Inquiry is central to science learning” (NRC, 1996 p2). Inquiry learning cause beyond
memorizing information and aims to give students an understanding and reasoning of the knowledge which they
develop. Inquiry-based learning is active and provides opportunities for students to engage themselves with
scientific activities (Edelson, Gording and Pea, 1999). This self-engaging into activities should lead to a less
guided situation in which students design their learning by exploring. Exploring is the essence of inquiry
learning, students design their own question and hypothesis in order to engage in hands-on activities which are
aligned by exploration. Hakkarainen (2002) shows that inquiry learning leads to students who design their own
intuitive theories by explaining answers on their research question. Kirschner, Sweller and Clark (2006) strongly
oppose to the concept minimal or non- guidance, cause it places a huge burden on working memory. Guided
instruction is seen to lead to vastly more learning, IBL can't be seen as a fully guided instruction (Kirschner et al.
2006). Hmelo-Silver, Duncan and Chinn (2007 p 99) wrote an article specially in response to Kirschner et al.
(2006) and state that IBL isn't minimally guided but could use "extensive scaffolding to facilitate student
learning".

Inquiry-based learning or inquiry-based science describes a range of philosophical, curricular and pedagogical
approaches to teaching. A distinction has to be made between teaching and doing science in IBL (Colburn,
2000). Doing science refers to the student who enact with IBL and teaching refers to the way IBL is instructed to
students and the way of guiding students into science inquiry. Teaching inquiry science might evoke more
discussion and different opinions. In order to address this distinction first will be looked at teaching inquiry-
based science and next doing inquiry-based science. Inquiry-based science is an approach to science education
that is student constructed as opposed to teacher-transmitted, hands-on as opposed to lecture-based. Students
learn science by using methods, adopting attitudes, and applying skills as scientists do when conducting
scientific research. Students are able to find their own problems and generate their own questions, formulate
their own hypotheses, design and implement their own methods for testing their hypothesis, and use their own
data to answer their original questions. There is a progression from teacher-guided inquiry to completely
student-directed inquiry. Even though students direct the course of study, the teacher still assesses progress and
introduces critical skills and concepts. An inquiry-based classroom enables students to actively construct
meaningful knowledge rather than passively acquire facts. Because students learn by connecting information to
their own experiences, inquiry-based learning allows students to have experiences with germinating seeds,
maintaining an aquarium, and working with circuits to light bulbs. After engaging in such activities, students are
able to apply the information from the experience to new science concepts and life in general. Inquiry-based
learning environments are such environments. Inquiry-based learning refers to a learning process in which
students are engaged (Anderson, 2002) and is defined as an active learning process: “something that students do,
not something that is done to them” (National Science Education Standards, NRC, 1996, p. 21). Inquiry and
constructivist teaching approaches therefore, share many educational objectives, such as emphasizing student
construction of concepts and the relationship between student acquisition of concepts and the concepts’
development in the history of science (Abd El Khalick et al., 2004) and promise the fostering of motivation for
students in terms of self-regulated learning.

1.1 Teaching inquiry-based learning

Which role the facilitator or teacher should play during science inquiry is widely recognized and answers aren't
always equivocal. This question is very legit and importance for the success of IBL, How should you support the
students? Overall there is a confusion about the definition of inquiry and what inquiry implies for the teacher
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(Colburn, 2000). The reform from traditional education to a more inquiry-based learning asks for a paradigm
shift. Teachers need to shift their emphasis from textbooks to exploring questions (Crawford, 1999). This might
sound easy to implement, but is far from easy. This new paradigm on education ask for specific new actions and
teachers shouldn't 'simply' provide hands-on activities for students. Teachers should provide students with
inquiry activities that build on prerequisite knowledge and elaborates understanding (Crawford, 1999). This asks
for a new approach in teaching which ‘forces' teachers to change their current form of teaching. Learning in IBL
should come from experiments and inquiry activities which should be conducted by collaboration and
interaction with other students and teachers. The current situation of science education and the importance of a
scientifically literate society is in the course of international comparative studies such as PISA and TIMSS
increasingly discussed. With respect to the discussion about deficiencies, shortcomings and inadequateness in
the field of science education and the regarding educational mandate of general school education, science
education researchers express wide consensus about scientific literacy being the central aim of science
education (Griber & Bolte,1997; Griber, Nentwig, Koballa & Evans, 2002). Although there is no single right
answer as to what defines inquiry-based science, educators have outlined what it looks like. In simple terms it is
a learning process or strategy rather than any specific set of lessons. This process aims to enhance learning based
on increased student involvement. Through hands-on investigations, knowledge becomes more relevant and
easier to comprehend. Inquiry-based science leads to active construction of meaningful knowledge, rather than
passive acquisition of facts provided by a teacher. The old Chinese proverb, "Tell me and | forget, show me and
I remember, involve me and | understand” is the essence of what inquiry-based science is all about.

Advantages of Inquiry-Based Science

Unfortunately, our traditional educational system has evolved in a way that discourages the natural process of
inquiry-learning. The current system is teacher-focused and revolves around giving out information about what
is known. The emphasis is on student's ability to recall facts and master the chosen material so that they may
proceed to the next grade level.

However, memorizing facts and information is not the most important skill in today's world. Facts are constantly
changing and thanks to our digital age, we are overwhelmed with information. The skill needed for this new age
of information is the ability to examine and make sense of this avalanche of data. Students who actively make
observations, collect, analyze, and synthesize information and draw conclusions are developing the critical skills
that they will encounter both at school and in the future workforce.

Students need to develop inquiry skills so that they can cope with future situations and become lifelong learners.
Ultimately, the significance of inquiry learning is that students learn how to continue learning, something they
will use and rely upon throughout their lives.

The science curriculum emphasizes inquiry-based teaching and learning. A balanced and engaging approach to
teaching will typically involve context, exploration, explanation and application. This requires a context or point
of relevance through which students can make sense of the ideas they are learning. Opportunities for student-led
open inquiry should also be provided within each phase of schooling.

The new Macedonian science curriculum provides opportunities for students to develop an understanding of
important science concepts and processes, the practices used to develop scientific knowledge, of science’s
contribution to our culture and society, and its applications in our lives. The curriculum supports students to
develop the scientific knowledge, understandings and skills to make informed decisions about local, national and
global issues and to participate, if they so wish, in science-related careers. In addition to its practical
applications, learning science is a valuable pursuit in its own right. Students can experience the joy of scientific
discovery and nurture their natural curiosity about the world around them. In doing this, they develop critical
and creative thinking skills and challenge themselves to identify questions and draw evidence-based conclusions
using scientific methods. The wider benefits of this “scientific literacy” are well established, including giving
students the capability to investigate the natural world and changes made to it through human activity. Science
understanding is evident when a person selects and integrates appropriate science knowledge to explain and
predict phenomena, and applies that knowledge to new situations. Science knowledge refers to facts, concepts,
principles, laws, theories and models that have been established by scientists over time.

1.3. Science Inquiry Skills

Science inquiry involves identifying and posing questions; planning, conducting and reflecting on investigations;
processing, analyzing and interpreting evidence; and communicating findings. This strand is concerned with
evaluating claims, investigating ideas, solving problems, drawing valid conclusions and developing evidence-
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based arguments. Science investigations are activities in which ideas, predictions or hypotheses are tested and
conclusions are drawn in response to a question or problem. Investigations can involve a range of activities,
including experimental testing, field work, locating and using information sources, conducting surveys, and
using modeling and simulations. The choice of the approach taken will depend on the context and subject of the
investigation.

In science investigations, collection and analysis of data and evidence play a major role. This can involve
collecting or extracting information and reorganizing data in the form of tables, graphs, flow charts, diagrams,
prose, keys, spreadsheets and databases. There are five sub-strands of Science Inquiry Skills. These are:

Questioning and predicting: Identifying and constructing questions, proposing hypotheses and suggesting
possible outcomes.

Planning and conducting: Making decisions regarding how to investigate or solve a problem and carrying out
an investigation, including the collection of data.

Processing and analyzing data and information: Representing data in meaningful and useful ways;
identifying trends, patterns and relationships in data, and using this evidence to justify conclusions.

Evaluating: Considering the quality of available evidence and the merit or significance of a claim, proposition
or conclusion with reference to that evidence.

Communicating: Conveying information or ideas to others through appropriate representations, text types and
modes.

The curriculum will be divided in three developing periods:
Grade 1-3 - first developing period

Grade 4-6 — second developing period

Grade 7-9 — third developing period

Grade 1-3 — first developing period-Young children have an intrinsic curiosity about their immediate world.
Asking questions leads to speculation and the testing of ideas. Exploratory, purposeful play is a central feature of
their investigations. They use the senses to observe and gather information, describing, making comparisons,
sorting and classifying to create an order that is meaningful. They observe and explore changes that vary in their
rate and magnitude and begin to describe relationships in the world around them. Students’ questions and ideas
about the world become increasingly purposeful. They are encouraged to develop explanatory ideas and test
them through further exploration. During these years students can develop ideas about science that relate to their
lives, answer questions, and solve mysteries of particular interest to their age group. In this stage of schooling
students tend to use a trial-and-error approach to their science investigations. As they progress, they begin to
work in a more systematic way. The notion of a ‘fair test’ and the idea of variables are developed, as well as
other forms of science inquiry. Understanding the importance of measurement in quantifying changes in systems
is also fostered.

Through observation, students can detect similarities among objects, living things and events and these
similarities can form patterns. By identifying these patterns, students develop explanations about the reasons for
them. Students’ understanding of the complex natural or built world can be enhanced by considering aspects of
the world as systems, and how components, or parts, within systems relate to each other. From evidence derived
from observation, explanations about phenomena can be developed and tested. With new evidence, explanations
may be refined or changed. By examining living structures, Earth, changes of solids to liquids and features of
light, students begin to recognize patterns in the world. The observation of aspects of astronomy, living things,
heat, light and electrical circuits helps students develop the concept of a system and its interacting components,
and understand the relationships, including the notion of cause and effect, between variables.

Grade 4-6 — second developing period - during these years, students continue to develop their understanding of
important science concepts across the major science disciplines. It is important to include contemporary contexts
in which a richer understanding of science can be enhanced. Current science research and its human application
motivates and engages students. Within the outlined curriculum, students should undertake some open
investigations that will help them refine their science inquiry skills. The quantitative aspects of students’ inquiry
skills are further developed to incorporate consideration of uncertainty in measurement. In teaching the outlined
curriculum, it is important to provide time to build the more abstract science ideas that underpin understanding.
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Students further develop their understanding of systems and how the idea of equilibrium is important in dynamic
systems. They consider how a change in one of the components can affect all components of the system because
of the interrelationships between the parts. They consider the idea of form and function at a range of scales in
both living and non-living systems. Students move from an experiential appreciation of the effects of energy to a
more abstract understanding of the nature of energy. As students investigate the science phenomena outlined in
these years, they begin to learn about major theories that underpin science, including the particle theory, atomic
theory, the theory of evolution, plate tectonic theory and the Big Bang theory.

Grade 7-9 — third developing period - the senior secondary courses for physics, chemistry, biology, and Earth
and environmental science build on prior learning across these areas. The implementation of this part of new
science curricula will be realized in upcoming school year.

General capabilities

In the Macedonian Curriculum, the general capabilities encompass the knowledge, skills, behaviors and
dispositions that, together with curriculum content in each learning area and the cross-curriculum priorities, will
assist students to live and work successfully in the twenty-first century. There are seven general capabilities:
Literacy

Numeracy

Information and communication technology (ICT) capability

Critical and creative thinking

Personal and social capability

Ethical understanding

Intercultural understanding.

In the Macedonian curriculum of science, general capabilities are identified wherever they are developed or
applied in content descriptions. They are also identified where they offer opportunities to add depth and richness
to student learning through content elaborations.

Sustainability in Macedonian science curriculum

Across the Macedonian science curriculum, sustainability will allow all young Macedonian to develop the
knowledge, skills, values and world views necessary for them to act in ways that contribute to more sustainable
patterns of living. It will enable individuals and communities to reflect on ways of interpreting and engaging
with the world. The sustainability priority is futures-oriented, focusing on protecting environments and creating
a more ecologically and socially just world through informed action. Actions that support more sustainable
patterns of living require consideration of environmental, social, cultural and economic systems and their
interdependence.

In the Macedonian Curriculum of science the priority of sustainability provides authentic contexts for exploring,
investigating and understanding chemical, biological, physical and Earth and space systems.

Science explores a wide range of systems that operate at different time and spatial scales. By investigating the
relationships between systems and system components and how systems respond to change, students develop an
appreciation for the interconnectedness of Earth’s biosphere, geosphere, hydrosphere and atmosphere.
Relationships including cycles and cause and effect are explored, and students develop observation and analysis
skills to examine these relationships in the world around them.

In this learning area, students appreciate that science provides the basis for decision making in many areas of
society and that these decisions can impact on the Earth system. They understand the importance of using
science to predict possible effects of human and other activity and to develop management plans or alternative
technologies that minimize these effects.

Monitoring process of implementation process in 1-3 grade

The school year 2014/2015 was the first year with implementation of new science curricula in 1-3 grade. Prior to
the arrival of Cambridge consultants, staff from the BDE visited over 50 schools, observing lessons and
interviewing learners, teachers and head teachers. In the period of 3 November to 7 November 2014, a team of
BDE and Cambridge advisors visited 7 schools, where the surveys, interviews and students impressions of
science class trough drawing were monitored. On the following period the Cambridge consultants accompanied
BDE staff and interpreters to the following schools in urban and rural areas:

* Bratstvo (Skopje)
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* Draga Stojanonva (Skopje)
* Kirli Pejcinovic (Skopje)

» Zilko Brajkovski (Skopje)
* 7 Marsi (Chelopek)

* Kosta Racin (Brvenica)

* Bratvo Ligieni (Migjeni)

4.1. Survey responses

There were delivered two surveys: for principals and for the teachers. After removing duplicates and other
invalid entries, the principal survey received 160 valid responses (132 on the Macedonian version; 28 on the
Albanian version; 22 responses discarded). The teacher survey received 1036 valid responses (902 on the
Macedonian version; 134 on the Albanian version; 294 responses discarded). The information gathered here
indicates the perceptions of the respondents. It should be interpreted as what they would like to tell us about
their school, their teaching and their learners. It provides a greater sense of the variety of contexts in which the
new curriculum is being applied.

The key findings of principal survey results are:
* There is large variation in the size and social context of schools.
* Schools are well established with experienced teachers.

* Most schools have a clear majority language but in some regions over 30% of schools have notable numbers of
learners who have a different first language.

The principal survey provides contextual information that supports the interpretation of information collected by
other methods. Responses to the principal survey came from all regions of Macedonia. The Northeastern region
was the least represented (n=12). Skopje was the most represented (n=34). Average number of teachers (from 9
in Southwestern to 14 in Polog) and the number of Grade 1-3 classes (from 9 in eastern to 13 in Polog). These
class averages hide significant variation within regions which all had a mixture of small (2—6 classes) and large
(13-23 classes) schools. Some basic arithmetic suggests that on average there is one teacher per 10 children
across the three grades and the average class size is 11. These ratios are lower in Northeastern (6 learners per
teacher) and higher in Polog and Southeastern (13 learners per teacher). It should be noted that there is
tremendous variation in these figures within regions. Teachers are generally very experienced with all regions
reporting that the average teacher has between 17 and 19 years teaching experience (standard deviation across
all regions is eight years). Schools are generally well established and even the region with the youngest schools
on average had an average school age of 46 years. Macedonian (79%) and Albanian (17%) are the most
commonly- used languages in the 116 schools that responded to the question about languages. There was,
unsurprisingly, significant variation between regions. Eastern and Vardar were predominately Macedonian
speaking while Polog had more Albanian speakers. Other regions were largely Macedonian speaking but with
significant (10-25%) speakers of other languages. Turkish was most commonly spoken in the Southeastern
region while Serbian is only spoken by 5% in the Northeastern region, where it is most common. However, there
are two schools where Serbian is the first language of more than a quarter of learners. 20 schools reported
having Turkish-speaking learners. In half of these, Turkish speakers make up more than 20% of learners, in a
quarter of them they make up more than 80% of the school population. These schools are in a diverse range of
regions (Eastern, Pelagonia, Skopje, Southwestern, Southeastern). In total, 27 schools reported that more than
10% of their learners do not share a first language with the majority of the school. Such schools accounted for
30% (i.e. 5-6 schools) of those that responded from Pelagonia, Polog and Southwestern regions. By contrast
Eastern region only has one such school. The responses to the survey suggest that learners predominantly come
from ‘middle- income’ families in all regions except Polog (where 53% learners are from low-income families).
In all regions an average of 6-10% of learners are reported as coming from high-income families. Most schools
reported that learners tend to leave at the end of compulsory schooling (50 of 116). Only Vardar and
Southeastern regions had the majority of schools sending the majority of their learners to further education. A
diverse range of employment sector for learners leaving Macedonian schools was reported (minimum of five
different sectors reported within each region). However, the most common sector was reported as being
agriculture and the food industry (n=66). The only regions for which agriculture was not the primary
employment sector were Skopje.

The key findings from teacher survey are:

* Teachers are familiar with the new curriculum with some regional variation.

* Teachers are using the textbooks but are less familiar with them.

» Some of the issues with textbooks reported by teachers reflect the changes in pedagogy required by the new
curriculum and the partial nature of the curriculum reform.
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* Lack of language learning (particularly reading and writing) is a potential barrier to successful implementation
of the new curriculum.

The responses to the Teacher survey came from all regions of Macedonia. Polog (n=66) and Vardar (n=69) were
the least represented regions. All other regions registered over 100 responses and Skopje was the most
represented region with 204 responses. Questions about teachers’ prior experience were in line with the findings
of the Principal survey with teachers from all regions reporting an average of 13-17 years’ experience of
teaching primary mathematics. Teachers reported having less experience teaching primary science (7 years less
on average). The majority of teachers (88%) described their own level of learning as higher education. Teachers
responding to the survey had been teaching all three grades of the new curriculum but in Eastern and
Southeastern it was noticeable that fewer teachers had been teaching Grade 2 than had been teaching Grades 1
and 3. Teachers’ initial responses to reform are always affected by their relative uncertainty with the new
material they are being asked to teach and this is reflected in teachers’ responses to questions about the new
curriculum. There were ambiguous levels of satisfaction reported. Scaled from 0-1 (disagree to agree) teachers
reported uncertainty about whether the new curriculum is interesting enough (0.48 down from 0.71 in May),
whether it enabled progression (0.39 from 0.67), whether it is pitched at the right level (0.42 from 0.62), whether
it is equally accessible in all languages (0.53 from 0.66) and whether it is easy to teach (0.44 from 0.65). It will
be important to monitor these attitudes again after a period of time to see if opinion is shifting and whether a
change to the implementation plan is necessary. There was some regional variation. Teachers from the Eastern
and Polog regions were generally more positive than others but still not rate any aspect higher than 0.58. Eastern
and Vardar regions were notably less concerned about accessibility in all languages (these regions do not have
the same diversity of languages as other regions). Most teachers thought that the curriculum provides a balance
of skills and content (58%); fewer teachers thought it emphasized only content (18% compare to 27% when
asked about the old curriculum) or skills (24% compared to 3%). Teachers reported being uncertain about
finding resources to support the new curriculum (0.41; scaled from 0-1, not confident to very confident). As with
the previous survey, teachers reported being happy using different types of resources but were less likely to use
video material (down to 41%) compared to others (textbooks — 76%, practical equipment — 82%). Many teachers
use ICT (61%) and a significant proportion use it ‘often’ or ‘always’ (56%). Only twenty teachers reported that
they never use ICT (including at least one teacher from each region). It should be noted that these results are in
conflict with the observations of the monitoring team who did not report ICT being used regularly. Teachers
reported using the new textbooks and workbooks in equal measure (355-390 responding that they had used each
subject/grade combination). There was more variation in the language versions that teachers had used. Most
teachers (83%) had used the Macedonian versions and many (14%) had used the Albanian version. Only 28
teachers had used the Turkish version and five had used the Serbian versions. Whichever language version they
had used, they saw the textbooks and schemes of work as important (scaled 0-1, not important to very
important). The range was 0.61-0.76. The only document to fall outside this was the Albanian version of the
schemes of work which only scored 0.40. This is in conflict with other data that suggests that learners have
responded more positively to the Albanian workbooks and textbooks (0.78, scaled 0-1) than others (Macedonian
0.53, Turkish 0.46 and Serbian 0.55). Also, most teachers (including those who have used the Albanian
documents) report preferring the schemes of work to the textbooks and workbooks. The most common uses of
the textbooks are to provide ideas for lessons (55%), to support the whole class as part of a lesson (52%) or for
homework (53%). Only 5% of teachers said that they had not used the textbooks or workbooks at all. A
particular challenge of implementing a new curriculum in a small number of subjects is that they may not
immediately align with learning in other subjects. When teachers were asked what they would like to change
about the new textbooks the majority of teachers commented on the appropriateness of providing textbooks to
learners without the language skills to read or write and therefore access the content. This comment was
particularly directed at Grade 1 textbooks but was also mentioned in terms of Grade 2 where teachers note the
significant challenge for learners who have made the transition from Grade 1 of the previous curriculum to
Grade 2 of the new curriculum.

European science education projects that supports new science curriculum in Macedonia

In Macedonian educational system are present lots of international project. One of the project that has a strong
correlation with new science curriculum is EU portal, named as Scientix. Year after year, hundreds of science
education projects are funded by the European Commission but apart from the persons directly involved in these
projects (teachers, project managers, etc.) not many people hear about the results obtained, especially when the
projects are over. The objective of the Scientix portal is to ensure that the knowledge and results of the projects
reach a larger audience. In other words, Scientix was created to facilitate regular dissemination and sharing of
know-how and best practices in science education across the European Union. The portal collects and
disseminates teaching materials and research reports from European science education projects financed by the
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European Union. Launched in May 2010, the portal is targeted especially at teachers and schools, but also at
other science educators, curriculum developers, policy-makers, researchers and EU stakeholders. It is a free-to-
access and free-to-use portal, so that anyone interested in science education in Europe can join the Scientix
community. Most of the content on the portal is accessible for all users, without registration. However, after
registration, users are able to access some additional content, such as their personal pages, and use additional
services, such as the forum and the chat tool, and request translations of the existing teaching materials. All users
are encouraged to give feedback on the portal through the feedback tool, and thus to take part in developing the
portal further. The philosophy of the portal can be summarized in the following keywords: “search, find,
engage”. This motto emphasizes the shift from a central portal where information is disseminated to end users
(who act in this case as passive users) towards a more dynamic and user-centered platform. Scientix thus should
not be seen as an information transmission mechanism, but rather as a knowledge building platform. Scientix is
managed by European Schoolnet (EUN) on behalf of the European Commission. European Schoolnet is a key
player at EU level in education, representing a network of 31 Ministries of Education in the EU Member States
and beyond. EUN provides major European education portals for teaching, learning and collaboration and leads
the way in bringing about change in schooling through the use of new technology.

Science project of EU that can be find on Scientix platform

As previously mentioned Scientix collects and distributes information about past and present science education
projects carried out in Europe. Priority is given to projects funded by the European Commission, but other
publicly funded projects are accepted as well. Projects accepted for Scientix must provide accurate information
on the project goals, research and results, and preferably also links to the public reports and resources developed
in the project. These are displayed on the Scientix portal, in both the Projects and Resources sections. Project
authors are also invited to promote their events and news (e.g. new publications and calls for conference
speakers) through the Scientix portal. Examples of currently active projects which are included in the Scientix
portal can be found below. As most of them had just started at the time of this publication, their final results or
achievements are not available yet. However, these will be updated on the Scientix portal at a later stage.

Projects on Scientix portal
Places

Developing the concept of the European City of Scientific Culture, the PLACES project facilitates cooperation
between science communication institutions and local authorities. The project focuses on developing and
strengthening City Partnerships, bringing together 67 science centres, museums and festivals (each partnering
with local authorities) and ten European regional networks. The partnerships provide a basis to foster
interactions between science centers / museums, science festival / events and universities on one side and cities /
local authorities on the other. PLACES puts emphasis on topics and issues with social relevance (e.g.
environmental sustainability, ageing populations, healthcare, social security, drinking water, agriculture,
biodiversity, transportation, clean energy, education policies, innovation for economic growth) which allow
citizens to engage in dialogue with researchers and local authorities.

Temi

The project (2013-2016) introduces inquiry-based learning (IBS) into the science and mathematics classroom
using magic tricks, myths and mysteries. TEMI is a teacher training project, working with teacher training
institutions and teacher networks across Europe to implement innovative training programmes — inquiry labs.
The Enquiry labs are based around the core scientific concepts, but use local myths and mysteries to explain
them. The labs are supported by scientists and communication experts to guide teachers through the transition to
use inquiry in science teaching. The TEMI Central hub coordinates the activities of the local training centers and
provides a platform to share best practice across all aspects of the project.

4.4.3. Cyber-Mentor

CyberMentor is an e-mentoring programme for girls and young women ages 12-18 in Germany designed to
foster their participation in science, technology, engineering, and mathematics (STEM). Each female student
(mentee) is paired with a professional woman in STEM, i.e. a researcher, a professor, or an engineer, (mentor)
who informs and advises her. CyberMentor offers an online platform which provides communication
possibilities and helpful suggestions for STEM activities and information on STEM courses of study and
professions. Community members can introduce themselves through personal pages and interact regularly via e-
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mail, chat, or discussion forum for the period of one year with their mentoring partner and with all programme
participants. Discussion topics range from specific scientific questions about the mentors’ work to private
matters. Each year, at least 800 girls and 800 women take part in the programme. Having so many other students
and mentors as contact persons offers a great possibility for information exchange. In order to encourage
engagement within the platform, the CyberMentor management team regularly makes suggestions for STEM-
related experiments, activities, and competitions that participants can work on together. CyberMentor edits a
monthly journal, CyberNews, which offers reports on interesting STEM articles, quizzes, and interviews with
professionals in the STEM-Field.

4.4.4. Inspiring Science Education

Inspiring Science Education is a project aimed at providing resources and opportunities for teachers to make
science more attractive to their students. The project includes:

an online portal that provides an interactive inventory of e-learning tools and resources from research centers
and other facilities; communities of practice as the place where the collaboration between teachers and students
will take place.

The project will be implemented through pilot activities that will take place in 5.000 primary and secondary
schools in 15 European countries. The schools will be selected to participate in piloting the project tools and
resources through case studies developed in cooperation with the local teachers.

4.4.5. Science on Stage Europe

Science on Stage is a European initiative designed to encourage teachers from across Europe to share good
practice in science teaching. Innovative and inspirational science teaching is seen as a key factor in attracting
young people to deal with scientific issues, whether or not they finally choose a career in science. Hence,
Science on Stage aims to stimulate the interest of young people through their school teachers, who can play a
key role in reversing the trend of falling interest in science and current scientific research. Ultimately, the aim of
Science on Stage is to enable teachers to deliver science in a more creative and engaging way.

4.4.6. e-Twinning

The eTwinning community for schools provides teachers across Europe with the opportunity and the tools for
collaboration in math, science and technology education projects. eTwinning promotes collaboration between
schools in Europe through the use of Information and Communication Technologies (ICT). The community
provides support, tools and services to make it easy for schools to form short- or longterm partnerships in any
subject area, and thus to improve and develop teachers’ practices and education in Europe. Additionally,
eTwinning provides Professional Development Workshops and Learning Events where teachers can learn more
about eTwinning and develop their skills in using ICT in teaching.

4.4.7. Go-Lab

Go-Lab (2012-2016) has created an infrastructure (the Go-Lab Portal) to provide access to online laboratories
run by research centers and universities worldwide. These online labs can be used by universities, schools,
instructors, students and lifelong learners to extend regular learning activities with scientific experiments, giving
students a real experience of research work. The Go-Lab Project offers a federation of remote laboratories,
virtual experiments, and data-sets (together referred to as “online labs®), as well as facilities for teachers to
embed these online labs in pedagogically structured learning spaces.

4.4.8. E-Bug

e-Bug is a free educational resource repository that makes learning about micro-organisms, antibiotics and
hygiene fun and easy. e-Bug helps to teach children about the different types of microbes, the activity of
antibiotics against them, and the increasing problems of antibiotic resistance with unnecessary use, and thus to
raise awareness of wise antibiotic use. The e-Bug project aims to ¢ Reduce the incidence of antibiotic resistance
across Europe by educating future prescribers and users on prudent antibiotic use;

Complement national antibiotic and hygiene educational campaigns;

Exchange information and experience of good practice in the educational curriculum with European partner
countries, and Translate and implement the e-Bug resources across Europe in close collaboration with local
Ministries of Health and Education.
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4.4.9. Profiles

PROFILES promotes Inquiry-Based Science Education by raising teachers’ awareness of more effective ways of
teaching, with the support of various science education actors. The project aims to work towards a better
understanding of the changing purpose of teaching science in schools and the value of science education
stakeholders’ networking. PROFILES is based on “teacher partnerships” aiming to implement existing inquiry-
based science teaching materials. Long-term teacher training courses reflecting challenges relevant to the
participants raise their skills in developing creative, scientific problem-solving and socio-scientific related
learning environments, which enhance students’ intrinsic motivation to learn science and their individual
competences such as decision-making abilities and abilities in scientific inquiry. The intended outcome of
PROFILES is that science education becomes more meaningful for students and more strongly related to 21st
century science and Inquiry-Based Science Education (IBSE), and thus fosters students’ scientific literacy.

4.4.10. Science: It’s a girl thing

A pan-European awareness campaign to encourage girls to develop an interest in science and engage young
women in scientific research careers. This reflected Commissioner Geoghegan-Quinn’s commitment to promote
gender equality and the gender dimension in research and innovation. With the slogan “Science: it’s a girl
thing!”, the first phase of the campaign targeted girls aged 13 to 18, aiming to challenge stereotypes around
science and show girls that science can be a great opportunity for their future.

4.4.11. Responsible Research and Innovation

Responsible (RRI) implies that societal actors (researchers, citizens, policy makers, business, third sector
organizations, etc.) work together during the whole research and innovation process to better align both the
process and its outcomes with the values, needs and expectations of society. In practice, RRI is implemented as a
package that includes multi-actor and public engagement in research and innovation, enabling easier access to
scientific results, the take-up of gender and ethics in the research and innovation content and process, and formal
and informal science education.

CONCLUSION

Macedonian new science curriculum is in the process of implementation of the second developing period, based
on proposed reforms suggested by Cambridge international examination center, approved by Ministry of
education and science and Bureau for developing of education. The BDE advisers and Cambridge consultants
conduct monitoring process trough interviews, surveys and conversations on the field after first year of new
curricula implementation. Based on monitoring and observations process, were noted positive attitudes, work
ethic and recognition of need for change. But, still, the teachers do not seem to have the necessary level of
subject and pedagogical knowledge for learners to benefit fully from the new curriculum. There is no evidence
so far of a shift away from content-focused to skills-focused lessons or any shift in the level of expectation. As
many principals have not attended the training events they are not aware of the challenges presented by the new
curriculum. During the visit the monitoring team from BDE and Cambridge team made the following
observations of the changes needed in respect of pedagogy, attainment and attitudes:

A greater variety of teaching styles are needed where the focus is more on the children learning than the teachers
teaching. Learners should have more autonomy to complete work themselves.

Practical work should focus on exploratory and investigative work that will develop skills e.g. accuracy of
measurement or planning an investigation.

There should be more group work. Learners often sit in groups but continue to work individually on tasks. This
does not encourage them to discuss how to approach the task or solve the problems presented to them.

Teachers should be encouraged to reflect on their teaching practice. This will help them to review their teaching
in the light of how well the children have progressed in their learning.

Learners are positive about science and are well-behaved and focused on their work. However, they need to be
given more autonomy within the tasks they carry out to develop a resilience and commitment to problem
solving. Learners need exposure to a range of strategies to enable them to start developing the decision making
process needed for higher order thinking.
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As additional support to the new science curriculum is the EU Scientix portal that was launched in May 2010.
Since then, it has proven to be a very successful portal, which attracts users to search for science education
projects and studies, browse and download reports, resources and tools, and use the communication and
translation services provided. Most teachers are looking for project information, news and teaching materials,
and they are generally happy with the content and resources that they found. Scientix is gradually growing as
more and more projects join the community and share their resources and materials through the portal, which is
also constantly updated and developed to display the current status and latest results of the projects, and to fulfill
the needs and wishes of the users. Scientix is all the time looking for new educational initiatives to join its
community to demonstrate new ideas and good practices for science education in Europe and Macedonia as
well.
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A POSSIBLE MECHANISM FOR ENHANCING THE ADVANCED
KNOWLEDGE CONSTRUCTION IN ONLINE LEARNING
COMMUNITIES

Sheng-Yi WU
Department of Information Communication, University of Kang Ning

ABSTRACT: In recent years, regarding learning, the applications of peer collaborative learning through online
learning communities have been progressively developed, applied and explored. Especially after the rise of
social networking site--Facebook, the concept of social network service (SNS) has provided innovative reforms
in the operations of online learning communities. Peer collaborative learning of online learning communities is
often conducted with the discussion teaching method, which serves as a key teaching method in many
cooperative learning activities. Literature has suggested that an asynchronous or synchronous online discussion
session incorporating different teaching strategies may improve students' cognitive ability and knowledge
construction process. However, some studies found that an online discussion activity without any control or
interferences from educational instructors would lead to a lack of an advanced knowledge construction. To
address this issue, this study treats Facebook as the learning community and attempts to assist students’ online
discussion activities through adopting the teaching strategy--collaborative problem solving (CPS) and using the
concept mapping as cognitive tools. Thus, this study aims to develop a collaborative problem solving (CPS)
teaching strategy, and integrate the system of concept mapping.

Keyword: online discussion; collaborative problem solving (CPS); concept mapping; facebook

INTRODUCTION

With the widespread use of internet technologies and the much-changed pattern of social interactions, the social
networking service (SNS) has become an integral part of modern society. Especially in the field of learning,
online learning community has become an important field of study for students nowadays (Mazman & Usluel,
2010; Wu, Hou, Hwang, & Liu, 2013).

In online learning communities, collaborative learning via online discussion activities has become the most
commonly used learning method (Dawson & Venville, 2009; Vighnarajah, Wong, & Bakar, 2009). The process
of online discussion activities not only provides students with the means to develop cognitive abilities and
critical thinking skills (Anderson & Krathwohl, 2001), but it also allows the teacher to monitor and supervise the
group discussion in real time (Bernard, Abrami, Lou, Borokhovski, Wade , Wozney, Wallet, Fiset, & Huang,
2004).

During the peer collaborative learning, the teacher usually integrates certain interactive teaching strategies in it.
In the asynchronous peer assessment online discussion activities based on topic-oriented learning approach
proposed by Hou, Chang, and Sung (2007), it was shown that significance was achieved only in the P1 — P1
(sharing, comparing information or proposing similar ideas) and P6 — P6 (messages irrelevant to knowledge
construction), indicating that students were not able to reach more advanced discussions during the peer
assessment activities, and that the causes for the lack of in-depth discussions may include students' attitudes,
individual opinions, and the length of assessment time. The research by Wever, Schellens, Keer, and Valcke
(2008) on role-play-based discussion activities reveals that while the students were properly stimulated by role-
playing to elicit diverse ways of thinking, their capacity for advanced-level discussions still need to be
strengthened. Wu, Hou, and Hwang (2012) also stated in their research that although synchronous peer
assessment activities can prompt basic and advanced two-way cognitive interaction, it also acknowledges a lack
of advanced cognitive discussions and the continuous behavioral patterns of digression. In short, pertinent
literature have all pointed out that online discussion activities via different teaching strategies can indeed
enhance students’ cognitive levels and knowledge construction process. However, these studies have also
showed that in a non-controlled and non-intrusive discussion environment, process of advanced knowledge
construction is relatively lacking.
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Therefore, to solve this problem, this study aimed to develop a Facebook-based online learning community
system to assist students’ discussions in the hope that it would improve the process of students’ advanced
knowledge construction in online discussion activities.

THEORY FOR THE SYSTEM DEVELOPMENT

To achieve the above objective, this study set out to design an online discussion system that would improve the
advanced knowledge construction process. As a result, a collaborative problem-solving approach was used as
the teaching strategy, and concept mapping as the cognitive tool. Regarding online discussion teaching
strategies, the collaborative problem-solving (CPS) model proposed by Nelson (1999) is presently a widely used
teaching strategy adopted by researchers and educators (e.g., Guimaraes, Antunes, Garcia & Fernandes, 2013;
Pollastri, Epstein, Heath, & Ablon, 2013). Since CPS approach encourages learners to “learn by doing”,
emphasizes the authenticity of the collaborative learning environment, and promotes the ability of problem-
solving, the learning activities proposed by this study would follow the scheme of the nine stages in
collaborative problem-solving approach.

In addition, concept mapping is currently a coveted system tool used by researchers or educators in the
application of cognitive development aid. Concept mapping is a technique used to depict relationships between
information, ideas, or concepts. A concept map is represented by ‘concept nodes’ which are connected with
‘relation links’. Two concept nodes and its relation link constitute a ‘proposition’, and the relationship between
concepts in a concept map is articulated in ‘hierarchy’ (Novak & Gowin, 1984). This study regards concept
mapping as a cognitive tool in the hope that teachers can use it as the cognitive scaffolding to the intended
teaching subject, which in turn should help students recognize the best ways to learn and make their coding
process become explicit, thus promoting their understanding in the relationships between concepts.

This study established the online learning community based on a social network environment (i.e., Facebook),
applied the CPS model as the teaching strategy, and concept mapping as the cognitive tool. Teachers can pre-set
different concept maps based on different subjects, and guide the students to solve the problems arisen in the
online discussions using the CPS model. Such system, equipped with these two mechanisms, is expected to
motivate the students to engage in sequential thinking and more in-depth issues, thus enhancing their advanced
knowledge construction process; furthermore, the Q&A mechanism of concept mapping allows students to attain
prior knowledge on the subject before problems and solutions are discussed and thus the students can conduct
more in-depth online discussions.

SYSTEM PLAINNING

The system designs a situational problem based on individual teaching subjects and curriculum goals set by the
teachers and conducts pretesting and grouping based on learning objectives. After students are assigned to the
preset Facebook groups, teachers then announce the procedures of nine-step CPS model in accordance with the
prior plan or students’ discussion performance (i.e., content can be displayed in Facebook Group after the
backend announcement). Students will then enact the discussions according to the published content. Diagram of
the conceptual system is shown in Figure 1. During the discussions, students in each group are to work
independently, and they cannot view the content of other group discussions via Facebook. In addition, all
behaviors involving discussions and concept mapping are chronologically recorded and stored in backend
database to facilitate future analysis.

In step 5 (collaborative exploration and concept formation), teachers need to formulate a backend concept map
to facilitate the process of guiding students in online discussions (Figure 2). When completed, students from
each group are required to answer the questions within the concept map. This approach is to provide clues to
students’ thought and discussions, thus forming relevant concepts. After their discussions, students, need to
answer every assigned question to determine whether the formation of the concept is properly understood, and
their answers would also serve as a guide and clues to assist the students in the discussions and online
information gathering.

21



International Conference on Education in Mathematics, Science & Technology (ICEMST), April 23 - 26, 2015 Antalya, Turkey

S facebook. | 5o

1. Task statements and learning | Teachers stating the set learning objectives, designs, and task descriptions.
objectives
!
2. Group List Presenting the group list (the list must be compiled in advance).
!
3. Problem defining Describing and defining potential problems.
!
4. Leader(s) electing Nominating and electing leader(s).
!
5.Collaborative exploration and | Teachers formulating an apt concept map to facilitate the process of guiding
concept formation students in online discussions.
!
6. Problems and solutions Proposing solutions based on the problems raised.
!
7. ldeas exchange and | Sharing ideas on the whole process through online discussions and
reflections reflecting on whether the proposed solutions meet the raised problems.
!
8. Testing Implementing learning assessments.
!
9. Summary and Feedback Giving final feedbacks.

Figure 1. Diagram Of A Conceptual System

Iink/ Item 1

linky
Item 2

Figure 2. Interface Diagram Of A Concept Map
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CONCLUSION

Previous studies have explored an online discussion environment without guidelines or the intervention of
teachers, and determined that it was very difficult to achieve the process of advanced knowledge construction.
Therefore, it was the goal of this study to build an online learning community based on a social network
environment (i.e. Facebook), applying CPS model as the teaching strategy, and concept mapping as a cognitive
tool. Teachers can pre-set different concept maps based on different subjects, and guide the students to tackle the
problems arisen in the online discussions using the CPS model. This study believes that the CPS approach can
prompt the students to engage in sequential thinking and in-depth issues, and that the Q&A mechanism in
concept mapping allows students to gain prior knowledge on the subject before problems and solutions are
raised and thus the students can conduct more in-depth online discussions. Once the system is completed, this
study will explore the said mechanism through empirical studies as to validate its effectiveness.
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A NEW STEAM AGE: TOWARDS ONE CULTURE FOR LEARNING
SCIENCE

Martin BRAUND
Cape Peninsula University of Technology, Cape Town, South Africa

ABSTRACT: In many cultures learning has been organised around subject disciplines broadly conceived as the
Arts, Humanities and Sciences. Subject disciplines of the curriculum have evolved structures and characteristics
creating boundaries between them that are counter to the experiences of many adolescents, who rarely meet such
borders in their daily lives. Disciplinary borders favour a utilitarian view of knowledge and creativity, often
under-valuing some disciplines, including the creative and performing arts, not directly associated with primary
means of economic production. The borders between self-reinforcing disciplinary structures result in inadequate
attention paid to the potential of working across, between and beyond disciplines. In this paper | examine how
this schism between the ‘Arts’ and ‘Sciences’ has come about and the potential harm it continues to do. An
example from the history of science, the case of Darwin’s changing relationship with the two cultures, is used to
promote the benefits of more creative approaches to teaching science in a new project, ‘Darwin Inspired
Learning’. The benefits to learning science using methods from one of the Arts, drama, are shown. The
argument is made for ‘STEAM”, showing how education in the 21* Century is moving away from a restricted
notion of STEM (Science, Technology, Engineering and Mathematics) to one that encompasses the Arts
(Science, Technology, Engineering, ARTS and Mathematics). STEAM promotes economic development,
encouraging people to work creatively to generate and communicate ground breaking new ideas. It is argued that
teaching methods and content from arts subjects should be used to promote a more engaging and cognitively
challenging experience of science education at a time when poor pupil attitudes to studying science subjects
continues to be an issue in many countries.

Key words: science education, teaching innovation, drama, curriculum.
INTRODUCTION

In the history of education there has been a constant intention to create a curriculum representing the cultural,
intellectual and social activities characterizing our world and to prepare future citizens to profitably live in it.
From the muses of the Ancient Greeks, who provided inspiration for the intellectual pursuits of poetry,
astronomy, dance, comedy and history (among others), through ecclesiastical thinkers of medieval times and
pedagogues such as Comenius and Rousseau, to the school curriculum of the present day, the Arts and the
Sciences have been seen as essential in educating the rounded human being. A problem has been that these two
fields of learning and endeavor have tended to be seen as alternative, competing fields rather than as
complementary and interrelated. It is important to make clear right from the start that 1 do not make a case for
science and the Arts being the same in the way they proceed or what they achieve. Science is not like Art.
Though science is socially and culturally embedded, it produces knowledge through empirically testing ideas to
produce better understanding of the world. The science of the universe in the 2st Century is better now than in
the time of Aristotle, Ptolemy, Copernicus or Galileo. Art is not like that. Although technology may provide
more advanced representational techniques, the paintings of Pollock or Renoir are not better than those of Giotto
— they are just different; open to aesthetic rather than empirical judgment and validation. It seems that the
separation in schools between the Arts, the sciences and humanities is most noticeable at the secondary school
level where subjects appear to be learned in disconnected silos where skills and knowledge exist as separated
entities. It is my contention in this paper that the subject boundaries created around school subjects are artificial,
created and maintained by those with vested interests and associated power, and that these boundaries harm the
progress of all learning especially of science. In a world where technological innovation is fast evolving and
drives economies, science increasingly draws on the Arts to provide the creative stimulation for new ideas and
even new knowledge of science. The idea of combining Science, Technology, Engineering and Mathematics
(STEM), to better contextualize these subjects and draw benefits from collaboration between them, has been
around for some time (Bennett, Braund & Sharpe, 2014). In the last four years there is a new letter, ‘A’ for the
Arts, to be added to the STEM acronym. STEAM (Science, Technology, Engineering, ‘The ARTS’ and
Mathematics) is a growth area in Higher Education and industrial and technological communities but, with the
exception of some states of the US and in Korea, the concept of STEAM in education and implications for
teaching and learning of science in schools lags behind what is happening to science and how it is changing in
the real world. After exploring an historic example of how Charles Darwin’s science was impacted by the Arts
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and how this relates to the ‘Two Cultures’ (Arts and Sciences) concept, an example of how science teaching may
be improved by drawing on Arts pedagogy will be discussed. Thus a STEAM example is shown as an
achievable reality in modern science teaching.

DARWIN AND ‘THE TWO CULTURES’

As a young man struggling to make sense of what others thought should be his professional destiny, first in
medicine and later theology, Darwin wholeheartedly embraced the Arts as did many in fashionable society of the
early 19™ Century. At this stage of life there were no conflicts between his growing interests in science and
nature and cultural connections to poetry, opera, ballet, fine arts and theatre. Even when at school in
Shrewsbury, the adolescent Darwin turned to the plays of Shakespeare and the poetry of Byron to relieve the
tedium of rote learning from the classics and other school subjects, which he found so abjectly boring (Desmond
& Moore, 1992: 16). Edinburgh’s Theatre Royal provided welcome relief from the horrors of medical
dissections by way of ballet or other ‘terpsichorean delights’ (Desmond & Moore, 1992: 23).

As his interests turned towards science, especially avid collecting and fascination with South American
landscapes, plants, animals and fossils on the voyage of the Beagle, Darwin turned to Rossini’s operas to relieve
the tedium of scientific ‘downtime’ in Montevideo. In the busy days collecting on the voyage, Darwin expressed
his experiences (for example, of summiting the Andes and of collecting in the dense rainforests of Brazil) in
terms of the imagery of Tennyson, the landscapes of artist Claude Lorrain and choruses of Handel’s Messiah.
Darwin often used the term ‘sublime’ as if to recognise that the beauty of what he saw was beyond mere
rationalisation and theory. Thus for Darwin the Arts provided not only a holistic experience of culture but also a
celebration of the natural world. Yet, after the Beagle’s voyage, as he became progressively more engrossed
with validating evidence and constructing theory, Darwin became noticeably estranged from the Arts. For
example in a letter to Joseph Hooker in 1868 he wrote:

I have tried lately to read Shakespeare, and found it so intolerably dull that it nauseated me. | have also almost lost my
taste for pictures and music. I am glad you were at the ‘Messiah’, but I dare say I should find my soul too dried up to
appreciate it; and then | should feel very flat, for it is a horrid bore to feel as | constantly do, that | am a withered leaf for
every subject except Science. The loss of these tastes is a loss of happiness. My mind seems to have become a kind of
machine for grinding out general laws out of large collections of facts. It sometimes makes me hate Science.

(Darwin, cited by Fleming, 1961: 219)

It seems that as his science progressed Darwin increasingly set the atomising nature of his science above the
integrating vision provided by the Arts. Fleming likens Darwin’s atrophy for aesthetics and estrangement from
the Arts as transformation from an aesthete and broader intellectual, able to draw equally on science and the
Arts, to an ‘analytical man’ concerned only with scientific facts and theories. Hence, the title of Fleming’s paper,
‘Charles Darwin, The Anaesthetic Man’ (1961). It seems that later, in his increasingly scientific life, Darwin
could not find the emotional space or mental capacity to integrate the Arts, yet this was the very aspect of
intellectual life that might have made him more emotionally complete and at peace with himself at a time of
increasing self-doubt. Towards the end of his life his regret for not having embraced the Arts is plain to see. In
his autobiography, published after his death, he wrote:

... if I had to live my life again, | would have made a rule to read some poetry and listen to some music at least once
every week; for perhaps the parts of my brain now atrophied would thus have been kept active through use. The loss of
these tastes is a loss of happiness, and may possibly be injurious to the intellect, and more probably to the moral
character, by enfeebling the emotional part of our nature.

(Darwin, 2005: 115)

Darwin’s changing relationship with the Arts is a fascinating example in a debate that has continued to affect
educational thinking for some time. The schism in western intellectual thought, seen as a cultural divide between
the Arts and sciences, found its most famous expression when physicist and novelist C.P. Snow delivered his
landmark Rede lecture on Two Cultures and the Scientific in May 1959. For Snow it was the ignorance and lack
of education in the sciences, particularly for the ‘governing classes’, that was his chief concern (Snow, 1959).
While being well versed in the classics and the Arts were seen as essential attributes for those who wanted to get
on in society, ignorance of science and the fundamental principles on which the world works were seen as
conferring no real disadvantage.
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The perception that studying the Arts is intrinsically and intellectually different to studying sciences stems from
a world view in which thought is divided into two separate realms. As Morris puts it, the first (the science one) is
“tangible, measureable and real and the other (the arts one) is immaterial, intangible, unquantifiable and
imaginary” (Morris, 2006: 152). In this way science is seen as a reductionist enterprise reducing the world, as
Darwin started to do, to its most simple and understandable parts. But, as Darwin soon realised, grand ideas such
as his require much synthesis and integration of parts to create a whole. From this world view science is then a
more creative enterprise, yet few science teachers in schools or their pupils seem to recognise the creativity of
science. It is no wonder that poorer attitudes of pupils to science are the result, particularly when studying
science gets harder and seemingly more remote from the real world it is supposed to explain.

USING THE ARTS TO TEACH SCIENCE

UNESCO’s decade of educational effort (2005-2014) promoted change based on interdisciplinary effort rather
than purely subject-focused innovation (UNESCO, 2005). A central tenet of UNESCO’s resolution was
emphasis on holistic teaching practices using multiple instruction methods including those of the Arts. The idea
of using methods more normally associated with the Arts to explain science ideas and engage more pupils with
science content is not new. Activities involving creative writing, poster art, making 3-D models, science poetry,
making animated films and using drama and role play have all been suggested and adopted as part of science
teachers’ repertoires (Braund, 2015a). However, the pressure of performance accountability, judging teachers’
on the examination successes of their students rather than also on the extent of their engagement and attitudes to
learning, has become increasingly prevalent in many educational systems. This has limited the variety of
instructional methods used by science teachers, especially methods drawing on Arts-based pedagogy.

Arts-based teaching helps students learn science because it offers alternatives to the usual expository texts of
comparison, description, sequencing and listing, cause and effect and problem solution (Begoray and Stinner,
2005). In contrast, students’ daily lives are dominated by narratives and visualizations associated with films,
novels, oral storytelling, television and gaming. Accordingly, it is appropriate to look in more detail at an
example from a recent international project which used some of these Arts ideas to communicate and celebrate
the work of Charles Darwin.

Arts-based methods in the Darwin-inspired learning project

Darwin-inspired learning was a writing project involving 21 Darwin scholars in the production of an academic
and resource book celebrating Darwin’s life and achievements and providing inspirational and innovative ways
to learn from and through Darwin’s life and work (Boulter, Reiss & Sanders, 2015). As part of the project the
author of this paper was commissioned to write a chapter showing how Darwin’s ideas could be taught using
drama.

Reviewing literature on drama in science, Marianne @degaard sees drama contributing to three areas of learning:
about concepts, about the nature of science and about science’s interactions with society (@degaard, 2003). The
example provided in this paper is in the first area, though examples for the other two can be found in the full
chapter in the Darwin-Inspired Learning book (see Braund, 2015b).

Teaching concepts using role-play simulation

The idea of using role-play simulations, that are effectively types of games, is that they provide analogues for
the concepts to be learned but in an engaging and learner-centred way (Abrahams & Braund, 2012; Braund,
2015a). In the example shown here, of ‘Reed Warblers and Cuckoos’, the central target concept is colour
variation conferring different survival rates of prey (caterpillars) so that individuals with better survival chances
are more likely to breed. Thus, the simulation acts as an analogue for Natural Selection.

Students’ roles are to ‘play’ organisms involved in prey selection. Science teachers have often used analogy or
metaphor in their teaching to try to connect pupils with, sometimes abstract, ideas. The value of drama is that
these methods provide memorable, enjoyable and highly active examples where pupils are part of the process the
teacher wants to explain.

The Reed-Warblers and Cuckoos game-simulation can be played outside or in a classroom or school hall and is

suitable for pupils in the age range 11-16, depending on the level of the concepts developed. The idea is that a
pupil or the teacher plays ‘the cuckoo’ who wears a ‘tongue’ made from card carrying velcro strips to which the
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caterpillars collected as prey by the other pupils playing ‘reed warblers’ are attached. A teacher acting as the
cuckoo is shown as Figure 1.

Figure 1. The ‘Cuckoo’ Showing The Card ‘Tongue’ With Captured Wool ‘Caterpillars’ Attached.
(From: Abrahams and Braund, 2012: 43/4)

The game starts when the cuckoo calls “feed me”. The ‘reed warblers’ search for and capture caterpillars,
represented by different coloured wool strands (about 15 in each of 12 different colours should do), some
brightly coloured which stand out against various backgrounds, others having more camouflaged colours. The
rule that reed warblers can only retrieve one caterpillar at a time to return to the cuckoo’s tongue helps prevent
over-zealous collection of bunches of caterpillars. The wool ‘caterpillars’ can be stuck onto the cuckoo’s tongue
from top to bottom in order of retrieval, providing a record of colours of prey selected as predation continues.
The patterns can be discussed in terms of changes in relative selection pressure as more brightly coloured and
obvious individuals are selected out. If the game is played in the school grounds, then a distinct area can be
pegged out that includes grass, bushes and trees, and any remaining caterpillars on each background can be
counted when the game has terminated. | have seen the game played in a classroom where camouflaged military
netting was suspended above pupils’ heads with the wool ‘caterpillars’ laid just inside the netting.

A feature of drama, like some other interactive learning activities, is that it has potential to generate additional
misconceptions through comparison with reality. In this case it is necessary for pupils to appreciate that cuckoos
are not normally fed by more than one pair of reed warblers. How good the drama is as an analogue for nature
can be part of discussion that follows the drama-game. In some of my observations of drama used in science
classrooms | have noticed that teachers do not spend enough time debriefing or discussing the drama (. This was
particularly noticeable for student teachers who were drama specialists. They seemed to assume that the
potential of the drama to establish learning was so powerful that nothing else was needed to embed concepts or
address shortcomings of simulations (see Braund, Ekron & Moodley, 2013). As with most learning events,
consolidation by the teacher and reflection by learners makes fuller impact of the activity more likely.

CONCLUSION - THE NEW STEAM AGE

A continuing concern in many countries is that, while students recognize the value and benefits of science for
society, decreasing numbers of them want to go on and study the subject at a higher level or take up a STEM-
based career (Bennett, Braund & Sharpe, 2014; Sgberg & Schreiner, 2010). It seems that school science fails to
engage school students and is often seen by them as a cold, fact-based subject, boringly taught and stripped of
everyday contexts and real-life meaning (Gilbert, Bulte and Pilot, 2011). It is my contention here that an
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important contributing factor is that the Arts have been isolated from the sciences in the school world, denying
science some of the very methods that could make it a more interesting and enjoyable subject without losing
sight of having to learn content at a high level.

It is widely recognised that the Arts, including the example | have given here of a drama role-play, have a
significant part in developing overall intellectual capacity. The contribution of drama to creative and critical
thinking, including advancing skills in scientific argumentation, is of particular importance (Duschl & Osborne,
2002). This is one of the reasons why, in South Korea, there is now a government initiative aimed at fostering
students’ creativity and critical thinking through the inclusion of Arts subjects in a STEM-focused curriculum.
The idea is to broaden the curriculum from ‘STEM’ to ‘STEAM’: Science, Technology, Engineering, the Arts
and mathematics. Educational systems in other countries, if they are interested in improving science education
and at the same time drawing it closer to the innovative and economic collaborations between the Arts and
sciences in the real world, should take note of these more collaborative curricula.

| have shown that Darwin’s work, his life and his ideas lend themselves to learning activities that involve
learners in highly interactive methods. Drama and other Arts-related activities are memorable, not only because
they can be highly enjoyable, but because they help establish meaningful and long-lasting links between science
and content and learning events. As a student in a South African classroom, having just completed a drama in
science lesson put it:

I liked doing the drama because you can learn and you can do it yourself. It’s a quicker way of learning than from books
and stuff even from video ... You will know what it would feel like and that kind of thing, like maybe we could
remember about how we moved and how we acted in the grade exams.

Perhaps dramatic and other Arts-based activities might even improve pupils’ performances on examination
questions, but | hope that examination success is not the only justification for a more holistic science education
that embraces and uses the Arts.
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ABSTRACT: It is essential to know, comprehend, apply, analyze, synthesize, and evaluate the physical science
(chemistry, earth science, physics, etc.) for the science and engineering students. The purpose of this study was
to compare the tendency of the higher education technical vocational school and engineering students to physical
science. The research was conducted with 166 students. Data were collected using Learning Strategy Survey
(LSS). Cognitive/metacognitive strategies (CMS) and resource management strategies (RMS) of the students
were compared with the help of this survey designed for chemistry courses. The results presented that the usage
of learning strategies of the higher education technical vocational school and engineering students were similar
in terms of chemistry. The students™ thoughts revealed that the chemistry is not accepted as a key-course for
their major field and they preferred to memorize the content of the course without any comprehension. The
detailed findings and suggestions were reported in the study.

Key words: chemistry, higher education, learning strategies
INTRODUCTION

Fundamental sciences (chemistry, physics, earth science, etc.) are mandatory courses and also essential to know
and understand for engineering students and higher education technical vocational school students. Science
students should remember, understand, apply, analyze, evaluate, and create necessary principles not only in
major fields but also in fundamental sciences. This type of learning was reported to be a part of metacognitive
process. The metacognitive process consists of three phases: a) developing a plan for approaching a learning
task, b) monitoring the plan, and c) evaluating the results of the plan (Flavel, 1979; Schraw & Moshman, 1995;
Schraw, Crippen, & Hartley, 2006). Many studies were conducted to determine/apply similar learning strategies
both in science education (Cook, Kennedy, & McGuire, 2013; Lynch & Trujillo, 2011) and social science
education (Karadeniz, 2010; Rao & Liu, 2011).

One of the pioneers in this area, Pintrich, Smith, Garcia, and McKeachine (1991), reported that learning strategy
comprises of cognitive and metacognitive strategies-CMS- (rehearsal, organization, elaboration, critical thinking
and metacognitive self-regulation) and resource management strategies-RMS- (help seeking, peer learning,
effort regulation and time and study environment).

Rehearsal strategies (questioning techniques, visualization, quick writes, preprinted response cards, etc.) is
based on memory enhancement by revisiting the content as many times as possible. Organization strategies
(clustering, outlining, taking notes, selecting the main idea, mapping or connecting key ideas in learning
material, etc.) covers selecting suitable information and construct connections among the information to be
learned (Pintrich et al., 1991). Elaboration strategies (paraphrasing, summarizing, interpreting, effective note-
taking, making analogies, etc.) are used to detailed investigation of new information for better understanding.
Critical thinking strategies (reasoning, evaluating, problem solving, decision making, and analyzing) are based
on solving problems, comprehending the connections between ideas, evaluating discussions, determining the
importance and relevance of ideas/situations, etc. Metacognitive self-regulation strategies consist of planning
process (self management, self determination, goal setting, etc.), monitoring process (self focusing, self
reflection, self regulation, etc.) and regulating process (self assessment, self questioning, self criticism, etc.). It
was claimed that these strategies enhances the awareness, knowledge, and control of cognition of students.

The second part of the process covering both instructor and students are resource management strategies in
which help seeking strategy encourages students to take the experts’ support when they do not know a problem/
concept or content to be learned. Peer learning strategy provides learning by collaborating with peers (friends,
classmates, etc.). Effort regulation strategy controls their effort and attention against distractions and
uninteresting tasks (Pintrich et al., 1991). Time and study environment strategy helps student to manage and
regulate their time and study environments. Pintrich et al. (1991) developed a learning strategy survey to
determine even if students follow the strategies aforesaid.
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In the present study, with the help of this survey, the cognitive and metacognitive learning strategies and
resource management learning strategies were compared for both students of engineering and higher education
technical vocational school. The two different levels of student groups were selected based on the achievement
at the university entrance. Research questions were analyzed to fulfill the purpose of study.

1. Are CMS and RMS different for higher education technical vocational school and engineering students?
2. What is the reflection of these strategies to students learning process?

METHOD

Learning Strategy Survey (LSS) was used to determine the learning strategies of engineering and higher
education technical vocational school students enrolled in introductory chemistry course. The research was
performed in Torbali Technical Vocational School of Higher Education and Engineering Faculty at Dokuz Eylul
University, Turkey. The study sample was consisted of 166 students. 49% of the students were engineering
students (N=82). The survey was conducted to mining engineering students in faculty of engineering whose the
education curriculum is similar to technical program. The rest of the students are higher education technical
vocational school students (N=86). The survey was administered to Geotechnic and Drilling Technology,
departments. The students were between 18 and 22 years of age.

The learning strategies survey (LSS) part of the Motivated Strategies for Learning Questionnaire (MSLQ)
developed by Pintrich et al. (1991) was used in the study. The Turkish version of the LSS, consisting of 36
items, modified and translated into Turkish by Buyukozturk, Akgun, Ozkahveci, & Demirel (2004) was
conducted. The learning strategies section consisted of “cognitive and metacognitive strategies (rehearsal-6
items, organization-6 items, elaboration-4 items, critical thinking-4 items, and metacognitive self-regulation-3
items)” and “resource management strategies (help seeking-5 items, peer learning-3 items, effort regulation-3
items, and time and study environment-2 items)”. Students rated each item on a 7-point Likert-type scale
(ranging from 1 = not at all true of me, to 7 = very true of me). Statistical analysis results (Explanatory Factor
Analysis-EFA, Confirmatory Factor Analysis-CFA) of the LSS performed by Buyukozturk et al. (2004) are
presented below.

According to EFA, LSS was comprised of nine factors with eigenvalues greater than 1.00, the factor loadings of
the items were found to be 0.38 and over, and the total variance was 53.45%. The results of CFA include Chi-
Square Goodness of Fit “X*” (4.73), Root Mean Square Error of Approximation “RMSEA” (0.066), Goodness of
Fit Index “GFI” (0.80), Adjusted Goodness of Fit Index “AGFI” (0.77), Normed Fit Index “NFI” (0.97), Root
Mean Square Residuals “RMR” (0.22), and Standardized Root Mean Square Residual “SRMR” (0.06). The
Cronbach’s o values were calculated between 0.41 and 0.75 (Buyukozturk et al., 2004). These results are
reasonable for a survey used in low-risk research (Hutcheson & Sofroniou, 1999).

The collected data were analyzed by IBM-SPSS Statistics 22. The frequency distributions, means and standard
deviations of engineering and higher education technical vocational school students’ values were calculated and
independent-samples t-test was conducted to the statistical difference of means between students according to
the statements. The difference between students was considered significant with p values less than 0.05. The
students were given approximately fifteen minutes to fill out the questionnaire.

RESULTS AND FINDINGS

The results of cognitive and metacognitive strategies and resource management strategies of higher education
technical vocational school students (TVSS) and engineering students (ES) were given in Table 1.
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Table 1. Descriptive Statistical Values of Higher Education Technical Vocational School and Engineering
Students Related to Cognitive and Metacognitive Strategies (CMS)

Factor Group N M sd t-value df  p-value

ES 82 2852 7.13
Rehearsal 0.063 164  p>0.05
TVSS 84  28.45 7.62

o ES 82 29.47 6.77
Organization 1.610 164  p>0.05
TVSS 84 31.28 7.67

ES 82 18.79 4.97

Elaboration 0.858 164  p>0.05
TVSS 84 19.48 5.45

. o ES 82 16.56 5.12

Critical Thinking 0.507 164  p>0.05
TVSS 84 17.00 5.99

Metacognitive Self- ES 82 13.24 4.66

Regulation TVSS 84 14.08 3.98

1249 164 p>0.05

Note: M mean; sd standard deviation; df degree of freedom

Mean values for cognitive and metacognitive strategies calculated for engineering students are 28.52 (sd =7.13)
for rehearsal, 29.47 (sd=6.77) for organization, 18.79 (sd=4.97) for elaboration, 16.56 (sd=5.12) for critical
thinking, 13.24 (sd=4.66) for metacognitive self-regulation and higher education technical vocational school
students are 28.45 (sd=7.62), 31.28 (sd=7.67), 19.48 (sd=5.45), 17.00 (sd=5.99), and 14.08 (sd=3.98),
respectively. Independent-samples t-test was conducted to the statistical difference of means between
engineering and higher education technical vocational school students for cognitive and metacognitive
strategies. The differences in the values between the students were not statistically significant for rehearsal [df
=164, t=0.063, p>0.05], organization [df =164, t=1.610, p>0.05], elaboration [df =164, t=0.858, p>0.05], critical
thinking [df =164, t=0.507, p>0.05], and finally metacognitive self-regulation [df =164, t=1.249, p>0.05].

Table 2 shows the findings of resource management strategies of higher education technical vocational school
and engineering students.

Table 2. Descriptive Statistical Values of Higher Education Technical Vocational School and Engineering
Students Related to Resource Management Strategies (RMS)

Factor Group N M sd t-value df  p-value

] ES 82 2134 5.08
Help Seeking 0.452 164  p>0.05
TVSS 84 2167 451

) ES 82 13.08 3.87
Peer Learning 0.601 164  p>0.05
TVSS 84 13.48 4.69

) ES 82 1153 3.23
Effort Regulation 0.925 164 p>0.05
TVSS 84  12.04 3.84

Time and Study ES 82 7.96 3.25

) 1.667 164 p>0.05
Environment TVSS 84 8.79 3.28

Mean values for resource management strategies calculated for engineering students are 21.34 (sd =5.08) for
help seeking, 13.08 (sd=3.87) for peer learning, 11.53 (sd=3.23) for effort regulation 7.96 (sd=3.25) for time and
study environment, and higher education technical vocational school students are 21.67 (sd=4.51), 13.48
(sd=4.69), 12.04 (sd=3.84), and 8.79 (sd=3.28), respectively. Independent-samples t-test was conducted to the
statistical difference of means between engineering and higher education technical vocational school students for
resource management strategies. The differences in the values between the students were not statistically
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significant for help seeking [df =164, t=0.452, p>0.05], peer learning [df =164, t=0.601, p>0.05], effort
regulation [df =164, t=0.925 p>0.05], time and study environment [df =164, t=1.667, p>0.05].

Table 3 demonstrates the findings of learning strategies higher education technical vocational school and
engineering students.

Table 3. Descriptive Statistical Values of Higher Education Technical Vocational School and Engineering
Students Related to Learning Strategies

Factor Group N M sd t-value  df  p-value
Cognitive and Metacognitive ES 82 106.59 19.03
Strategies-CMS- Tvss 84 11030 2211 0 1O POO
Resource Management ES 82 53.91 8.54
Strategies-RMS- 1382 164 p>0.05

TVSS 84 56.01 10.84

) ] ES 82 159.40 24.97
Learning Strategies 1.604 164  p>0.05
TVSS 84 166.32 30.26

Mean values for learning strategies calculated that engineering students are 106.59 (sd =19.03) for cognitive and
metacognitive strategies, 53.91 (sd=8.54) for resource management strategies, 159.40 (sd=24.97) for general
learning strategies, and higher education technical vocational school students are 110.30 (sd=22.11), 56.01
(sd=10.84), and 166.32 (sd=30.26), respectively. Independent-samples t-test was conducted to the statistical
difference of means between engineering and higher education technical vocational school students for general
learning strategies. The differences in the values between the students were not statistically significant for
cognitive and metacognitive strategies [df =164, t=1.158, p>0.05], resource management strategies [df =164,
t=1.382, p>0.05], and general learning strategies [df =164, t=1.604, p>0.05].

CONCLUSION

The cognitive-metacognitive strategies and resource management strategies of higher education technical
vocational school and engineering students were examined in this research. The study was performed on 166
volunteer students.

The findings showed that approximately 65% of all students used cognitive and metacognitive strategies while
learning. The results were similar for strategies of rehearsal, organization, elaboration, critical thinking, and
metacognitive self regulation. There was no significant difference between engineering students and higher
education technical vocational school students.

When the findings of the research were evaluated from the survey on cognitive and metacognitive learning
strategies, it could be listed as follows: the students (a) do not revisit the fundamental concept(s)/principle(s) of
the chemistry needed for rehearsal learning strategy, (b) do not like taking notes, focusing on the main idea of
the concept(s) and connecting concepts with the principles needed for organization learning strategy, (c) do not
perform deeper learning for the chemistry course, (d) do not comprehend the fundamental principles of the
chemistry related with their research area needed for elaboration learning strategy, (e) would prefer to memorize
concept(s)/principle(s) than to use critical thinking learning strategies (reasoning, evaluating, problem solving,
decision making, etc.), (f) do not plan, monitor, and regulate the process needed for the metacognitive self-
regulation learning strategies, (g) only aim getting a good grade instead of learning the course.

60% of the students used resource management strategies while learning. When findings of help seeking, peer
learning, effort regulation, and finally time and study environment strategies of students were evaluated, the
results were similar. The statistical differences between the engineering students and higher education technical
vocational school students were not significant.

When the findings of the research were evaluated from the survey on resource management learning strategies, it
could be presented as follows: the students (1) help their peers or classmates regarding the concept/principle
when they do not understand the subjects in the class instead of getting assistance from the instructors, (2) use
frequently use help seeking and peer learning strategies, (3) regulate their study time and environment for
studying based on spare time except of daily necessities (part-time job, transportation, etc.).
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In general, approximately 60% of the all students used learning strategies. It is surprising that even though the
academic achievement in entrance exam is different for engineering and higher education technical vocational
school students, similar trends of learning strategies were found. Findings reflected that the majority of the
students did not enjoy learning and studying fundamental courses such as chemistry. Students showed more
interest on technical courses than science courses.

RECOMMENDATIONS

It should be noted that the awareness of engineering or technical majored students on the importance of science
courses was obtained to be low. The perception of the students could be enhanced by various active learning
methods (inquiry based learning, peer led team learning, peer led guided inquiry, peer-instruction, problem-
based learning, etc.), educational technologies (applets, simulations, etc.), hands-on activities based on simple
chemistry experiment, project competitions on fundamental science, discussion daily-life aspect of the topics on
chemistry.
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ABSTRACT: This case study explores students’ physics-related personal epistemologies in school science
practices. The school science practices of nine eleventh grade students in a physics class were taped over six
weeks. The students were also interviewed to find out their ideas on the nature of scientific knowledge after each
school science practices. Analysis of transcripts yielded several themes which characterize students’ ideas about
the scientific knowledge in their school science practice. The findings show that students believe that scientific
data should be accurate; yet, while they collect data, they can make mistakes that do not change the conclusion
of experiments. Traditional, formulation-based, physics instruction might have led students to view physics
knowledge as unchanging and isolated pieces of facts, and physics problems as having one single answer. Future
implications and directions are discussed.

Keywords: personal epistemology, case study, science practices
INTRODUCTION

Personal epistemology (PE) is defined as what individuals believe about what counts as knowledge, and how
knowledge is constructed and evaluated (Hofer, 2008). Therefore, examining students’ PEs helps us understand
how students evaluate new information, and make fundamental decisions (Hofer, 2001).

Some researchers have argued that students’ PEs are tacit and complex, (e.g., Kelly, 2008). Cultural, curricular,
and social contexts are considered as important elements interweaving students’ PEs (Sandoval, 2009). Some
researchers have suggested examining students’ school science practices may be an appropriate way to shed light
on the complexity of students’ PEs (Elby & Hammer, 2010; Sandoval, 2005). Students’ practices in school science
may reflect their tacit beliefs about the nature of knowledge, the methods by which knowledge is produced, and
how it is evaluated (Metz, 2011; Sandoval, 2009). However, there are few studies that have examined students’
PEs through students’ school science practices (Metz, 2011, Yang & Tsai, 2012). Thus, there is a need to examine
how the ideas about the nature of scientific knowledge are interpreted in the social and cultural contexts in
schools.

Two perspectives have been used to examine individuals’ epistemologies. One perspective is psychological, which
views epistemology or beliefs in knowledge as personal, empirical, and contingent (NRC, 2007; Kittleson, 2011).
The other perspective is social, which views the beliefs in knowledge as situational and context-dependent (Kelly
et al., 2012; Yang & Tsai, 2012). The studies that consider both of these perspectives are rare. Investigating
students’ PEs from these two perspectives at the same time will help us draw a better picture of the students’ ideas
about scientific knowledge.

THEORETICAL MODEL

Hofer and Pintrich (1997) define PE as epistemic theories in four identifiable dimensions: (a) the certainty of
knowledge -focused on the perceived stability and the strength of supporting evidence, (b) the simplicity of
knowledge -the relative connectedness of knowledge, (c) the justification of knowledge -how individuals proceed
to evaluate and warrant knowledge claims, and (d) the source of knowledge -knowledge resides as an external
source or is constructed by learners.

LITERATURE REVIEW

Interviews and surveys are the most popular instruments to probe students’ PEs from the psychological
perspective in science education research. However, often the questions asked in interviews and surveys are about
the nature of scientific knowledge in general and they are decontextualized and abstract (Samarapungavan,
Westby, & Bodner, 2006). Some researchers argue that it may be misleading to attribute a particular stance to an
individual (Hammer et al., 2005). Furthermore, there is evidence that students’ epistemic reasoning is inconsistent
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across contexts (Driver et al., 1996; Leach et al, 2000; Sandoval & Cam, 2011). These studies suggested that
students’ epistemologies are complex, and multiple data sources should be used to probe students’ PEs (Driver et
al., 1996; Leach et al., 2000; Sandoval, 2005; 2009).

Researchers who studied epistemology as social practice asserted that characterizing students’ epistemology
requires paying attention to both students’ PEs and the way in which the context interact with individuals. Some
researchers argue that social and cultural contexts influence individuals’ ways of thinking and acting (e.g., Kelly et
al., 2012; Sandoval, 2005; 2009). In this view, knowledge and issues regarding knowledge are socially constructed
(Kelly, 2008). Therefore, rather than paying more attention to the individual consciousness, examining
epistemology should focus on the inter-subjectivity processes of a community (Kelly et al., 2012). This implies
that epistemic actions of community practice depends on the individual’s mind and the reflection of the other
members of the community.

A call for more naturalistic studies of PE has been made by several scholars (Sandoval, 2005; 2009; Elby &
Hammer, 2001; 2010; Yang & Tsai, 2012). There is evidence, for example, that what students report in a survey
or an interview about science is different from what the students do in science learning activities (Leach, 2006;
Kelly, 2008; Wickman, 2004). Taking into consideration both social and psychological perspectives on students’
practices of science will shed light on our comprehension of students’ PEs in classroom settings.

Research Questions:
1) What are the characteristics of students’ physics-related PEs in scientific practices?

2) In what ways are students’ PEs mobilized in school science practices? (a) In a teacher directed classroom
(lecturing)? (b)In laboratory activities?

Design and Participants

In this study, we utilized an instrumental single case study with qualitative methods. Merriam (2009) defines a
case study as “an intensive, holistic description and analysis of a single entity, phenomenon, or social unit” (p. 46).
This study was conducted at a charter school in South US in Fall 2013. The teacher, Mr. Bryan (pseudonym), has
four years teaching experiences. Nine eleventh grade students (16-18 years, 3 girls) participated. During six weeks
data collection, the topics covered in this physics class included a force and motion laws unit (15 hours), and
work-energy theorem (10 hours). Instructional activities included Mr. Bryan’s presentation of topics and whole
class problem-solving activities (15 hours). Laboratory activities included pendulum bob experiment, motion
without friction using motion detectors, motion with friction with the spring, the conservation of energy
experiment, and gravitational acceleration (10 hours).

METHODS
Data Collection and Analysis

In this study, we used multiple data collection methods including interviews, audio-recording of inquiry activities,
field notes, and students’ lab reports. All class sessions were audio-recorded and transcribed. Also, post-activity
group interviews at the end of inquiry activities were conducted.

One of the researchers observed the classroom activities in person over six weeks. He conducted interviews with
the nine students to have an initial idea about their understanding of the nature of scientific knowledge. Interviews
were conducted by using a semi-structured interview protocol. Interview questions were based on research on
dimensions of PE and the nature of science (Hammer, 1994; Tsai, 1998; Kittleson, 2011; Hofer & Pintrich, 2002).
The interviews included the following prompt questions: Do you think that scientific knowledge about [physics
subject that being covered] in textbooks (teachers and scientists) is always true? How do you know this equation
or etc.? [showing a formula from the textbook)] If you had to teach this equation to someone, how would you do
that?

Also, the researcher conducted post-activity group interviews at the end of inquiry activities. During the inquiry
activity, students might not verbally speak any dimension of PE, and this would lead to some part of the PEs being
left out. Therefore, the purpose of the post-activity interview was to enter into students’ perspectives about the
activity (Patton, 1990). The post-activity interviews included, for example, the following prompt questions: Do
you think that there is anything that you find for sure in your activity? What do you do when your results do not
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match the expected results from the theory? How do you draw conclusions from the experiment? Interviews were
audio-recorded and transcribed.

Audio-recording of students’ practices of science was another primary data source. It was used to capture
students’ conversations during the activity. A voice-recorder device was placed on each desk (a total of four
voice-recorders) where students’ voices were clear and distinguishable. All lessons (a total of 25 class sessions)
were audio-recorded and transcribed. Also, artifacts constructed by students were suggested as important to
characterize students’ PEs (Sandoval, 2009). Students’ lab reports or any artifacts they constructed at the end of
the activity were collected.

We utilized Cobb et al. (2001)’s “interpretive framework” to analyze data from both social and psychological
perspectives. According to Cobb et al. (2001), practices can be seen as cultural practices that are “emergent
phenomenon rather than an already-established- ways of reasoning and communicating” (p.121). The interpretive
framework consists of two dimensions: (a) social perspective and (b) psychological perspective. Social
perspective, inspired by socio-cultural theory (e.g., Lave, 1998; Rogoff, 1997) refers to “ways of acting,
reasoning, and arguing that are normative in the entire classroom community” (p. 118). Psychological perspective,
inspired by constructivism and theories of intelligence (Pea, 1992) is “the nature of individual students' reasoning
or, in other words, his or her particular ways of participating in those communal activities” (p.119). In this
analytical framework, the social and the psychological perspectives are dependent on one another. Thus one
cannot exist without the other, and vice versa, so that each forms the background for the other.

The analysis of the psychological perspective is to view the teacher and students as a group of individuals who
engage in acts as they interpret and respond to each other’s actions (Dohn, 2011). In the social perspective we
viewed the teacher and students as members of a local community who jointly establish communal practices
(Kelly, 2008).

We employed the constant-comparative method. First, we transcribed all audio-recordings of class sessions and
parsed each transcript into an episode (Cobb et al., 2001). Next, we summarized each episode by writing notes
about the nature of activity and topic. Then, we identified themes to characterize the topic. We employed open and
axial coding followed by the selective coding (Strauss & Corbin, 1990).

FINDINGS AND CONCLUSION

Thick description brings a rich description of students’ PEs to the reader (Creswell, 2007). Three themes emerged:
a) can we study physics without experiment, b) accuracy and precision of scientific data, and c) practicing
formula.

Can We Study Physics without Doing Experiments: A class session Mr. Bryan and the students talked about
theoretical physics (Einstein’s theory) versus experimental physics (Galileo’s theory) in gravity topic occurred.
All students were interviewed after the class session to further understand (a) what they thought about
theoretical and experimental physics, and (b) what methodology was convincing to them.

Although two students defined scientific theories as an idea needed to be tested at the initial interview, they chose
Einstein’s theoretical explanation over Galileo’s experimental explanation. This result suggests that how students
evaluated specific scientific theories is different from how they defined scientific theories in general at the
interviews.

Student 1: I guess Einstein. Because I heard of Einstein’s equations through 8 grade years, and I have always
heard of it. And | heard Galileo only at the 9™ grade. | heard Einstein more than others and that is why it makes
more sense.

The other seven students mentioned that Galileo’s experimental explanation is more convincing to them. These
students defined the theoretical explanation as an idea, and mentioned that experimenting is a required way to
explain phenomena in physics. The findings are consistent with the previous studies on students’ ideas about
scientific theory and experiment (Ibrahim et al., 2007).

Student 6: /'d say Galileo because all other ones were what they thought, but Galileo put it in an experiment.

Student 9: | think experimental because if you try experimenting how gravity works, it is more likely to be better
than just thinking about. Actually doing it is better.
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Accuracy and Precision of Scientific Data: In scientific inquiry students are expected to collect sufficient data
and state conclusions that are consistent with their data and the theory. From an epistemological perspective,
these expectations underscore how students know if scientific data are accurate and/or precise in scientific
inquiry.

The following themes emerged: scientific data must be accurate but can be precise, accuracy via following the
right procedure, and accuracy via what the others find.

Scientific data must be accurate but can be precise: Students are aware of the importance of the precision and the
accuracy of scientific data. Students indicated that they might have concern if they did not get the same or close
results while they did multiple trials.

Accuracy via following the right procedure: Students believed that their results were accurate if they followed the
right procedure and established the right experiment design. Students in this class mentioned that they might have
different numbers as scientific data but their interpretation would have to be the same. Students defined project-
based investigations as having multiple answers. They mentioned that if an investigation had multiple answers,
they did not think that they would get the same answer, suggesting that students are able to differentiate the
experiments they do in terms of whether the experiment is simple or complex.

Interviewer: Do you think your friend should reach the same results that you have found in your experiment?
Student 8: If the procedure tells you to do it in a certain way, then it is supposed to be the same results. If the
experiment is to drop the pencil off the table, then the result should include the same results. But it is different if it
is ending up floor or chair or something. It is important for them to have the same conclusion for you did right or
wrong.

Accuracy via what the others find: Students believed that their friends in the class should reach the same results.
Students indicated that if they did the experiment, the other groups should have gotten the same answer with them
because the experiment they did mostly have a single answer and they all followed the same exact procedure with
their peers.

Interviewer: Do you think your friend should reach the same results that you have found in your experiment?
Student 3: When we do lab experiments, we all get the same results. Sometimes like project, we don’t always get
the same results. If we drop something, we get 10 second but other groups get 11 second or sometimes we round
the number. It is not always we get the exact the same results. Sometimes they have experiments like equation
something like that. Sometimes there is only one right answer problem or experiments.

Practicing Formula: One theme emerged from the students’ school science practice in the teacher- directed
lectures and in the laboratory activities is practicing formula.

Practicing formula in teacher-directed lectures: Typically, in problem solving activity in this class Mr. Bryan
and the students worked together on the physics problems. Mr. Bryan began reading the questions to the
students. After the introduction of the question, Mr. Bryan explained the necessary steps to solve the problem.
Mr. Bryan’s and students’ talks in the following excerpts are typical conversations that occurred between him
and students in problem solving activities.

Conversation of Energy- 15 Dec 2013

Mr. Bryan: If we actually knew the mass of the rock, we could compare the mass we got and the mass they say
we got. Do you expect our mass will be higher or lower than the reported mass?

Student 2: Higher

Mr. Bryan: Do you expect to get a higher mass?

Student 2: What was wrong?

Mr. Bryan: Yeah. The answer we got is 18.99. Do you think the answer that came out would be bigger than the
actual reported value?

Practicing formula in laboratory activities: Mr. Bryan’s strategy for using laboratory activities was to

emphasize that students should be able to collect data to do the calculations for the formula that was being
covered. Sometimes, Mr. Bryan informed the students what results they would get from the experiment at the
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beginning of the activities. This may explain why students in the class believe that they would get accurate
scientific data from an experiment if they followed the right procedure. This study provides evidence of how
experiments that were used for refuting scientific theories in physics conceal the epistemological aspects of
scientific practice. It also supports the notion that in physics classes traditional teaching strategies that were
centered on acquisition of certain and absolute knowledge ignore the process of knowledge production.

Interviewer: In your class, you do a problem solving activity. Could you tell me how this activity is similar or
different from the experiment that you do?

Student 8: Problem solving is like what you know and how you basically bring them in paper and show in a piece
of paper. Experiment is hands-on, how you show what you know. Together they both were solving the same thing
but you get a feeling of hands-on during the experiment. So | think they are the same but in different ways.

Conclusion: Although the focus of this study was not to classify students’ views as naive or sophisticated, the
findings of this study show that the students in this study hold naive beliefs about the nature of scientific
knowledge and knowing. The students viewed a scientific theory as an idea or a thought that needed to be tested.
The findings of this study are consistent with the previous studies on students’ ideas about the relationship
between scientific theory and scientific experiment. Ibrahim et al. (2007) found that, typically, undergraduate
physics students viewed the experimental results as more accurate than the theoretical results, and the scientific
experiments were required to provide evidence about the phenomena in physics.

One interesting finding from this study is that although Student 1 and Student 7 defined scientific theories as an
idea or a thought that needed to be tested, they chose Einstein’s theoretical explanation as more convincing than
Galileo’s experimental explanation. Yet, it should be noted that the reason behind their choice is not whether the
explanation is theoretical or experimental. This is notable because this result suggests that how students evaluated
specific scientific theories is different from how they defined scientific theories in general at the interviews. This
result supports our argument at the beginning of the study as to why interviews may be insufficient to map
students’ PEs (Leach, 2000).

The students viewed the school science experiment they did as a simple experiment whether it had right or wrong
answer. Therefore, they reported that the number in the lab report would be different, but the conclusion would be
the same. One interesting finding from this study is that students defined project-based investigations as having
multiple answers. They mentioned that if an investigation had multiple answers, they did not think that they would
get the same answer. This result suggests that students are able to differentiate the experiments they do in terms of
whether the experiment is simple or complex.

Sin (2014) argues that in physics classes traditional teaching strategies that were centered on acquisition of certain
and absolute knowledge ignore the process of knowledge production. Furthermore, these strategies fail to have
students aware of key sociological aspects of the discipline and the ensuing epistemological implications related to
how knowledge claims have come into being and achieved validation (Sin, 2014). The results of this study support
the previous studies’ results that discuss the problems associated with traditional laboratory activities in high
school classroom (Brown et al. 1989; Samaranpungavan et al., 2006; Tobin & Gallagher, 1987). The previous
studies documented that typically students described their laboratory activities as simple and highly structured.
Students reported that “exactly what needed to be done in the activities was given” to them. Students already
knew the outcome of the experiments before they begin conducting it. In addition, the teacher observed in this
study provided hints to his students that the teacher thought would help them “correctly” do the calculations.
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ABSTRACT: Colored Petri Net (CPN) simulator for study and analysis of supply chain processes is described
in this paper and some experimental results obtained by its use are presented. This CPN simulator is one version
of the well-known beer game and overcomes some shortcomings we have noticed playing other beer games. The
beer game is a role-play simulation game that lets students (or managers as well) experience typical coordination
problems of supply chains. Supply chain consists of four stages (or co-makers): retailer, wholesaler, distributor
and manufacturer. The simulator allows calculation of different supply chain performances. It is developed using
a timed, hierarchical colored Petri Net and CPN Tools software package. The CPN structure developed and
presented in this paper consists of one top page and 17 sub-pages in four hierarchical levels, which models
decomposition of observed supply chain in sub-processes. For each stage, demand forecasting methods,
replenishment policies, production and delivery times, inventory costs, and customer’s demand may be defined
and given as input data for simulation run. In CPN Simulator we have used three strategies for demand
forecasting. First strategy is based just on the past demand and second and third strategies are based on adaptive
time series method: Moving Average and Exponential Smoothing Methods. We conducted three groups of
experiments, every group for a different strategy of demand forecasting and for every group we experimented
with several different parameters. The simulation results are exported to Excel and its visual presentation and
expressive reporting capabilities are used. This package is aimed for evaluation of different management
strategies in a supply chain, as well as for educational purposes. This developed model can efficiently be used
for teaching the bullwhip effect not only to undergraduate and graduate students, but managers as well.

Key words: supply chain, bullwhip effect, petri net
INTRODUCTION

Very important supply chain (SC) processes are order and delivery of purchased amounts. These are multiple
entangled and their disorder can lead to various unwanted effects. One of them is the bullwhip effect. Different
chain phases have different calculations on demand quantity, thus the longer the chain between the retailer and
wholesaler the bigger the demand variation. A retailer can realize a small variation in customers’ demands as a
growing trend and purchase from wholesaler more products than he needs. An increased order at wholesalers is
larger than at retailers as the wholesaler cannot regularly comprehend the increased order. As the chain grows
longer the order is larger. If a retailer plans the product promotion he can increase the order. If a manufacturer
comprehends the increased demand as constant growth and in the same manner makes purchases, he will face
the problem of inventory surplus at the end of promoting period, (Chopra S. and P. Meindl, 2001). Variation of
demands increases production expenses and expenses of the whole supply chain in an effort to deliver the
ordered quantity in time. A manufacturer accomplishes demanded capacity and production but when the orders
come to a former level, he remains with the surplus of capacity and inventory.

Originally, beer game was created as a board game that demonstrates beer production and distribution as shown
in Figure 1, but now there are several electronic games for simulating Beer Game (Li M. and D. Simchi-Levi,
2002; http://beergame.masystem.se:8000/; http://www.forio.com/nearbeer.htm). However, all electronic games
for simulating Beer Game we have found allow experiments with the strategies of one SC participant per game.
Because of that fact our motivation was to design simulator that allows one participant to simultaneously
experiment with the parameters of all SC stages. That type of simulator we have developed using hierarchical
Coloured Petri Nets (CPN).
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Figure 1. Beer Game Board, Showing Initial Conditions (Sterman J. D., 1992)

Coloured Petri Nets are a modelling language developed for systems in which communication, synchronization
and resource sharing play an important role. CP-nets combine the strengths of ordinary Petri nets with the
strengths of a high-level programming language. Petri nets provide the primitives for process interaction, while
the programming language provides the primitives for the definition of data types and the manipulations of data
values. CPNs have an intuitive, graphical representation, which is appealing to human beings (Makajic-Nikolic
et al., 2006). A CPN model consists of a set of modules (pages) which each contains a network of places,
transitions and arcs. The modules interact with each other through a set of well-defined interfaces, in a similar
way as known from many modern programming languages. The graphical representation makes it easy to see the
basic structure of a complex CPN model, i.e., understand how the individual processes interact with each other
(Jensen K., 1997). It is shown that CPN can handle concepts of dependencies and coordination mechanism as
well as by use of decomposition and specialization concepts in an easy way (Makajic-Nikolic D., Vujosevic M.,
2002; Malone, T.W., Crowston, K., Lee, J., Pentland, B. et al., 1999).

Numerous papers give examples for the Petri Net usage in modelling and SC analysis. Van der Vorst, et. al.
(2000) have considered SC as a business process, which is to be redesigned, and in that case many different
redesign scenarios are to be tested. PN is used to support a decision-maker in choosing the best-fit scenario.
Supply chains in food industry are also modelled in Bhushan N. and K. Gummaraju (2002). The authors propose
supply chain management of perishable items combining the TTI and Wireless technologies. They compare the
proposed futuristic SC with the existing situation using simulation of Generalized Stochastic PN. An approach to
SC Process Management (SCPM) based on high-level Petri-nets, called XML-nets, is presented in von Mevius
M. and R. Pibernik (2004). Computer Integrated Manufacturing Open System Architecture (CIMOSA) based
process behavior rules and Object-oriented PN (OPTN) are used in [Dong M. and F.Frank Chen (2001) to
model the routing structures of a typical SC process. In Kemper P. (2000) author show how Generalized
Stochastic PN bridges the gap between application formalism like process chains and analysis methods for
concurrent systems like PN analysis methods. In Landeghem R.V. and C.-V. Bobeanu (2002) the authors
propose an implementation of an incremental approach to modeling discrete events systems at the structural
level of systems specification. They consider the entire system and coordinate decisions at each stage of the
supply chain. Using the example of the Beer Game, a systematic method supports the bottom-up construction of
reusable models of supply chains in the Petri nets domain. The paper Makaji¢-Nikoli¢ D, B. Pani¢ and M.
Vujosevi¢ (2004) describes a simulation model designed for teaching the bullwhip effect. It explains a
simulation model, where all participants behave in the same way, using a timed, hierarchical CPN and software
package CPN Tools for the simulation and performance analysis of such a chain.

Supply chain which contains sub suppliers, e.g. suppliers that are hired by the subcontractors, is modeled with
PN in (Zegordi and Davarzani, 2012). The authors emphasize the importance of disruptions modeling in the
supply chain, especially when these disorders are caused by inter-state relations. These relations can affect on
the relationships between subcontractors, manufacturers and retailers from different countries.

PN that models the “quality conflict” between supplier and producer is introduced in the paper (Liu, Fang, Fang
and Hipel, 2012). This conflict is caused by the extreme situations that can affect prior made business deals.
Methodology which can help the decision maker to develop the PNCA - Petri Net for Conflict Analysis in order
to make the right decisions in these conflict situations is presented in this paper.

Zhang and Cheng (2014) propose use of specific class of PN — fuzzy PN for risk modeling and with a possibility
to warn of the risk in the supply chain.
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CPN MODEL OF SUPPLY CHAIN

We have observed simplified SC, with one participant per each phase — a retailer, wholesaler, distributor and
manufacturer. The two main activities of each of the participants are:

Delivery of purchased products. At the moment of receiving the order it has to be checked if the inventory stores
the needed products. Total amount of the ordered products is delivered if the inventory shows sufficient amounts
of products. Otherwise, if the inventory amounts do not suffice the chain participants deliver incomplete orders
and form backorder for fulfillment when the next delivery comes.

Forming one’s orders according to new orders. Since a certain amount of products is delivered from a personal
inventory, new orders are made from the next SC participant in order to keep the needed level of inventory. We
have considered and modeled three different ordering strategies based on three demand forecasting methods: last
period demand (LPD), moving average with weighted periods (MAW) and simple exponential smoothing
(EXP). If the inventory stores enough products (forecasted trend and safety inventory), the chain participant
doesn’t order. If the inventory shows a shortage of products, the amount, that recharges forecasted trend and
safety inventory level is ordered.

Top Page and First Level Sub-pages

The described SC was modelled by timed Hierarchical Coloured Petri Nets (Jensen K., 1997), and then
performed simulation using the software package CPN Tools (http://wiki.daimi.au.dk/cpntools). The net
structure consists of one top page and 17 sub-pages in four hierarchical levels, which models decomposition of
observed supply chain in sub-processes. The top level of the model is the whole supply chain: a customer and
the four mentioned phases, and one sub-page that generate customer’s demands. Figure 2 shows the top-level
CPN and demand generating sub-page as well as hierarchical structure of the whole CPN at the left side of the
CPN Tools environment.
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Figure 2. Top-level CPN of Simplified Supply Chain

A customer is presented by a place named customer whose initial marking represents demand in time initiate.
The four phases (participants), a retailer, wholesaler, distributor and manufacturer are presented by means of
substitution transitions. A sub-page (i.e. sub-nets: Retailer, Wholesaler, Distributor and Manufacturer) models
each participant. The processes modeled by those sub-pages are the specializations described delivery of
purchased products and forming one’s orders according to new orders processes. Figure 3 shows sub-pages
Retailer and Manufacturer.
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CPNs, which model Retailer, Wholesaler, Distributor (i.e. suppliers) are the same. However, a manufacturer is
the last SC link and, in a way, he acts in the same manner as suppliers, with the difference that instead of making
an order for the next chain participant, he decides what amounts to produce in the following period. Sub-pages
for suppliers and manufacturer are detailed explained in Makaji¢-Nikoli¢ D, B. Pani¢ and M. Vujosevi¢ (2004).
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»Tool box Binder 0
> Help
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Figure 3. Retailer and Manufacturer Sub-pages
Demand Forecasting Strategies Sub-pages

In CPN Simulator we have used three strategies for demand forecasting. First strategy is based just on the past
demand. Second and third are based on adaptive time series method: Moving Average and Exponential
Smoothing Methods (Chopra S. and P. Meindl, 2001). Hereafter, CPN models of those methods will be
explained, as well as the choice one of them during experiments.

Each sub-page at first level has one substitution transition of type strategy choice (see sub-pages in Figure 3).
These substitution transitions are presented by sub-pages type strategy choice which model choice of
forecasting methods for each SC participant. The top sub-page on Figure 4 shows retailer’s sub-page
strategy_choice.

We have designed a CPN, which allows each SC participant to choose one of three mentioned strategies. Sub-

page strategy choice models this choice using parameters in Declarations at the left side of CPN Tools
environment in Figure 4, and guard functions.
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Figure 4. Sub-pages for Strategy Choice and Moving Average Methods

None

The last period demand method is presented by means of transition strategy latestp on sub-page strategy
choice and with guard function [strategy R=1], which means: this transition may occur only when the value
strategy_R in declaration is set to 1. Declaration also shows that the value strategy R=2 refers to choosing of
Weighted Moving Average method, and strategy_R=3 means that Exponential Smoothing method is choisen. R
in the name of this parameter refers to the Retailer. Other SC participant has analogous parameters for strategy
choice: strategy W for a wholesaler, strategy D for a distributor and strategy_M for a manufacturer. Those two

strategies are presented by means of sub-pages.

Figure 4 also shows sub-page moving average (at the bottom-right side). In Weighted Moving Average
Method we estimate the level of trend in period t as the average demand over the most recent N periods. We

assign weights W, to each period. We assign weights W, to each period. This represents a N-period moving

average. Thus, we have the following:
Lo = (P W+ Py Wy ot P W I+ Wy bty ) (D)
After observing the demand for period t+1, we revise the estimates as follows:
Lot = (Pt Wea + Py W Py Wy )Wy + W W) @

In sub-pages type strategy_maw function mav is assigned to the transition moving_average. This function is
defined in declaration shown at the left side of the figure 4.

fun mav(pl,p2,p3,wl,w2,w3)=(pl*wl+p2*w2+p3*w3)div(wl+w2+w3) 3)

We use 3 last periods for calculate average, and it is possible to define weights for those 3 periods (see
declaration in Figure 4).

At the bottom-left side of the Figure 4 CPN model of the Exponential Smoothing Method is shown. In this
method the initial estimate p; of demand is taken to be the average of all historical data. Demand in the next

period is demand forecast for last period p and part of error in the last period p, — p:

Py =P+a(p, —p) )

44



International Conference on Education in Mathematics, Science & Technology (ICEMST), April 23 - 26, 2015 Antalya, Turkey

where « is a smoothing constant, 0<a <1.

In sub-pages type strategy exp, function exp is assigned to the transition strategy exp. It is defined in
declaration shown at the left side of the figure 4.

fun exp(p,alfa,pl)=p+(alfa *(p1-p)) div 10 5)
(This modification of this function is done because of the fact that CPN Tools deal only with integer numbers.)
Inventory Replenishment Policies Modeling

After using one of the three strategies, the trend is forecasted. Then, in accordance with this trend, inventory
level and function order(i,j) (6), each SC participant calculate one’s order according to new orders.

fun order(i,j)= if (j<i+Is) then (i+Is-j) else 0 (6)

Variables i and j represent received order and the inventory, respectively. Function order(i,j) behaves as
explained at the beginning of this section. In order experiment with different inventory replenishment policies,
level of safety inventory (Is) is given as a parameter.

SIMULATION RESULTS
CPN we have formed is the simulator, which allows easy experimenting with four different parameters:

Demand forecasting methods. Each player can choose one of three predefined and modeled demand-forecasting
methods and define their parameters and weights. Trend of orders is calculated using these methods.

Inventory control policy. Our CPN simulator allows defining different delivery function. It also allows defining
of different behavior CS participants in forming one’s orders according to new orders, calculated trend and the
needed level of inventory.

Customer’s demands in time.

The times needed for creating personal orders, the production and delivery procedures. Those times can be
deterministic or stochastic.

CPN Tools enables saving of simulation report in the files which can be opened using MS Excel. This report
involves all data about simulation flow, i.e. transition firings: simulations step, time and used tokens. However,
from such a format of report it is very difficult to extract and analyze the data. This is why we use MS Excel
macros for the transformation and analysis of simulation reports. According to the simulations results we can
measure different performances whose changes are the consequences of player’s decisions: reactions of
participants to sudden changes in customer demands (the bullwhip effect), changes in inventory in a time,
surplus of inventory goods, changes in inventory costs and backorder costs in a time, inventory level at the end
of simulated period, total costs of each SC participants and of the entire SC.

Experimental Results

Using CPN simulator we have made three groups of experiments. In each group we observe the four mentioned
parameters (demand forecasting methods, inventory control policy, customer’s demands and the lead times) and
vary one of them. All simulations are replicated 30 times, and then the average values are calculated.

I group of experiments — four different parameters for Exponential Smoothing Method

Demand forecasting method: Exponential Smoothing Method, «={0,1, 0,2, 0,3, 0,4}.

Inventory control policy. fun order (i,j)= if (j<i+60) then (i+60-j) else 0.

Customer’s demands. For first 12 weeks demand is: 60, 60, 60, 60, 120, 150, 180, 170, 180, 150, 200, 170. For
the rest of the year (40 weeks) customer’s demands are generated using function fun Norm (120,10) and sub-net
demand generating.

The lead times: 2 weeks
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Figure S. Customer’s Demands
Results:

Table 1. SC Costs for four different parameters for Exponential Smoothing Method

a Average SC Average SC backorder | Average SC total
inventory costs costs costs
0,1 8356,6 10179,3 18536,0
0,2 12754,0 9917,4 22671,4
0,3 13728,3 9973,3 23701,6
0,4 141445 9920,4 24064,8

The table 2 shows that the costs of entire supply chain are minimal for & =0,1. That is the reason way the rest

of the experiments are made for & =0,1 when the Exponential Smoothing Method is used.

11 group of experiments — different demand forecasting methods

Demand forecasting methods:

The last period demand method (LP)
Weighted Moving Average Method (MAW) for 3 periods and weights: w;, =0,1,w, =0,3, w; =0,6
Exponential Smoothing Method (EXP), a=0,1
Inventory control policy. fun order (i,j)= if (j<i+60) then (i+60-j) else 0.

Customer’s demands. For first 12 weeks demand is: 60, 60, 60, 60, 120, 150, 180, 170, 180, 150, 200, 170. For
the rest of the year (40 weeks) customer’s demands are generated using function fun Norm (120,10) and sub-net
demand generating.

The lead times: 2 weeks

Results:

Table 2. Average Order’s Peaks for SC Participants

Demand Retailer’s Wholesaler’s Distributor’s Manufacturer’s
average average Average Average
peak peak Peak peak
LP 354,3 309,0 279,1 239,6
MAW 309,8 285,7 257,8 232,5
EXP 250,4 235,4 2129 182,0
. Last period method Moving average method Exponential Smoothing Method
490 ) — cusen - 300 P——
s | — || 1 o e —
20 W N a TR B VL3 v 1 e ¢ 150 | " 1 —
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Table 2 and Figure 6 show the expected results: the last period demand method gives the biggest bullwhip effect,
and the exponential smoothing method gives the lowest bullwhip effect. However, table 3 shows unexpected

Figure 6. Bullwhip effects for different demand forecasting methods

result: all methods give the similar costs.
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Table 3. Average Inventory And Backorder Costs For SC Participants

Average costs Manufacturer Distributor Wholesaler  Retailer SC
Inventory 2230,45 2651,33 2210,92 1023,93 8116,63
LP Backorder, 2663,07 2894,13 2497,30 2009,77  10064,27
Total 4893,52 5545,47 4708,22 3033,70  18180,90
Inventory 2101,82 2894,82 2231,67 1188,35 8416,65
MAW Backorder 2818,70 2679,50 2503,73 1865,27 9867,20
Total 4920,517  5574,317 47354  3053,617  18283,85
Inventory 1689,85 2886,77 2519,03 1260,97 8356,62
EXP Backorder, 3165,83 2618,43 2595,77 1799,30  10179,33
Total 4855,68 5505,20 5114,80 3060,27  18535,95

111 group of experiments — different lead time

Demand forecasting method: Exponential Smoothing Method (EXP), a=0,1

Inventory control policy. fun order (i,j)= if (j<i+60) then (i+60-j) else 0.

Customer’s demands. For first 12 weeks demand is: 60, 60, 60, 60, 120, 150, 180, 170, 180, 150, 200, 170. For
the rest of the year (40 weeks) customer’s demands are generated using function fun Norm (120,10) and sub-net
demand generating.

The lead times: 2 weeks and 1 week

Results

Table 4. Average Inventory and Backorder Costs

Average costs Manufacturer Distributor Wholesaler Retailer SC
Inventory 1689,85 2886,77 2519,03 1260,97 8356,62
Lead time 2 |Backorder 3165,83 2618,43 2595,77  1799,30  10179,33
Total 4855,68 5505,20 5114,80 3060,27  18535,95
Inventory 1450,42 1346,60 1199,72 896,70 4893,43
Lead time 1 [Backorder 2114,33 1897,50 2060,33  1606,90 7679,07
Total 3564,75 3244,10 3260,05 2503,60  12572,50

Table 4 and Figure 7 show the expected results: longer lead time results in higher costs and bigger bullwhip
effect.

Lead time = 1 week Lead time = 2 weeks

order
300

M Customer Customer

. - Retailer

A 1' [ f Retailer
_I | 7‘ miy Wholesaler A n n |\I\ Wholesaler
rr Distributor v ~) Distributor
[ Tl T
“ 'F | \ Manufacturer M \ I ‘I I V I \ Manufacturer
| | 50 U l
1 5 9 13 17 21 25 29 33 37 41 45 49 time 1 5 9 1317 21 25 29 33 37 41 45 49 time

Figure 7. Bullwhip Effects For Different Lead Times

CONCLUDING REMARKS

The paper describes how we have modeled CPN simulator of order and delivery processes of the purchased
amounts processes in a supply chain. We have designed simulator that allows one participant to simultaneously
experiment with the parameters of all SC stages. Furthermore, using this simulator, a player can define in
advance the rules of demand forecasting and inventory control policy. According to the results of simulations we
can measure different performances whose changes are the consequences of player’s decisions: reactions of
participants to sudden changes in customer demands (the bullwhip effect), changes in supply level in a time,
surplus of inventory goods, the costs of SC participants and of the entire SC, etc. This simulator is developed
using hierarchical Coloured Petri Nets (CPN). We have made three groups of experiments and obtained some
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expected but also some unexpected results. We have shown that it is possible to form a CPN model of a supply
chain, which allows easy experimenting with different parameters and strategies of all SC stages.
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PRESERVICE SCIENCE TEACHERS’ CONCERNS FOR EDUCATING
STUDENTS WITH SPECIAL NEEDS IN THEIR FUTURE
CLASSROOMS
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ABSTRACT: In this study, the authors examined senior preservice science teachers’ (PSTs) concerns for
educating students with disabilities in science classrooms. Eight PSTs were involved in the study. The constant
comparative data analysis was performed. PSTs’ concerns for inclusive education were categorized into two
themes: PSTs’ concerns about themselves and PSTs’ concerns about students with disabilities. Under each, there
existed several sub issues. For the first category, data analysis yielded that PSTs were concerned about being
unable to cope with extra workload by accepting students with disabilities; lacking of enough training for
educating those students; insufficient pedagogical knowledge; and scarce knowledge about disabilities. PSTs’
concerns about students with disabilities included three sub-issues which were: not devoting enough time for
disabled students’ science learning; not to be able to achieve their science learning in terms of science content
and science process skills, and not to be able to help them develop positive attitudes toward science. The results
were discussed and implications for teacher education were made.

Key words: inclusive education, science education, students with special needs
INTRODUCTION

In recent years, teaching students with special needs in general education classrooms has been a common goal of
education researchers. With simplest words, this approach is called as inclusive education. “The practice of
serving students with a full range of abilities and disabilities in the general education classroom with appropriate
in-class support” is defined as inclusion (Roach 1995, p. 295). The supporters of inclusive education express that
all students with disabilities should be placed in regular school classrooms in which they receive support
services (Nielsen 2002). An individual with a disability is defined as a person who differs from the average or
normal person in “mental characteristics, sensory abilities, communication abilities, behavior and emotional
development, or physical characteristics” (Kirk, Gallagher, Coleman, & Anastasiow, 2012, p. 3). However
inclusive education raises many concerns in terms of general education teachers. The recent reforms in inclusion
evoked the need of the change in teacher education programs with the purpose of training preservice teachers
(PTs) to be able to educate students with special needs in regular schools (Peebles & Mendaglio, 2014). This
change in teacher education programs was required because many countries have accepted the inclusion within
the goal of their education systems (de Boer, Pijl, & Minnaert, 2011). Herein, teachers are accepted as the key
persons for successful and effective inclusive education in regular schools (de Boer, Pijl, & Minnaert, 2011).
Therefore, eliciting their concerns about inclusive education is important for successful implementations.

Teachers’ Concerns about Inclusive Education

Teachers’ concerns can have an impact on the implementation of inclusion in terms of quality of instruction
which students receive in inclusive classrooms (Leyser & Tappendorf, 2001; Sharma & Desai, 2002). Especially
general education teachers who think that they are not prepared for teaching in inclusive classrooms may display
disappointment and, in turn, negative thoughts toward inclusion (Peltier, 1997). Other factors such as the
resource and personnel availability, family involvement, and support from administrative staff also affect
teachers’ practices in inclusive classrooms (Leatherman & Niemeyer, 2005; Odom & McEvoy, 1990; Rose &
Smith, 1993). These factors may also increase teachers’ concerns. Teachers’ concerns should be investigated and
opportunities should be provided for reducing their concerns.

METHODS
Research Purpose

This study examined senior preservice science teachers’ (PSTs) concerns for educating students with disabilities
in science classrooms.
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Research Design, Participants and Data Collection

For this study we employed a case study framework. Eight PSTs agreed to participate in this study voluntarily.
Their ages ranged from 21 to 23. They were in their last semester of elementary science teacher education
program. They all completed subject matter courses (e.g., physics, biology, chemistry) and pedagogical courses
(e.g., teaching methods, measurement and evaluation, classroom management). Additionally, they completed
practicum (courses completed were School Experience and Teaching Practice) in cooperating schools during the
fall and spring semesters of their last year. Semi-structured interviews were conducted by one of the authors to
reveal the concerns of PSTs in terms of inclusion.

Data Analysis

In data analysis of a qualitative study, the researchers’ role is to make sense of data gathered through interviews,
observations and documents. Moreover, they interpret the data and the interpretation of the data is reported in
terms of categories, themes, theory or models (Merriam, 1998). For this study constant comparative method was
used to analyze the data. It was developed by Glaser and Strauss (1967). They stated that “the analyst starts by
coding each incident in his data into many categories of analysis as much as possible, as categories emerge or as
the data emerge that fit an existing category” (p. 105).

RESULTS AND FINDINGS
The focus of this research was to investigate PSTs’ concerns for inclusive education. Constant comparative
method of data analysis revealed that PSTs held concerns related to themselves and related to students with
disabilities.
PSTs’ concerns about themselves
Under this category, there emerged four sub-issues: being unable to cope with extra workload by accepting
students with disabilities; lacking of enough training for educating those students; insufficient pedagogical
knowledge; and scarce knowledge about disabilities.

All participating PSTs were concerned about the workload increased by accepting students with disabilities. The
following are several common statements of PSTs about this issue.

It [accepting students with disabilities) will really increase the work that teachers have to complete.

Science teachers already have a lot to do. They [students with disabilities] will increase their duties
and so they may not be effective.

Additionally all PSTs in this study stated that they did not get any training during teacher education for
educating students with disabilities.

Teaching students with disabilities is another whole world. | am not educated for it.
We did not get any course about teaching science to those students. How can | teach science to them?

Half of the participating PSTs referred to insufficient pedagogical knowledge for educating students with
disabilities.

| think that there should be specific science teaching methods for teaching science to students with
disabilities.

I do not know how | can use the teaching methods that | learned for those students. They are special
and the way they learn science can be different. | also do not know how to assess their learning.

Seven of PSTs mentioned that they do not have enough knowledge about disabilities.
When you say students with disability, it does not mean a lot to me. | do not know what those kids can
do or cannot do.

PSTs’ concerns about students with disabilities

In addition to the PSTs’ concerns about themselves, they were also concerned about students with disabilities.
There existed three sub-issues under this category. These are: not devoting enough time for disabled students’
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science learning; not to be able to achieve their science learning in terms of science content and science process
skills, and not to be able to help them develop positive attitudes toward science.

All PSTs complained about lack of time to teach science to students with disabilities. Sample statements are:

A class hour is 40 minutes. It is difficult to devote extra time for students with disabilities. | can only
focus on other students’ science learning.

I am not sure | can teach the topic to all students in the classroom. Disabled students require extra
time and there is not time.

Five of PSTs held concerns about not to be able achieve science learning in terms of science content and science
process skills.

It is really difficult for me to teach them science content and specific science process skills, for
example observation or conducting experiments. It seems really difficult...

Teaching science is related to science content and science process skills. For me to be a successful
teacher, students should have both. But | am not sure whether those special students could have.

A majority of PSTs (6 PSTs) were concerned about not to be able to help students with disabilities develop
positive attitudes toward science.

I have really concerns if I cannot help them [students with disabilities) like science and science related
jobs.

I am not sure whether they [students with disabilities) feel positive attitudes toward science in my
classroom.

CONCLUSION

This study aimed to find out the concerns preservice science teachers held for educating students with special
needs in their future science classroom together with non-disabled students. Results revealed that they had
concerns about themselves related to inclusive education. They were concerned of being unable to cope with
extra workload by accepting students with disabilities; lacking of enough training for educating those students;
insufficient pedagogical knowledge; and scarce knowledge about disabilities. They were also concerned about
students with disabilities in their general science classrooms. They were concerned about whether they can
devote enough time for disabled students’ science learning, they can teach them science content and science
process skills and they can help them develop positive attitudes toward science. As results showed, PSTs hold
serious concerns about educating students with disabilities in general science classrooms. Inclusive education is
quite common in nowadays, thus they probably may have such students in their classrooms. However, their
concerns may lead to frustration and they may feel unsuccessful in educating those students.

RECOMMENDATIONS

In Turkey inclusive education was legislated in 1983. It was 1992-1993 school-year when disabled students
were included in pre-college regular classes for the first time. Since then, Ministry of National Education
(MoNE) repeatedly articulated one of its mission as to educate disabled individuals with their peers in public and
private schools from pre-school to secondary education (e.g. MoNE, 2000; 2010). However, teacher education
programs in Turkey do not offer inclusive education courses except the ones that train PTs in special education.
As a result, a majority of PTs are not equipped with sufficient pedagogical and practical skills for inclusion in
teacher education programs. For that reason, the authors of this study recommend that teacher education
programs, regardless of major area, should offer several courses including basic training in special education.
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ABSTRACT: This study investigated the challenges of teaching preservice science teachers (PSTs) articulated
within the context of their practice teaching in mentor schools. Six PSTs were interviewed at the end of their
fourth year in science teacher education program. All PSTs completed their practice teaching in the same mentor
school. They observed two different science teachers in six, seven, and eight grade science classrooms as well as
teach in those classrooms. The constant comparative method was used to analyze their interview data. The
results indicated that PSTs encountered five main challenges during their teaching practice. All PSTs expressed
that there were students with disabilities in the mentor school and they were not trained for teaching science in
inclusive classrooms. As a result, those disable students were not involved in classroom activities. The next
problem PSTs identified was that they were not allowed to make enough teaching practice in mentor schools due
to mentor teachers’ concerns about covering the curriculum. The third one they clarified was that they do not
have enough pedagogical content knowledge. Preservice science teachers also experienced problems with
classroom assessment and classroom management due to lack of enough training. Although they took one course
for measurement and evaluation, they thought they were not knowledgeable enough for assessing science
learning effectively. In terms of classroom management, they believed that they learned the theory but they
lacked practice. Results were discussed and implications were made for teacher education programs.

Key words: teaching practice, teacher education, preservice science teachers, science education
INTRODUCTION

Teaching practice is central element of teacher education programs because it provides student-teachers first-
hand experience (Maphosa, Shumba, & Shumba, 2007; Ngidi & Sibaya, 2003; Perry 2004; Quick & Sieborger,
2005). Teacher education is related to how and what teachers should know about subject matter and pedagogy;
how they thought and how they learned in preservice programs and schools (Cochran-Smith, 2004). This is
critical for well-prepared and effective teachers. The quality of teaching in schools depends on the quality of
training student-teachers receive during teacher education program. Feiman-Nemser (2001) emphasized that
policy makers and educators are realizing that what students learn in schools is directly connected to what and
how teachers teach which, in turn, depends on the knowledge, skills, and commitment they gain during teacher
education. Moreover she argued that not only students require powerful learning in schools, but also teachers
need powerful learning before starting their professions. Although teachers receive training during teacher
education, they may still face difficulties in performing their profession due to some problems in teacher
education. There is important evidence in the literature that the success of teachers does not only depend on
theoretical knowledge, but also on practical experience (e.g. Lingam, 2002; Williams, 1994). Therefore,
researchers should focus more on the classrooms in which practical experience take place. Crookes (2003)
pointed out that much of what is happening in the classroom taught by preservice teachers remains unknown.
With this in mind, this study aspired to investigate what difficulties preservice science teachers experience in
real classroom environment during their teaching in cooperating schools. More specifically the following
research question was investigated: "What are the challenges preservice science teachers face in trying to meet
the expectations of real classroom environment?"

METHODS
The Participants and Study Context

The main aim of this investigation is to find out the challenges preservice science teachers (PSTs) face in their
teaching practice in mentor schools. Six PSTs were interviewed at the end of their fourth year in science teacher
education program. All PSTs completed observing elementary schools (School Experience Course) during fall
semesters of their last years in teacher education program. In the course of this experience, they observe school
and classroom environment, the way mentor teacher instructs science in 6, 7 and 8 grades. However they do not
experience practice teaching in science within the scope of this course. In the spring semester, however, in
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addition to observation, they also practice teaching science in mentor schools. The PSTs in this study completed
their teaching practice in the same mentor school. They observed two different science teachers in six, seven,
and eight grade science classrooms. This course, namely Teaching Practice Course, aimed to provide student
teachers with the opportunities for obtaining experience in observing and participating actively in all the diverse
educational activities in the school. This course included finishing a minimum of 6 hours of classroom
observation and participation each week in mentor schools.

Research Design, Data Collection and Data Analysis

The research was conducted using a case study approach and qualitative data gathering methods. Data collection
focused on answering the research problem of the study which was exploring the problems which challenge
PSTs in doing their professions. The data source included semi-structured interviews with participants
individually about the problems and difficulties they had during their visit in mentor school. Data analysis
focused on the identification of common patterns that emerged from the semi- structured interviews without
using a pre-established system of categories or codes.

RESULTS AND FINDINGS

Our close analysis of data through the constant comparative method revealed that preservice science teachers'
problems during their teaching practice could be collected under five main categories. These were lack of
training for teaching science to students with disabilities in inclusive classrooms, insufficient teaching practice
in mentor schools, lack of pedagogical content knowledge, lack of training for classroom assessment and, the
last one, lack of training for classroom management.

All PSTs expressed that there were students with disabilities in the mentor school and they were not trained for
teaching science in inclusive classrooms. As a result, those students were not involved in classroom activities.
For example the following PST stated that

What can | do with a student having mental disability in my science classroom? How can | teach
science to her or how can she learn? | do not know.

Another PST stated that
When students are working in a group and doing an experiment, the student with disability could not
participate and | felt bad because | did not know what to do. I just told him sit and wait until the end of

the group activity.

All PSTs also referred to the insufficient teaching practice in mentor schools due to mentor teachers’ concerns
about covering the curriculum. The next quote exemplifies this.

We are required to teach at least two times in mentor schools by university instructors and mentor
teachers obey this. However this is not enough. | should experience teaching more. Our mentor
teacher complains about lack of time and not to be able to cover the topics in the curriculum.

The third prevalent problem among PSTs was the lack of pedagogical content knowledge. For example the PST's
statement below illustrates this;

Sometimes | know the subject but | do not know how to teach it so | just try to cover the topic.

Another PSTs noted that

I am confused about using teaching methods. Not all methods are appropriate for all topics.
Preservice science teachers also experienced problems with classroom assessment.

| just ask questions whether students remember what | told. For example in my last practice teaching,
at the end of the lesson I asked "what force is, whether it has direction"... some of them answered
some not. | think this is not effective.

Lastly, PSTs had difficulty for classroom management due to lack of practice in courses they took during teacher
education.
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I could not control the students. We took a course about it but we just made lots of readings without
understanding what classroom management really means. Our instructors didn't let us practice it.

CONCLUSION

This study aimed to find out the problems and difficulties preservice science teachers experienced after they
completed school experience course in their teacher education program. Five main categories were identified as
a result of data analysis. These were lack of training for teaching science to students with disabilities,
insufficient teaching practice in mentor schools, lack of pedagogical content knowledge, lack of training for
classroom assessment and, the last one, lack of training for classroom management. It was not surprising that all
PSTs stated that they do not know how to teach science to a student with disability because there is not such a
concern in teacher education programs. There is not a compulsory course for this purpose in elementary science
teacher training program in Turkey. However, this is important because the vision of science curriculum in
Turkey is set to educate all students scientifically literate without considering individual differences. The second
problem, insufficient teaching practice stated by participants, was also expected since teaching only two times
for a whole semester is not enough for a teacher candidate. This is the only opportunity that PSTs get before they
graduate and start teaching as a profession. The mentor teachers do not allow more because they are concerned
about curriculum. However, PSTs are also concerned due to lack of practice in teaching. Classroom assessment
is usually ignored by many teachers and we believe that this also does not get enough importance in teacher
education programs. As a result, participants in this study neither used classroom assessment strategies nor they
used it very simply. Similarly, classroom management was not so emphasized in teacher education programs and
PSTs do not get enough practice for it.

RECOMMENDATIONS

The fundamental goal of teacher education programs should be prepare competent teacher candidates. Cochran-
Smith (2004) stated that the goal of teacher preparation programs was to design the social, organizational, and
intellectual contexts wherein prospective teachers could develop the knowledge, skills, and dispositions needed
to function as decision makers. Teacher preparation is important because they are responsible for student
learning in classrooms. Therefore teacher educators should pay attention to the problems explored in this study
and those programs should be redesigned to address them.
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DETERMINING AND COMPARING THE PHYSICS ATTITUDE
STATE AT A SOCIAL SCIENCE HIGH SCHOOL: AN EXAMPLE OF
DENIZLI IBRAHIM CINKAYA SOCIAL SCIENCE HIGH SCHOOL
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Denizli ibrahim Cinkaya Sosyal Bilimler Lisesi

ABSTRACT: The purpose of this study is to investigate and determine the Physics Attitude Level of Social
Science Secondary High School students, to compare them based on gender and grade variables and to
determine correlation between physics achievement and physics attitude.

The sample of the study was selected as an accessible population by using sample of convenience way. It covers
409 students of preparatory, ninth, tenth and eleventh grade levels, 246 were female and 163 were male,
attending at Social Science Secondary High School in Denizli.

Survey method, the most common descriptive study methods of quantitative approach, was used. There was only
one instrument to get data, Physics Attitude Questionnaire, consisting of thirty questions. It was applied to
subjects and analyzed with SPSS 17.0. In the analysis of the data, independent sample t-test for comparisons
based on gender and class variable, one way ANOVA test for comparisons based on class variable and Pearson
correlation were used.

As a result of the study, average level of physics attitude was found at all the grade levels. According to gender
variable, significant difference was found in favor of boys in general and for ninth and tenth grade levels.
According to class level variable, significant difference was found between both eleventh and ninth and eleven
and preparatory grade levels in favor of preparatory and ninth grades. In addition to them, correlation between
physics achievement and physics attitude was found significant in general and for ninth grade students.

Key words: physics attitude, social science high school, gender, class level
INTRODUCTION

Personal attitude level of a person plays very significant role in his or her interest and response to science and
technology issues (OECD, 2013). Therefore, one of the major goals of physics education is to support students’
motivation (Pesman, 2012), because interest is an important for deep conceptual understanding and students
have some problems with physics lessons (Capri, 2013). The less interest students have towards science, the less
motivation they have and the less successful they are. If students are interested and motivated in learning
physics, it may improve their learning of science (Pesman, 2012).

Nowadays, because of technological developments and advances, science and technology have a significant
effect on people’s living and lifestyle. This shows us how much the science and science education are important
for the people’s daily life. In every aspects of daily life, people can see the effects of technology and science on
their living, because science, especially physical science, not only provide these technological advances and
devices for us but only provides us to understand these technological developments, our world we are living on
and events.

Science and its applications have particular value in improvement of both the quality of personal life and
communities (OECD, 2013). So students have to get some scientific knowledge and skills to understand the life
and use their knowledge of science related to science and technology. The main purpose of physical science
education is to make people see the science everywhere in their living, understand the life is physics itself, solve
problems by using scientific methods and foster scientifically literate person (MEB, 2011; MEB, 2013). In order
to reach aims and gains above, physics lessons are to be made more understandable and effective. It mostly
depends on students’ interest and attitude (Nalcaci, Akarsu and Kariper, 2011), because attitude is one of the
most important factors that has an important effect on the students’ success in physics (Capri, 2013).

However, education is a lasting process in order to shape pupils’ behavior and attitudes (Korur, 2001).
Therefore, investigation of attitude level may be a good guide to make school education more effective and
fruitful. This research aims at developing physics teaching by determining and showing attitude level and the
relationship between achievement and attitude.
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The purpose of this study is to investigate and determine the Physics Attitude States of Social Science High
School students and compare them based on gender and class level variables and investigate correlation between
physics achievement and physics attitude.

METHODS

This research is a quantitative research. In the research, the questionnaire method which is one of the mostly
used methods is used for data collection (Fraenkal, Wallen and Hyun, 2012).

Problem Statement

What are the physics attitude levels of Social Science High School students and correlation between physics
achievement and physics attitude?

Research Group

The accessible population of the study is decided as all the students at Denizli Ibrahim Cinkaya Social Science
High School. The sampling method is convenience sampling. The research group is a total of 409 students
including 246 girls (60,1%) and 163 boys (39,9%). They are from four classes of preparation, ninth, tenth and
eleventh grades. Number of the female students is higher than number of the male students. Descriptive statistics
are shown at Table 1 below.

Table 1. Participants Of The Research Group

Variables F M N %
Preps 76 40 116 28,4
Grades 9 68 50 118 28,9
10 56 32 88 21,5
11 46 41 87 21,3
TOTAL 246 163 409 100%

In the research, convenience sampling technique, which is one of the nonrandom sampling methods, is used to
determine accessible population which is reachable (Fraenkel, Wallen and Hyun, 2012).

Data Collection Tool
Physics Attitude Questionnaire

In the research, Physics Attitude Questionnaire, which was developed by Nalgaci, Akarsu and Kariper (2011)
and has Cronbach Alpha relability coefficient ,940, was used as data collection tool. In the research Cronbach
Alpha reliability coefficient was found as ,923. It consists of twelve negative and eighteen positive totally thirty
five-point likert type questions. In the questionnaire, “Absolutely Agree”, “Agree, “Undetermined”, “Disagree”,
“Absolutely Disagree” expressions were used. Scores for positive attitude items are scored as 5 for “Absolutely
Agree”, 4 for “Agree”, 3 for “Undetermined”, 2 for “Disagree” and 1 for “Absolutely Disagree”. For negative
attitude items, scoring is done reversely.

After the participants were informed about the importance of the research and application and sincerely given
answers were wanted from the students, students were given 15-20 minutes to answer the questionnaire.

Data Analysis
After the application process, questionnaires were checked one by one and erroneous or incomplete data sets

were removed and discarded. Remaining data sets were analyzed by SPSS 17.0 packet program. In order to
make necessary decisions, one way ANOVA, independent sample t-test and Pearson correlation were used.
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RESULTS AND FINDINGS
The results and findings of the research are presented here.
Results For Gender Variable
In this part data is analyzed in terms of gender differences at two parts. First part is about Physics Attitude
Questionnaire and the second part is about physics achievement.
Physics Attitude Questionnaire
To determine the significance of the difference of means of Physics Attitude Questionnaire points in terms of
gender variable, independent samples t-test is used. Firstly data is analyzed in terms of all students at school in

general and secondly in terms of grade levels.

The result of the independent samples t-test in terms of all the students at school in general is given at Table 2
below.

Table 2. T-test For Gender Variable For All Students

Gender N X S. D. T df p
Female 246 2,79 ,715 "
Male 163 2,97 655 2981 407 012

* The mean difference is significant at the level ,05
As it is seen at Table 2, the difference between the means of Physics Attitude Questionnaire points in terms of
gender variable is found significant in favor of male students (p<,05). That means, boys have significantly
higher attitude points than girls at Physics Attitude Questionnaire.

The result of the independent samples t-test in terms of grade levels is given at Table 3 below.

Table 3. T-test For Gender Variable For Grade Levels

Grade  Gender N X S.D. 1 df D
Prep F:Arg?;e 4718 égg ;gg -,913 114 ,363
° e s d;s e eSm e o
10 Flf/lrg?e!e gg ggi ggé -2,161 86 033*
M Ve W w69

* The mean difference is significant at the level ,05

According to Table 3, the difference between the means of Physics Attitude Questionnaire points in terms of
gender variable is found significant for ninth and tenth grade levels in favor of male students (p<,05). That
means, boys have significantly higher attitude points than girls at ninth and tenth grades at Physics Attitude
Questionnaire.

Physics Achievement

To determine the significance of the difference of the means of first term physics points in terms of gender
variable, independent sample t-test is used. Firstly data is analyzed in terms of all students at school in general
and secondly in terms of grade levels. At social science secondary high school, only ninth and tenth grades
students are studying physics and their first term physics points are taken and used. At preparation and eleventh
grade levels, physics is not studied and so there can’t be any result and finding about these classes.

Table 4. T-test Of Physics Achievement For Gender Variable For All Students

Gender N X S.D. t df p
Female 124 7456 9.276 -
Male 82 70,94 9,696 2,693 204 008

* The mean difference is significant at the level ,05
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The result of the independent samples t-test in terms of all the students at school in general is given at Table 4
below.

According to Table 4, the difference between the means of first term physics scores in terms of gender variable
is significant in favor of girls (p<,05). That means, girls have significantly higher attitude score than boys.

The result of the independent samples t-test in terms of grade levels is given at Table 5 below.

Table 5. T-test Of Physics Achievement For Gender Variable For Grade Levels

Grade Gender N X S. D. t df 5
Female 68 71,76
’ Male 50 73,00 1,071 116 286
Female 56 74,33 .
10 Male 32 67,73 2,970 86 ,004

* The mean difference is significant at the level ,05

According to Table 5, the difference between the means of first term physics scores in terms of gender variable
is significant for tenth grade in favor of girls (p<,05). That means, girls have significantly higher attitude scores
than boys at tenth grade.

Physics Attitude Questionnaire Results For Grade Level Variable

To determine the significance of the attitude test results in terms of grade levels variable, One Way ANOVA test
is used. In order to use One Way ANOVA, firstly the equality of variances was checked by Levene’s Statistics.
Its result is given at Table 6.

Table 6. Test Of Homogeneity Of Variances
Levene Statistics dfl df2 p
163 2,97 ,060

According to Levene’s Statistics for grade levels, equality of variances is provided (p>,05). After equality of
variances is provided, One Way ANOVA test is done. Its result is given at Table 7.

Table 7. One Way ANOVA For Grade Levels

Variables N X S.D. Df F P
Preps 116 2,99 ,064 3
9 118 2,98 ,663 -
Grades 10 88 277 '599 282 6,248 ,000
11 87 2,64 ,780

* The mean difference is significant at the level ,05
According to One Way ANOVA results, average levels of attitude level were found for each class level. The
difference among the means of Physics Attitude Questionnaire in terms of grade levels is significant (p<,05). In
order to decide the tendency among grade levels, Tukey HSD is used as Post Hoc Test.

Table 8. Multiple Comparisons For Grade Levels

TUKEY HSD Mean Difference  Std. Error p

Preps 9 ,015 ,089 ,998
10 ,226 ,097 ,092

11 ,356* ,097 ,002*

9 Preps -,015 ,089 ,998
10 211 ,096 ,128

11 ,341 ,097 ,003*

10 Preps -,226 ,097 ,092
9 -,211 ,096 ,128

11 ,130 ,103 ,590

11 Preps -,356* ,097 ,002*
9 -,341 ,097 ,003*

10 -,130 ,103 ,590

* The mean difference is significant at the level ,05
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Its result is given at Table 8 above.

According to Multiple Comparisons test for grade levels, the difference between prep grade and eleventh grade
classes and between ninth grade and eleventh grade classes were found significant in favor of lower grade levels
(p<,05). Also it was seen that attitude scores were getting lower when grade levels went up.

Correlation Between Physics Achievement and Physics Attitude
To determine the between physics achievement and physics attitude, Pearson Correlation was used. For this,
firstly correlation is measured for all the students at school in general and secondly for grade levels.

Pearson Correlation for all the students at school in general is given at Table 9. According to Table 9, there is a
significant correlation between physics achievement and physics attitude (p<,05).

Table 9. Correlation Between Physics Achievement and Physics Attitude
Pearson Correlation N p
,148 206 ,033*
* The mean difference is significant at the level ,05

Pearson Correlation for grade levels is given at Table 10.

Table 10. Correlation Between Physics Achievement and Physics Attitude

Grade Pearson Correlation N p
9 ,184 118 ,047*
10 ,073 88 497

* The mean difference is significant at the level ,05

According to Table 10, there is a significant correlation between physics achievement and physics attitude for
only ninth grade level (p<,05).

CONCLUSION

At Ibrahim Cinkaya Social Science Secondary High School, an average level of attitude was found. According
to data analysis, for each grade level and for school, students’ attitude level is between 2,60 and 3,15 points.
Despite it is a social science secondary high school, students have positive ideas about physics course. It may be
because they are generally successful and selected students by secondary schools enterance exam and they are
really interested in their courses like a science secondary schools.

In terms of grade levels, lower grades have significantly higher attitude scores and the higher grade students are
at, the lower points at Physics Attitude Questionnaire they have. Aktamis, Caligkan and Aktamis (2012) found
that attitude level is going down while grade level goes up.

Science education researches show that the gender may have influence on attitude towards science (Demirci,
2004). In this study, in terms of gender variable, male students have higher attitude scores than female students.
That means, boys have more positive attitude level than girls at physics lessons. Pesman (2012) revealed clearly
that males were observed to have significantly higher levels of attitudes towards physics. It is also found that
boys have higher attitude points than girls by some other researches in the literature (Aktamis, Caliskan ve
Aktamus, 2012; Pesman, 2012; Demirci, 2004). It may be because of cultural expectations of parents, teachers
and peers on males and females (Pesman, 2012).

Significant correlation is found except for tenth grade level. But in terms of physics achievement, female
students have higher achievement points, while male students have higher attitude scores. Keskin (2008) found
that there is no significant correlation between achievement and correlation.

RECOMMENDATIONS

In this study, it wasn’t possible to make a research at other schools. It may be helpful and meaningful to do this
study at different schools and school types.

In the literature, there weren’t more studies about attitude and achievement levels in terms of gender difference.
It can be studied in order to make clear the relationship between them at different grade levels.
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In this study, it wasn’t possible to make a research about the reasons of high or low physics attitude levels. It can
also be studied in order to make physics courses more likable than now, because everybody may be in the need
of knowledge of physics anytime.
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ABSTRACT: Experiments play an essential role in science research and also in science education. The first
experiments were part of science teaching/learning at universities already at the beginning of the nineteenth
century. The effectiveness of science education through students engaging in practical activities was preferred
by some but doubted by others. The contemporary constructivist approach in science education promotes
students’ experimentation because students have a greater share in activity and inquiry. Not only are student
experiments important for teaching/learning science, but also demonstration experiments play an important role
as well. The goal of our design-based research is to answer the question: Does the demonstration experiment
have a place in today's constructivist science teaching/learning? What innovations are appropriate for the
implementation of demonstration experiments in today’s constructivist science teaching/learning? As a result of
our design-based research we found several principles for the effective implementation of demonstration
experiments in teaching/learning science: an emphasis on the objective of demonstration experiments, controlled
observation of demonstration experiments, and development of students” thinking and creativity in
demonstration experiments. The appropriate implementation of these demonstration experiments in science
education can lead to a better understanding of the nature of experiments, as well as to a better understanding of
science concepts, phenomena, science processes and science laws and to increasing the required educational
objectives. The next student gain is acquaintance with the experimental skills needed for their own meaningful
experimentation under the guidance of a teacher. These skills include the ability to observe consistently and
accurately, to use the apparatus correctly, to measure, to create and to test hypotheses of observed phenomena, to
analyse results of experiments and to draw conclusions.

Keywords. constructivism, demonstration experiment, science education
INTRODUCTION

Experiments have been used as an irreplaceable instrument in science education for more than two hundred
years. From the perspective of contemporary constructivist educational theory there has been an increase in the
importance of students” experimentation, which is the basis of students” activity as a foundation for the active
creation of their knowledge and skills acquisition. Demonstration experiments carried out by teachers are not at
the centre of interest now. But these experiments had a significant role in science education in the past and in our
opinion they still have this role. It is important to determine the place of demonstration experiments in science
instruction nowadays and whether the time of their revival is coming.

The permanent significance of demonstration experiments has been indicated in some studies (Hodson, 1990,
1993; Milner-Bolotin, Kotlicki, & Rieger, 2007; Zimrot & Ashkenazi, 2007) where it has been verified that
students remember and understand appropriate demonstration experiments more than "recipe-following™ student
experiments, in which students follow prescribed procedures and hope to achieve the right answer (known by the
teacher in advance).lt is necessary to analyse the role of the student and the demonstration experiment in
constructivist teaching/learning science. Sokoloff and Thornton (1997) have developed a learning strategy called
the Interactive Lecture Demonstration based on students” prediction and observation of demonstrations in a
peer-based environment. They speak about the active learning environment and implementation of these
demonstrations has shown a dramatic improvement in student attitudes and understanding.

Experts and especially teachers sometimes do not consider the role of demonstration experiments to be very
important. Even their incentive effect is questioned. Properly implemented demonstration may help overcome
misconceptions and can prevent the emergence of misconceptions (Risch, 2014; Roth, McRobbie, Lucas, &
Boutonne, 1997; Thornton & Sokoloff, 1990; Sokoloff & Thornton, 1997). We try to identify the advantages
and disadvantages of demonstration experiments and to modify their implementation. Based on a study of
literature and using design based research we have developed recommendations for the performance of
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demonstrations and have applied them in science education. The evidence shows that students of all ages learn
science better by actively participating in the investigation and the interpretation of science phenomena and that
well-designed demonstration experiments allow students to gather, analyse and communicate data and can help
students to better understand science (Mazzolini, Daniel, & Edwards, 2012). Therefore, students need to be
motivated for demonstration experiments and to be engaged in observation and discussion. In our study we try to
explain why now is the right time for a revival of demonstration experiments in science education.

RATIONALE

We have mentioned the reasons why it is necessary to pay attention to demonstration experiments, not only
students’ ones. The basis of our considerations could be the history of the implementation of demonstration
experiments in science education. This historical analysis can yield significant findings about the factors and
conditions that have led to a different emphasis on student and demonstration experiments.

History of Demonstration Experiments

The first demonstration and student experiments were part of science education at universities from the
beginning of the nineteenth century. For example, the first laboratory chemistry course in the UK was
implemented in 1807 by T. Thomson at the University of Edinburgh (Morrel, 1969, 1972). This approach was
gradually reflected in education at primary and secondary school levels. It was considered important to allow
students to perform experiments in England in the late 19th century. In 1899, school experimentation was
established as a basic requirement for teaching science at most schools in England (Gee & Clackson, 1992). At
that time, experiments played a crucial role as confirmation of the theory. A similar process of implementation
of experiments took place gradually in many countries. The first hundred years of science experimentation was
focused on the support of transmissive teaching. Yet it is possible to recognize some approaches emphasizing
the importance of student experiments, especially for promoting understanding of science phenomena. The
effectiveness of science education through practical students’ activities was also doubted. This caused the first
discussions about the relationship between student and demonstration experiments and their roles in education.
For example in the beginning of the 20" century Armstrong spoke in favour of students” experimentation, which
he preferred to demonstration experiments carried out by teachers (Hodson, 1990).

This debate, however, was affected by factors of efficiency and economics of school experimentation. Student
experiments were expensive and time consuming. A significant disadvantage of student experiment was the
cognitive inefficiency that arose when an experiment was performed exactly following the guidelines without
thinking and without the cognitive activity of the students. These student experiments did not bring about the
expected results (Hodson, 1990, 1993) in the understanding of teaching contents. Therefore, in the 1930s in
Britain, and similarly in the world, more attention was paid to demonstration experiments (Hodson, 1993).

The discussion about the importance of student and demonstration experiments has continued. Recently, a
number of studies have dealt with the effectiveness of practical students’ activities in relation to achieving
educational objectives (Hofstein & Mamlok-Naanam, 2007). The significance of demonstration experiments,
their effectiveness and proper implementation in instruction have been discussed by a number of authors (Bowen
& Phelps 1997; Johnstone & Al-Shuaili, 2001; Bodner, 2001; Zimrot & Ashkenazi, 2007). There are no evident
research results demonstrating a clear relationship between students” experience of experimentation (especially
in laboratories) and their learning (Blosser, 1980; Bryce, & Robertson, 1985; Hodson, 1993; Hofstein & Lunetta,
1982, 2004; Lazarowitz & Tamir, 1994).

In the second half of the last century there has been shift towards student experiments in connection with the
implementation of constructivist theory into science education. This situation still remains. Students’
experimentation has a crucial role in the currently preferred educational strategy IBSE (Inquiry-based Science
Education). The widely held constructivist view of learning advocates student engagement via interactivity.
However, some studies point to a lack of student engagement in some students” experimentation. Some authors
(Hodson, 1993) ask the question what students” activity is developed if they work according to precise
instructions and passively fill in the obtained data in prepared charts or relationships in worksheets. Such activity
does not contribute to active knowledge and understanding of phenomena, because the majority of students do
not know what they are doing and why. Research findings document (Shrama et all, 2010; Wieman, Perkins, &
Gilbert, 2010) that after only passively doing an experiment students come away with an incorrect interpretation
of the verified phenomenon! Contrary to common belief, demonstration can be based on a constructivist view of
learning. For example the above mentioned specific strategy for physics education, the Interactive Lecture
Demonstration (Laws, Sokoloff, & Thornton, 1999; Thornton & Sokoloff, 1990; Sokoloff & Thornton, 1997),
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has been developed to enhance conceptual understanding. According to Shrama et all. (2010), the Interactive
Lecture Demonstration is designed for large lecture classes and, if measured using specific conceptual surveys,
is purported to provide learning gains of up to 80%.

We can conclude that all efforts of educators were (and we think always will be) aimed at improving students
gains. There is agreement among experts that the way to do this is through the engagement of students. Well-
designed demonstration experiments can engage more than "recipe-following™ laboratory exercises.

Advantages and Disadvantages of Demonstration Experiments

Based on our analysis we have determined the advantages and disadvantages of demonstration experiments.
Among the major advantages are that it is highly important for students to acquire the essential skills for
experimentation under the guidance of teachers. These skills are needed for their own meaningful
experimentation. These student competences include the ability to observe consistently and accurately, to use the
apparatus correctly, to measure, build and test hypotheses of observed phenomena, to analyse the results of
experiments and to draw conclusions.

Demonstration experiments are performed by teachers individually or in cooperation with one or more students,
in front of the whole class. The advantage is that all students have the opportunity to observe the experiment in
progress intently and at the same time. Therefore, it is usually less expensive and time-consuming than student
experiments. The teacher can significantly affect students’ attention focused on a particular part of the
experiment, which could be disturbed by a strong, but less significant stimulus if performing student
experiments.

Students learn how to identify the causes of natural processes, connections and relationships between them, to
ask questions (How? Why? What happens if?) and to search for answers, to explain the observed phenomena, to
look for and solve cognitive or practical problems, and to understand the importance of learning regularities of
natural processes in order to predict or influence them.

Demonstration experiments have a completely irreplaceable role in the demonstration of dangerous phenomena
and materials such as chemicals, fire, boiling water, electricity, etc. Many experiments are difficult to implement
(Brownian motion, etc.), they take a long time (plant growth, etc.) or are economically difficult (expensive
chemicals, etc.).

The biggest disadvantage of demonstration experiments is the reduced activity of students and limited
perception of experiment through more senses. During the performance of student experiments we can speak
about the complex interconnection of hands on and minds on activities of students but during demonstration
experiments especially hands on activities are reduced. But it is possible using an appropriate procedure to
activate minds-on activities. It is possible to reduce or even eliminate the disadvantages of the demonstration
experiment,

RESEARCH QUESTIONS AND METHODS

The objective of our design-based research is to answer the questions: Does a demonstration experiment have a
place in today’s constructivist science teaching/learning? What innovations are appropriate for the
implementation of demonstration experiments in today’s constructivist science teaching/learning? Our study
presents an example of an appropriate method of implementation of demonstration experiments in science
education which combined students’ and teacher’s activities.

We used design-based research (Reeves, 2006) as a development research method which can be described as a
cycle: analysis of a practical problem, development of solutions, evaluation and testing of solutions in practice,
and reflection and production of new design principles.

In our case these steps have the following form:

(1) Analysis of practical problems: we identified the existing problems in the implementation of demonstration
experiments in science education.

(2) Development of solutions with a theoretical framework: we created a method (model) of the implementation
of demonstration experiments with the use of interaction: teacher - students.

(3) Evaluation and testing of solutions in practice: our co-researchers - science teachers used action research for
testing these model of implementation of demonstration experiments in science lessons.
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(4) Documentation and reflection to produce “Design principles”: the final stage of our research was the
documentation and establishment of the three design principles for the implementation of demonstration
experiments in science education.

RESEARCH RESULTS AND DISCUSSION

The result of our design-based research is the conclusion that demonstration experiments play an important role
also in constructivist teaching/learning. There is a lot of discussion about different ways of implementing
demonstrations and their effectiveness in promoting student understanding of science concepts. Contrary to the
common belief that seeing a demonstration experiment makes students understand or at least remember the
phenomena C. Wieman, Nobel Laureate in Physics states, based on his experiences of lectures, that passive
observation of a demonstration experiment has educational effects similar to experiments not seen at all
(Wieman, Perkins, & Gilbert, 2010). The research findings of Crouch, Fagen, Callan, & Mazur (2004) and Di
Stefano (1996) are in agreement with this statement, but their research also shows that learning and
understanding is enhanced by increasing student engagement. Based on findings that students may fail to learn
from demonstrations if they lack opportunities to discuss what they “saw” and what it meant, experts
recommend discussion (Roth, McRobbie, Lucas, & Boutonne, 1997; Laws, Sokoloff, & Thornton, 1999).
According to research findings (Milner-Bolotin, Kotlicki, & Rieger, 2007; Moll, & Milner-Bolotin, 2009)
students remembered not what they saw, but what they expected to see. Therefore, students need to discuss the
presented phenomenon, their observations and conclusions. In this case teachers have the possibility to correct
their mistakes and conceptual understanding.

Using our design-based research (Reeves, 2006), we have come to a few important principles for the
implementation of demonstration experiments in science teaching/learning: emphasis on the objective of
demonstration experiments, controlled observation of demonstration experiments and development of students’
thinking and creativity in demonstration experiments (Trnova, Trna, & Novak, 2013). On the basis of these
established principles we have compiled a model of implementation of the demonstration experiment in science
teaching/learning.

Emphasis on the Objective of Demonstration Experiments

Teachers must state a clear educational objective they want to achieve through a demonstration experiment.
Regarding initial motivation, a surprising experiment is enough. Educational objectives can be understanding of
science concepts, phenomena and laws or developing skills associated with experimentation such as designing
experiments, setting up experimental apparatus, analysing and presenting outcomes of the experiment and
drawing conclusions etc. According to the selected objective the teacher should define appropriate involvement
of students in the performance of demonstration experiments.

A very important educational objective of demonstration experiments is developing skills associated with
designing experiments, setting up the experimental apparatus, etc. These skills are very important for students’
experimentation. Many problems with low effectiveness of students’ experimentation are connected with the
low level of these skills. For example in chemistry or physics lessons students very often have problems with
setting up the experimental apparatus, which is the “starting point” for the experiment. Consequently, the gains
of students” activities are unsatisfactory. Demonstration experiments provide a convenient means for acquisition
of the necessary skills. Teachers can ask students for suggestions regarding the apparatus and correct and explain
their mistakes.

Controlled Observation of Demonstration Experiments

Observation (cognition) is of great importance for understanding natural objects, phenomena and laws.
Observation results are often an important starting point and the foundation of students” knowledge and skills.
When performing a demonstration experiment it is very important for the teacher to distinguish between mere
perception (i.e. passive perception of stimuli from the environment) and observation (i.e. intentional and active
perception of stimuli from the environment directly connected with mental activity) with respect to age and
individual characteristics of students. When preparing a demonstration experiment the teacher must consider
how to achieve the best students” controlled observation.

The main activities of the teacher in fostering students’ observation include:

(a) Determining the exact target of observation (students must know exactly what, how and why they are
observing an experiment)
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(b) Teaching students how and what to observe, what to notice and in what order

(c) Establishing appropriate observation tasks (neither too easy nor too difficult - with respect to age and
individual characteristics of students)

(d) Connecting observation with comments, verbal description of the observed object or phenomenon

(e) Encouraging students to be consistent, independent and patient and to develop a set of the necessary
communication skills

(f) Summarizing observations and drawing conclusions (the emphasis is put on essential characteristics)

(g) Drawing students” attention (appropriate duration of the experiment, stimulating students” attention with
questions, etc.)

(h) Making sure the experiment can be observed by all students in the classroom

Controlled observation and comments on the ongoing experiment allow students to create the right ideas about
the presented phenomena and object features. Compared with student experiments the teacher can check more
efficiently whether students draw the right conclusions.

Development of Students’ Thinking and Creativity in Demonstration Experiment

The school environment and the teachers are among the most important factors for the development of students”
thinking and creativity. To support divergent thinking in students, the teacher should pay attention to students’
original, innovative, and unusual ideas and encourage them to become creative individuals. Well-designed
demonstration experiments can help to create an appropriate environment and atmosphere for problem solving
and other creative activities and they tend to change the role of students from being only spectators to being
participants. During well-designed demonstration experiments the following creativity components (Amabile,
1996) can be developed:

. Resourcefulness: students create a wide flow of ideas about the presented concept, phenomenon or law.

. Readiness, perceptiveness: students modify ideas or jump from one idea to another in the context of the
demonstration experiment.

»  Originality (unusualness of ideas): students create original ideas for solving problems in the context of the
demonstration experiment and verify them in practice.

. Imagination: students produce ideas that are not obvious at first sight.

+  Endeavour: creativity is not only inspirational, but also hard work; if current ideas are not enough, students
come up with new ideas or approaches.

Based on our findings of design based research, it is good practice to divide students into groups. Each student
can participate in designing the experimental apparatus, in the procedure for the performance of the
demonstration experiment and in searching for answers, explaining the observed phenomena, looking for and
solving cognitive or practical problems. Each group presents the results of its work to the other classmates. The
teacher can support students’ discussion, can correct misconceptions and verify conceptual understanding
(Risch, 2014).

Model of Implementation of Demonstration Experiments

Based on the above mentioned principles and analysis of literary sources we developed a model of
implementation for demonstration experiments (Trnova, Trna, & Novak, 2013). We recommend using the
following procedure for each demonstration:

(1) Before the demonstration the teacher asks students to record individual predictions.

The best activity for the development of thinking and creativity is predicting the progress and outcomes of the
experiment. Students create and record their own opinions of how the experiment should develop and why.
(2)Teacher prompts students to discuss with classmates.

The students consult their opinions with their peers in the group. This leads to required confrontation of
students’ concepts. The teacher can specify students” ideas during the presentation of individual groups, point
out any misconceptions and correct them. He/she can also add missing information.

(3) The teacher (maybe in cooperation with one or more students) carries out the demonstration.

When performing experiments students confront their ideas with the real progress of the experiment. As
mentioned above, the teacher teaches students to observe, and points out important phenomena, process,
changes, etc.

(4) The teacher asks students to discuss the results in the context of the demonstration.

After the demonstration, the students first discuss the results in groups. They compare their predictions with
reality. After that, each group presents their findings. The degree of the teacher’s involvement is given by the
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level of students’ knowledge and skills. The teacher can monitor whether the students know what has happened
in the experiment and why, and check the level of educational outcomes. At a low level of knowledge the
students can just be involved in anticipating the progress of the experiment and there can be an explanation after
the implementation by the teacher himself/herself. It is always advisable to let students express their opinion so
that the teacher knows whether they understood the presented phenomenon correctly.

(5) The teacher encourages discussion about analogous situations that are based on the same concept.

For the teacher, this step may be an indicator of the extent to which students understand the demonstrated
phenomenon. It is also very important for the development of thinking and creativity in students.

Such students’ involvement in demonstrations corresponds to constructivist teaching/learning fully and
minimizes the differences between student and demonstration experiments. According to research (Hofstein &
Mamlok-Naanam, 2007; Laws, Sokoloff, & Thornton, 1999), students are motivated by such activities more
than by laboratory work, which often limit activity. According to experts (Milner-Bolotin, Kotlicki, & Rieger,
2007; Laws, Sokoloff, & Thornton, 1999; Crouch, Fagen, Callan, & Mazur, 2004; Di Stefano, 1996; Roth,
McRobbie, Lucas, & Boutonne, 1997) the gain of a demonstration experiment like this is understanding of
concepts and phenomena.

Example of a Model Demonstration Experiment

We present an example of a model of demonstration experiment preparation and collection of carbon dioxide
CO, in different liquids when students verify its properties. We describe our procedure during the demonstration
based on the above mentioned model recommendations:

The teacher, in collaboration with the students, sets up 3 gas collection apparatuses using a descriptive image of
the apparatus (Figure 1) as a guideline. As mentioned above it is necessary to revise knowledge about setting up
chemical apparatus, to explain and show the procedure.

Instructions for implementation of the demonstration experiment:

Pour 20 cm® of 10% hydrochloric acid HCI solution into the separation funnel and put 3 g of calcium carbonate
CaCQginto the distilling flask. Shut the graduated cylinder filled to the brim with a selected liquid (water or lime
water or saturated solution of NaCl) with a stopper, dip under the same liquid in the glass tub and then open it
again. Slowly drop by drop add HCI from the separation funnel, which immediately reacts with CaCQOj to give a
colourless gas CO, that collects in the graduated cylinder. Observe and compare reactions in each apparatus
and explain (see Figure 1).

Figure 1. Preparation and Collection of CO,

(1) Before carrying out the experiment the teacher asks students to record individual predictions of chemical
reactions. Students predict the reactions in individual apparatuses and justify their suggestions based on the
properties of CO,, which is soluble in water and is acidic oxide. Therefore, the reactions occurring in the
individual apparatuses, where CO, is collected in different liquids, are different. They predict chemical changes
during individual chemical reactions.

(2) Students discuss the chemical reactions in individual chemical apparatuses.

The teacher prompts students to discuss their individual predictions of chemical reactions with their nearest
classmates. Students discuss their predictions of how the chemical reactions will perform, they justify their
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statements and write down the estimated chemical process using chemical equations. If necessary the teacher is
in the role of counsellor.

They come up with a chemical reaction that can be used for the preparation of CO, and they write it down in the
form of chemical equations.

The following chemical reaction was suggested for the presented demonstration experiment:

CaCO; + 2 HCI — CaCl, + CO, + H,0

(3) The teacher (maybe in cooperation with one or more students) carries out the demonstration.
The students observe the chemical process. According to the level of student knowledge the teacher comments on
the ongoing experiment.

The teacher’s comments during the experiment:

- If water has been used, CO, dissolves in water partially, but the remaining CO, extrudes water from the
cylinder and accumulates in it. The volume of the liquid in the cylinder is reduced.

- If lime water has been used, it reacts with CO, to form a milky colour caused by insoluble CaCO;. The carbon
dioxide reacts with Ca (OH), in the cylinder and the glass tub and extrudes it. The volume of the liquid in the
cylinder remains unchanged (or changes very little). Mixing pure carbon dioxide with lime water makes the lime
water milky white at times. This chemical reaction (sometimes called the lime water test) is used to detect the
presence of CO..

- In the case of a saturated solution of NaCl all the liquid is extruded from the cylinder because CO, does not
react with NaCl solution and it is not soluble in it. If students can calculate the amount of CO, produced, they
can verify whether the volume produced during the reaction corresponds to reality and compare it with the
alternative when CO, was collected into water.

(4) The teacher asks a few students to describe the chemical reactions, especially changes in individual
graduated cylinders. Students can compare their own observation with their classmates, which is important for
the acquisition of the right knowledge. Then students discuss the real chemical process results in the context of
the demonstration. Students compare their predictions with the actual course of the reaction and the correct
explanation of the reaction. During this confrontation, the students come to an understanding of the relationship
between theoretical knowledge about CO, and practical experience. Students can repeat individual reactions as
student experiments and they will know what they are doing and why in experimentation. If necessary the
teacher can explain to help understanding.

(5) The teacher encourages discussion about analogous situations that are based on the same concept. For
example students suggest how to prepare CO, using substances that are common at home. One possibility is the
reaction of sodium bicarbonate and vinegar.

The students’ gains from this demonstration experiment are knowledge about properties of CO, and
understanding of its reaction with different chemical substances.

We verify that students who had the opportunity to participate in the preparation of CO, did not follow passively
what chemical compounds the teacher used and were able to influence the choice actively. The course of
reactions was observed with more interest, because students wanted to verify the accuracy of their predictions
about the course of the reactions. The teacher presented the demonstration experiment and commented on the
course of the reactions, highlighting significant moments (or letting students comment).

CONCLUSIONS

Demonstration experiments are considered classical but also modern ways of science teaching/learning. Their
effectiveness is sometimes unfairly questioned in the context of the constructivist learning approach. As our
design-based research and experience have proved the demonstration experiment, when suitably implemented
and activating students, is a very good way to develop students” knowledge, skills and interests.

Each experiment, if properly planned and implemented, plays a vital role in understanding natural phenomena. It
is necessary especially for younger students to integrate experiments into lessons because their thinking is
closely connected with material activity and object handling. Students can understand relationships between
phenomena better. They gradually acquire knowledge and its arrangement in the system. This method of
learning does not create isolated concepts, for which it is very difficult to determine their essential
characteristics, making it difficult for students to characterize, understand and classify them in the structure of
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acquired knowledge and skills. The best way to achieve this is through students” own practical, explorative and
experimental experience.
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ABSTRACT: In this study, the effect of using Jigsaw II and Jigsaw IV techniques on the subject of “Atoms-The
Basic Unit of Matter” in science course of 6 grade on academic achievement was examined. Pre-test post-test
control group research was used in the study. Study population is all secondary schools in Turgutlu district of
Manisa province and the sample group was determined from “Samiye Nuri Sevil Secondary School” among 20
secondary schools in Turgutlu district through cluster sampling method. The experiment and control groups of
the research were constituted from two branches based on the results of pre-test and there are 48 persons in total
of which 24 are in experiment and 24 are in control group. In the study, the subject of “Atoms- the Basic Unit of
Matter” was taught to the experiment group by using Jigsaw IV technique and it was taught to the control group
by using Jigsaw Il technique. In this research, Science achievement test consisting of 12 multiple-choice items
which were developed by the researcher was used. T-test was used for the analysis of data obtained as a result of
achievement test. In paired samples t-test (dependent group) conducted for achievement pre-tests and post-tests
of the control and experiment group a significant difference was found, while no significant difference in terms
of statistics in favor of the experiment group was found in independent samples t-test (independent group)
conducted for post-tests of the control and experiment groups. At the end of the research, although the effect of
Jigsaw Il and Jigsaw IV techniques on the achievement in Science course was found to be positive on students
learning, no statistical differences were found in these two techniques.

Keywords: cooperative learning, jigsaw ii technique, jigsaw iv technique,

INTRODUCTION

In today’s information age, the primary goal in our education system should be gaining the skills to the students
to reach knowledge rather than transferring. This is possible with high-level thinking process skills. In other
words, it requires meaningful learning, rather than memorizing, and problem solving and scientific process
skills. Science course is the leading course to gain such abilities (Buzludag, 2010; Kaptan and Korkmaz, 2001).

Science can be defined as to examine the observed nature and natural phenomena in a systematic manner and
efforts to estimate the unobserved phenomena. As it is understood from this definition, science is the product of
the efforts of humankind to understand the nature (and oneself) (Ayna 2009; Turgut et al., 1997). Science was
born due to the desire of humans to explain the natural phenomena. Science education began with the
observations of the ancient people and to transfer their knowledge and observations to others (Giirdal et al.,
1998).

Primary education has a special place and importance in our education system because primary education is an
education phase preparing students for life, informing them on natural and social environment and providing
guidance (Giirdal and Yavru, 1998). Science has a significant place due to this characteristic of the primary
school. Along with latest developments in education, one of the methods and techniques which are primarily
used in science education is cooperative learning method. According to A¢ikgdz (2008), cooperative learning
method can be simply described as the learning process that students study in small groups and help each other
(etc. Dogru, 2012). In this context, cooperative learning method is a group study. However, constitution and
implementation of cooperative learning groups differ from group studies (Bozdogan et al., 2006, p.26). A group
study only becomes a cooperative learning when the students in the group make effort to bring the learning of
them and other students in the group to the top level. In order to perform cooperative learning, the students in a
group should help each other by interaction and should produce a joint study rather than working on a particular
part of the work independently. Thus, “educational activity, in which the students participate personally, helps
them to understand the subject better and not to forget it easily” (Kiigilkahmet, 1997, p.59). “Students in the

71



International Conference on Education in Mathematics, Science & Technology (ICEMST), April 23 - 26, 2015 Antalya, Turkey

class in which cooperative learning environment is obtained, study within positive cooperation; each member
has a particular and explicit role; joint study process is important and the group members analyze and discuss
their work” (Lee et al., 1997, p.3). “Achievement of the group depends on the performance of the group
members. For this reason, individuals have to help each other in order to achieve their individual goals” (Slavin,
1980, p.21; Lejik and Wyvill, 1996, p.270). “Group of members aware of the requirement of the group
achievement in order to achieve their individual goals helps other members. More importantly group members
encourage each other” (Johnson and Johnson, 1989, p.7). In cooperative learning approach, each student takes
on several duties.

There are 8 sub-techniques commonly used in cooperative learning method so far. One of them is jigsaw
technique. This method was developed by E. Aranson (1978). These procedures are followed in Jigsaw
technique. First of all, students are divided into 3-7 person jigsaw groups and the subject is divided into
segments. Then, the students are divided into individual groups and constitute the expert groups with other
students who assigned to the same segment. Students in expert groups work by helping each other to develop
strategies to learn and teach their segments to other group members. Such expert groups return to their jigsaw
groups after they complete their studies and become ready for the segment. They give lecture to the group
members on what they have learned about their segment. Following the presentation of the chapter or the subject
by the group members in this way, the whole class is given an individual quiz on relevant material. The results
of the quiz are evaluated individually (Yilayaz, 2012; Ac¢ikgdz, 1992). After Aronson, educational researchers
studying on Jigsaw technique made new arrangements and developments in Jigsaw technique starting from the
flexible applications of this technique. In Table 1 below, Jigsaw techniques developed by several researchers are
compared:

Tablel.Comparison of Jigsaw Technigues*

Step Jigsaw II Jigsaw 111 Jigsaw IV
1. Introduction
2. Experts sheet assigned to expert | Same as Jigsaw Il Same as Jigsaw Il
groups
3. Group answers expert questions | Same as Jigsaw Il Same as Jigsaw Il
prior to returning to home teams
4, Quiz on material in the expert
groups checking for accuracy
5. Students return to home teams | Same as Jigsaw Il Same as Jigsaw Il
sharing their information with team
mates
6. Quiz on material shared checking
for accuracy groups
7. Review process whole group | Same as Jigsaw 111
by Jeopardy, or Quiz Bowl
etc.
8. individual assignment and grade Same as Jigsaw Il Same as Jigsaw 1l
9. Re-teach any material missed on

assessment as needed.

* Adapted from Holliday (2002, p. 4).

When Table 1 is examined; It is seen that Jigsaw Il and Jigsaw IV techniques diverse in 1%, 4", 6" 7" and 9"
steps. Accordingly;

In first step; the first difference is seen in Jigsaw IV. In this technique, as different from Jigsaw Il the teachers
conducts activities such as movie screening, discussion platform, brainstorming, problem solving, lecturing to all
groups, and presentation of the lesson plan or using other methods for the introduction of the lecture regarding
the chapter or material to be studied by the class (Holliday, 2000). This implementation is an activity conducted
to catch the students’ attention on the chapter before the study when they are in their jigsaw groups.

In fourth step; unlike Jigsaw I, in Jigsaw IV, a test is applied in order to check whether the students studying in
expert groups have learned the information in relevant chapters. Correct answers and the level of understanding
are checked with this test application. With the assistance of the instructor and facilitation of the studies,
agreement between the students in expert groups on the answers is provided. Then, students in expert groups
return back their jigsaw groups (Holliday, 2002).
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In sixth step; there is difference between Jigsaw applications. In this step, unlike Jigsaw Il, a second test is
applied in order to check whether the students in jigsaw groups learn the whole chapter or material in Jigsaw 1V
(Holliday, 2002,).

In seventh step; unlike Jigsaw I, in Jigsaw IV technique, several tests, activities and forms are used to
reexamine the study processes of all groups. In this process, before passing to individual evaluations, the state of
learning the course, chapter or relevant material is submitted for the examination of whole class. This
examination period is very important in terms of forming a basis for students to study the relevant chapters for
the second or third time (Holliday, 2000).

In ninth step; unlike Jigsaw Il, in Jigsaw IV, the instructor completes the study by summarizing and teaching
the unanswered questions or unlearned parts of the chapters as a result of evaluations. However, this practice is
optional. In the case of students gain required behaviors, practices in this step are not necessary. The practices in
this step are very important especially for students with low level of achievement before passing to the next
chapter (Holliday, 2002).

The positive effect of using cooperative learning method -Jigsaw techniques on academic achievement is
supported by several researches. As a result of the study titled “The Effect of Education with Cooperative
Learning (Jigsaw Technique) on student achievement for the Chapter of ‘Reproduction Growth and
Development in Living Beings’ of 6" Grade Science and Technology Course” and conducted by Buzludag
(2010), it was found that cooperative learning-Jigsaw technique positively affect the achievement in Science and
Technology course. In the study carried out by Dogru (2012) named “The Effect of Jigsaw Technique on Self-
efficacy, Anxiety and Memorability Levels of Students in Mathematics Education”, it is determined that Jigsaw
technique has more beneficial effects on self-efficacy, anxiety and memorability levels when compared with the
traditional education method. In another study titled “The Effects of Group Study with Cooperative Learning
Methods on Achievements, Attitudes for the Course and Memorability of the Learned Subjects” and conducted
by Oral (2000), it was found that cooperative learning (Jigsaw Il) activities has more beneficial effects on
achievement levels at the end of the course, memorability of the learned subjects and attitudes of the students for
study period when compared with group studies. Slavin and Karveit (1979) revealed that cooperative learning
(Jigsaw I1) activities improve achievement compared to the traditional education method in their study in which
they examine the academic achievements, affective behaviors like attitude, anxiety and self-respect of primary
school students. Shafiuddin (2010) revealed that Jigsaw technique improves achievement more efficiently when
compared with the traditional education method in his study with experimental design.

In this study, an answer was sought for the question “Is there any effect of Cooperative learning method-Jigsaw
Il and Jigsaw IV techniques on the education of ‘Atoms- the basic unit of matter’ subject of primary school 6"
grade Science and Technology course?”. Three questions were determined for the solution and answers were
sought. These questions are: “Is there any significant difference between pre-test and post-test scores of the
experiment group?”, “Is there any significant difference between pre-test and post-test scores of the control
group?” and “Is there any significant difference between post-test scores of the experiment and control groups?”

METHOD
Research Model

In the research, pre-test — post-test control group research design was applied. One of two equivalent branches
was designated as experiment group and control group randomly and, pre-test and post-test measurements were
carried out on both groups and shown in the Table 2 as follows.

Table 2.Pre-Test Post-Test Experiment Design With Control Group

Group Pre-test Experimental Process Post-test
Gl T1 Cooperative Learning Method (Jigsaw 1V) T2
G2 T2 Cooperative Learning Method (Jigsaw I1) T2

G1: The experimental control group to which Jigsaw IV method is applied
G2: The experimental control group to which Jigsaw Il method is applied
T1 and T2: Achievement tests on “Atoms- the basic units of matter”
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Population and Sampling

Study population is all secondary schools in Turgutlu district of Manisa province and the sample group was
determined from “Samiye Nuri Sevil Secondary School” among 20 secondary schools in Turgutlu district
through cluster sample selection. Pre-test was conducted on all branches of 6th grade in order to determine the
experiment and control groups of the research. The experiment groups (24) and control groups (24) which are
constituted from two equivalent branches according to pre-test results of the students are composed of 48
students. The t-test was used to determine whether there is a significant difference between the groups. Results
of the analysis are given in the Table 3.

Table 3.The Average Pre-test Scores for Group Accreditation, Results of the t-test

Group N ¥ Ss t P
Experiment 24 5,45 2,39 -1,142 0.259
Control 24 6,20 2,14

p>0.05

According to Table 3, mean and standard deviation scores of the experiment group were determined as 5.45 and
2.39 respectively in the achievement pre-test conducted before intervention. The mean and standard deviation
scores were determined as 6.20 and 2.14 respectively. No statistically significant difference (p>0.05) was
observed in the independent-samples t-test conducted for achievement pre-tests of the control and experiment
group. According to this result, the pre-test success of the experiment group is within the same standard
deviation range as the pre-test success of the control group. This indicates that both the experiment and control
groups are equivalent.

Data collection instruments

In the research, the following assessment instrument was used to determine achievements of the students on
“Atoms- the basic units of matter” which is a 6™ grade science course.

Achievement Test of Science Course: The achievement test used in the research was prepared by the researcher.
In order to develop this test, all acquisitions on the subject of “Atoms- the basic units of matter”, 6™ grade were
determined based on primary science education program (MoNE, 2010), some of the questions were selected
from among the assessment questions of the textbooks used in the schools currently and the questions within the
open education lecture notes, whereas some of the questions were prepared by the researcher so that there will
be a question on each acquisition. The 17-questions test was checked by experts (from university) and 5
questions were excluded. Pilot execution of the test was performed on the 7™ grade students in the school where
the research is conducted (because the students have already learned the subject) and reliability of the test was
measured. So, reliability of the test was found 0.66. Than the test was conducted as pre-test and post-test.

Application

Two equivalent branches (6 A= experiment, 6D=control) were selected with respect to the results of pre-test. The
lesson was provided to the experiment group by means of the education program prepared in accordance with
the Jigsaw IV technique of the cooperative learning method whereas in the control group Jigsaw Il technique of
the cooperative learning method was applied to teach subject. In both experiment and control groups, teaching
activities were conducted by the researcher.

Applications in the Experiment Group

The researcher informed the students in the experiment group that the subject of “Atoms- the basic unit of
matter” will be taught by the Jigsaw IV technique of the cooperative learning method. Then information on the
approach was provided. Heterogeneous groups of 6 students were created by the researcher by taking into
consideration interest, ability and achievement levels of the students in the classroom before the intervention.
The classroom was organized to allow the group work to be performed. Before the intervention, the science
achievement test was implemented as a pre-test in order to assess prior knowledge of the students in the
experiment and control groups. After the students understood the studies to be performed, the intervention was
initiated and the Jigsaw IV technique of the cooperative learning method was implemented. The students in
groups completed their studies. The researcher provided guidance during the intervention and ensured the study
to be performed in accordance with its purpose.
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Applications in the Control Group

The subject of “Atoms- the basic unit of matter” was taught by means of the Jigsaw II technique of the
cooperative learning method. The students were informed about the approach and heterogeneous groups of 6
students were created by the teacher. The science achievement test was also implemented as a pre-test in the
control group. At the end of the study, the science achievement test was implemented as post-test in both
experiment and control groups. Such applications performed with control and experiment groups last for 2
weeks.

Analysis of Data

Comparisons were made on data from the Science Achievement Test on the subject of “Atoms- the basic units
of matter” between experiment and control groups by means of SPSS software package. For pre-test and post-
test comparisons of experiment and control groups, the independent samples t-test was used. The pair samples t-
test was used for pre-test post-test comparison of the experiment group and pre-test post comparisons of the
control group. Significance level was accepted as at least 0.05. The results of analysis were interpreted
individually by tabulating.

FINDINGS
Table 4.Reliability Coefficient for Science Achievement Test
Reliability Coeff. N R
Cronbach Alfa 24 0,66

The Table 4 includes the reliability coefficients for the Science Achievement Test performed in the control and
experiment groups. Cronbach's alpha coefficient for reliability was found as 0.66. Such results obtained show
that the reliability of the test is 66% and this result is reliable statistically. Findings for the First Sub-Problem:
The first sub-problem was “Is there any significant difference between pre-test and post-test scores of the
experiment group?” Mean scores of pre-test and post-test and standard deviations of the experiment group were
calculated. The t-test was used on dependent groups in the SPSS statistic software package in order to determine
significance of the difference between averages of the pre-test and post-test scores in the experiment group.
Results are shown in the Table 5.

Table 5. Result of the Dependent Group T-Test performed for Achievement Pre-test and Post-Tests of the
Experiment Group

Experiment N ? Ss t P
Group

Pre-test 24 5,45 2,39 -3,646 0.001
Post-test 24 7,12 2,36

P<0.05

According to Table 5, the mean score of the achievement pre-test of the experiment group and standard
deviation was found as 5.45 and 2.39 respectively. The mean score of the post-test of the experiment group and
standard deviation was found as 7.12 and 2.36 respectively. A statistically significance difference at level of
0.05 was found in the dependent group t-test carried out for achievement pre-test and post-test of the experiment
group. This difference occurred in favor of the post-test. As it is understood from this result, implementation of
the Jigsaw IV technique of the cooperative learning method enhanced the student achievement. Findings for the
Second Sub-Problem: The second sub-problem was “Is there any significant difference between pre-test and
post-test scores of the control group?” Mean score of pre-test and post-test and standard deviations of the control
group were calculated. The t-test was used on dependent groups in the SPSS statistic software package in order
to determine significance of the difference between averages of the pre-test and post-test scores in the control
group. Data are shown in the Table 6.

Table 6. Result of the Dependent Group T-Test performed for Achievement Pre-test and Post-Tests of the
Control Group

Control Group N ? Ss t P
Pre-test 24 6,20 2,14 -3,095 0.005
Post-test 24 7,95 1,92

P<0.05
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According to Table 6, the mean score of the achievement pre-test of the control group and its standard deviation
was found as 6.20 and 2.14 respectively and, the mean score of the post-test of the control group and its standard
deviation was found as 7.95 and 1.92 respectively. A statistically significance level of 0.05 was found in the
dependent group t-test carried out for achievement pre-test and post-test of the control group. This difference
occurred in favor of the post-test. As it is understood from this result, implementation of the Jigsaw Il technique
of the cooperative learning method enhanced the student achievement.

Findings for the Third Sub-Problem: The third sub-problem was “Is there any significant difference between
post-test scores of the experiment and control groups?” Mean score of total post-test scores of both the
experiment and control groups and standard deviations were calculated. The t-test was used on independent
groups in the SPSS statistic software package in order to determine significance of the difference between
averages of the post-test scores of the groups. Data are shown in the Table 7.

Tablo 7.Results of the Independent Group T-Test performed for Achievement Post-Tests of the Control
and Experiment Group

Groups N ? Ss t P
Experiment 24 7,12 2,36 -1,340 0.187
Control 24 7,95 1,92

p>0.05

According to Table 7, the mean score of the achievement post-test of the experiment group and its standard
deviation was found as 7.12 and 2.36 respectively. The mean score of the post-test of the control group and its
standard deviation was found as 7.95 and 1.92 respectively. A statistically significant difference at level of 0.05
was not obtained in the independent group t-test performed for the achievement post-tests of the control and
experiment groups. Accordingly, post-test achievement of the experiment group is in the range of the same
statistically significant standard deviation as post-test achievement of the control group. The Jigsaw IV
technique and Jigsaw Il technique of the cooperative learning methods have shown equally success on the
science achievement post-test. This represents same impact of the Jigsaw 1V and Jigsaw Il techniques of the
cooperative learning method on the student achievement.

CONCLUSION AND SUGGESTIONS

In this study, it was aimed to show the effects of the Jigsaw IV and Jigsaw Il techniques of the cooperative
learning method on teaching of the subject “Atoms- the basic units of matter” in the Science Class of primary 6"
Grade. The results showed that both these techniques increase the academic success of students. The results of
the research, which was made by means of the Jigsaw techniques at different fields and different class levels,
show parallelism with the results of this study (Buzludag, 2010, Dogru, 2012, Oral, 2000, Slavin and Karveit,
1979, Shafiuddin, 2010). The cooperative learning method ensure active participation of the students to learning
process. The students interact with class mates, thus efficiency in learning and students' interests in the course
increase. Therefore, employment of the cooperative learning techniques in the Science subjects should be
expanded at all levels of education in our country. The classrooms in the schools should be organized in
compliance with cooperative method and provided with necessary facilities for this method.

The following suggestions were made by taking into account the findings form the research and the results
obtained.

1. The research is restricted with the use of the Jigsaw technique (Jigsaw IV and Jigsaw Il) of cooperative
learning method. Otherwise, researches which compare other cooperative learning techniques or cooperative
learning and other modern learning methods may be conducted.

2. This research is restricted with a Science course provided to 48 students from 6™ grade for two course hours
per week, a similar research may be conducted on larger groups at different class levels within different courses
for a longer time.

3. Variables taken under the research are restricted with the achievement level. Besides, affective variables may
be researched.

4. If the cooperative learning method and its techniques are introduced to pre/in-service teachers practically by

in-service training activities, this may make such method and techniques applicable by teachers in other classes
as such in the Science class.
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5. The researchers or teachers who desire to use the Jigsaw IV and Jigsaw Il technique should make some
preparatory works by taking into account the students who are not familiar to such techniques and have no
information on the steps of such techniques before such techniques are implemented. Such works may include
the introduction of the techniques to students, providing information on differences of this technique from other
Jigsaw techniques, implementation steps of the techniques, assessment process, and time proposed for the
technique.
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ABSTRACT: Complex network analysis is an attractive tool for capturing the self-organizing principles
underlying the social, physical or biological communities. Several software are developed for either analyzing or
generating complex networks, including the visualization utilities. We developed an open source software in
Microsoft .NET platform for generating networks based on the most common models as Barabasi-Albert, Erdos-
Renyi, Watts-Strogatz including the analyzing utilities defining the network like average separation, degree
distribution, clustering coefficient etc. In contrast with the well-known software, this software aims to contribute
the understanding of the underlying mechanisms of complex networks. It also forms a basis to further
developments that should provide an extensive view to network construction. As an open source software, the
opportunity of editing the core functions about network dynamics offer a pedagogical approach to learn more
about self-organizing networks.

Key words: complex networks, software, small world, scale free networks

INTRODUCTION

Complex networks are conceptually used to define the dynamic systems in nature and society. These structures
are observed in a variety spanning social, biologic, ecologic, transportation, computer, scientific collaboration or
citation networks (Albert and Barabasi, 2002). A network can be described by a set of nodes (vertices) and links
(edges) which can be displayed by an NxN matrix where N denotes the number of vertices (Newman, 2001).

Understanding the structure of complex networks is primarily significant for understanding how knowledge,
disease, culture, viruses etc. spread in the complex systems (Perc, 2010). The evolution of complex systems was
traditionally assumed to be driven by randomly wiring processes which result a so-called random network. But
recent studies in the past two decades show that these systems yield some self-organizing principles that are
different from the random networks (Albert and Barabasi, 2002).

In fact, these organizing principles are the main facts that result the network topology and dynamics, which in
turn effects how knowledge or viruses diffuse in that network. Thus, capturing these principles is the main goal
of complex network analysis to form a basis of how network modeling should be done programmatically. The
wide corpus of scientific papers subjecting complex network analysis by the beginning of this century handles
this issue, each stating out the generic organizing principles of specific networks in nature and society (Perc,
2010).

On behalf of the above mentioned part of the network science namely “complex network analysis”, another area
of interest grows scoping the modeling counterpart. Employing the output supplied by the first part, modeling
networks aims to capture the main mechanisms that affect the evolution of the network, providing a broad range
of experiments with several organizing principles along with tunable parameters (Barabasi et.al, 2002).

Generic principles of complex networks

For modeling a network, the generic principles of real networks should be determined as the ingredients of the
algorithm. The first property that a real network should hold is the “small-world” phenomenon. The most
popular manifestation of small worlds is the ‘‘six degrees of separation’ concept, uncovered by the social
psychologist Stanley Milgram (1967), who concluded that there was a path of social connections with a typical
length of about six between most pairs of people in the United States (Kochen, 1989).

Small-world property is observed in many real networks like www (Albert et.al, 1999), online social networks
(Leskovec & Horvitz, 2008), scientific collaboration networks (Barabasi et.al, 2002; Newman, 2001b; Newman,
2001c; Perc, 2010, Cavusoglu & Turker, 2013, 2014), movie actor networks (Amaral et.al, 2000) etc. Barabasi
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explains being small-world as finding relatively small paths between two randomly chosen nodes, while this
phenomenon is valid for most of the node pairs in that network. A characteristic measurement of node distances
is “average separation” that stands for the average value of the distances between all node pairs in a network.

Another principal ingredient of real world networks is the scale-free property. A large variety of results of real
network analysis demonstrate that many networks are scale free, that is, their degree distribution follows a
power law for large k. That means, the probability of having degree k for a network follows the equation
P(k) = k7. This distribution can be validated by drawing the degree distribution in a log-log scale, resulting a
straight line having negative slope (Clauset et.al, 2009). The generic mechanism underlying this property is
“preferential attachment™ that means that a new node connecting the network, connecting to more popular (i.e.
having more connections) links displays higher probability than connecting to the less popular ones (Barabasi
and Albert, 1999; Albert et.al, 2002).

Scale-free property promotes the emergence of a little portion of nodes with high degrees (connections), that can
be named as supernodes or hubs. In such a network, if a node gets more popular in the beginning of the network
construction, these “first-mover advantage” causes it to have more and more connections later. This fact is
known as the Matthew “rich get richer” effect, promoting the occurrence of a small number of popular nodes,
while the new connecting nodes or some mid-life nodes of the network have smaller degrees of connections. The
above given relation of power-law degree distribution is a result of this mechanism, that can be observed in most
of the real networks.

The third important network parameter that measures network clustering and describes symmetry of interaction
among trios of actors is the clustering coefficient. It shows the probability of a node’s neighbors to have
connections among each other, excluding the links coming from the starting (or center) node. Topologically, it
shows the density of the triangles in a network, a triangle being formed when two of one’s neighbors connect
with each other (Newman, 2004; Cavusoglu & Tiirker, 2013).

Clustering coefficient gets values in the interval of 0 to 1, where the values close to 1 indicate dense connections
between neighbors. Averaging this parameter is averaged over the network, average clustering coefficient can be
found to have an idea about the network’s interconnectedness. Real networks display high clustering coefficients
compared to random networks, i.e. your followers in a social network follow each other in a high rate,
representing a clique of friendships.

Most common network models

Erdos-Renyi (ER) Model

In their classic first article on random graphs, Erdos and Renyi define a random graph with two parameters as N
(number of nodes) and p (probability of connecting), as N labeled nodes connected by n edges, which are
randomly chosen from the N(N-1)/2 possible edges. Programmatically, it can be explained as starting with N
nodes, find the number of links by the formula pN(N-1)/2 and wire the N nodes with n links calculated by the
above formula, as seen in Fig.1 (Erdos & Renyi, 1959; Albert and Barabasi, 2002).
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Figure 1. Random graphs generated with different p values. The right side plot is the degree distribution
(Albert and Barabasi, 2002)

The expected degree distribution of a random graph is “binomial distribution” which converges to a “Poisson
distribution” with large N and small p, demonstrating node degrees having closer values to an average degree
and not deviating more than a few percents from that average value. Since the links are generated randomly, the
relations between a node’s neighbors are not strong as real networks, resulting a very small average clustering
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coefficient for the network. on the other hand, long range random links provide short paths between distant
nodes, resulting a relatively small average separation (distances) between nodes.

The network parameters mentioned above are not in good consistency with real networks since real networks do
not display poisson-like degree distributions and have considerably higher clustering coefficients that random
networks have. The only common-point between random networks and real networks is the short average path
length between nodes.

Watts-Strogatz (WS) Model

Above mentioned disparity in the topologic properties of random and real networks pioneered the studies of
more realistic modeling of real networks. In 1998, Watts and Strogatz proposed a model interpolating between a
regular lattice and a random graph (Watts and Strogatz, 1998; Albert and Barabasi, 2002). Their model starts
with constructing a regular lattice. Then the only tunable parameter p is used as a probability to decide if an edge
(link) will be rewired, preserving the source node and altering the target node with a new one in a random
process. If the p parameter converges to 0, the network stays regular, while it gets a completely random one as p
converges to 1. For some moderate values of p (for ex. p=0.01), Watts and Strogatz showed that there is a
regime that the network displays high clustering coefficient and low average distance (separation) as if in the
real networks. This is the small-world regime of the network, capturing the similarity with the real network by
the means of clustering coefficient and average separation (Fig.2).
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Figure 2. Watts-Strogatz (1998) network structure with varying p values. The right side plot demonstrates
the deviation of clustering coefficient and average separation with increasing p values.

The limitation of the WS network is the lack of capturing the degree distribution of a real network. It produces a
network having a similar degree distribution like Erdos-Renyi type network, having the advantage of adding
small-world property to the structure.

Barabasi-Albert (BA) Model

The model proposed by Barabasi and Albert (1999) was the first in capturing the power-law degree distribution
observed in most of the real networks. They suggested that the organizing principles of real networks should be
imitated to maintain the generic scale-free property. Thus, a network grows continuously by the addition of new
nodes, and the new nodes likely prefer to connect to the nodes of higher degrees (i.e. popular nodes) rather than
the ones with lower degrees. The former property is known as growing, while the latter property is known as
preferential attachment.

They modeled growing property by starting with a small number (mg) of nodes and add a new node with m(<m,)
edges (links) that connect the new node to m different nodes already present in the system, at each time step.

To define the connectivity function including preferential attachment, Barabasi and Albert used Eq.1 as the
probability for a new node to connect to node i. As seen in Eq.1, the node having higher degree (connections)
has a higher attractiveness to have connection with a new node.
= ki
(ko) = 5% (1)
Successfully capturing the organizing principles of real networks, BA model provides a perfect power-law
degree distribution together with small-world properties as if in the WS network as in Fig.3 (Albert and
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Barabasi, 1999). In this perspective, it forms a basis for realistic modeling of networks with the opportunities of
adding some variations for capturing the alternations from perfect power-law observed in real networks.

Figure 3. Power-law degree distribution of a Barabasi Albert network model (Barabasi and Albert, 1999).
METHODS

We developed a software that generates networks of ER, WS and BA models (Fig.4). The inspiration of the
development depend on both supplying a pedagogical view on the understanding of complex networks in the
post-graduate education, and also to form a basis for the further studies in network modeling giving the
opportunity of editing the core functions about network dynamics.

Network parameters are the output of the organizing principles that take part in network construction. The
tendencies of node selection of the current nodes for making new connections are the main fact that drives the
resulting parameters or distributions of that network. By this view, tuning the input parameters or the
opportunity of editing the core functions of node selection takes a significant part in the understanding of how
networks grow and organize.

Another pedagogical output of this software is the visualization of the network constructed, whereas the main
output parameters like degree distribution, average separation, clustering coefficient etc. are also supplied.
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Figure 4. The user interface of the software.

The software is developed in the Microsoft .NET platform using C# language and standard form controls. While
executing the network generation or calculating the output parameters, the most readable code and algorithms
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were used in order to enhance the understanding of complex networks. That is, fast execution is sacrificed in
some functions in order to increase readability.

To enable further plotting opportunities in Matlab, R, etc., the node degrees are displayed in a datagrid control
together with the node frequencies that are used to plot degree distribution. This is a necessity not only for
generating graphics in semi-log or log-log plots, but also curve fitting to test if a degree distribution follows
exponential, power-law, binomial, Poisson or some mixed variations of these functions.

The software is ready-to-use for the systems having .NET Framework 4.0 or later, and can be downloaded via
http://www.ilkerturker.com/cn/nwmodel/.

RESULTS AND FINDINGS

The three network models mentioned above have different topologies that can be observed in the output
parameters. Degree distribution plots as seen in Fig.5 are as consistent with the theoretic expectations. Since the
power-law consistency of BA network in linear plot is not obvious, we exported the degree distribution data to
Matlab and showed the power-law fitting in log-log scale with the exponent -3.
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Figure 5. Degree Distribution Plots Of The Three Network Models. (A) ER Model, (B) WS Model, (C) BA
Model, (D) BA Model Data Plotted In Log-Log Scale In Matlab To Show Power-Law Consistency.

Similar with the degree distributions, the output parameters (average clustering coefficient, average separation
and average degrees) are consistent with the theoretic expectations as well.

CONCLUSION

Both analysis and modeling of complex networks aim to uncover the underlying mechanisms in the self
organization processes of complex systems. Getting the analytical feed from the analysis section, the modeling
section consists of simulations in generating networks with variable principles and parameters. By this point of
view, our software employing basic and robust network models can be an initial point for the researchers who
want to make further modeling simulations. The basic output measurements supplied in the software will also
provide a rapid start to modeling projects, especially in post graduate studies.

RECOMMENDATIONS
The development process of the software will move along by adding new enhancements in the future, and will

be shared in the same URI supplied above. Researchers who want to construct networks of different algorithms
can feel free to modify and share the source code.
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Especially a challenging area in network modeling is “spreading”. In real world, the network structure plays a
significant role on spreading of information, epidemics, opinions and has various impacts on the evolution of
science, sociology, health etc. Introducing a realistic spreading model to our software should provide a broad
range of experiments on spreading. Also the impact of breaking some kinds of links on spreading is another
novel subject to investigate. These opportunities are the forward stage of this software open for all researchers.
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TASKS AND META-TASKS TO PROMOTE PRODUCTIVE
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ENVIRONMENTS"
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ABSTRACT: Rich tasks can be vehicles for productive mathematical discussions. How to support such
discourse in collaborative digital environments is the focus of our theorization and empirical examination of task
design that emerges from a larger research project. We present the theoretical foundations of our task design
principles that developed through an iterative research design for a project that involves secondary teachers in
online courses to learn discursively dynamic geometry by collaborating on construction and problem-solving
tasks in a cyberlearning environment. In this study, we discuss a task and the collaborative work of a team of
teachers to illustrate relationships between the task design, productive mathematical discourse, and the
development of new mathematics knowledge for the teachers. Implications of this work suggest further
investigations into interactions between characteristics of task design and learners mathematical activity.

Key words: collaboration, dynamic geometry, mathematical discourse, task design, technology
INTRODUCTION

Mathematical tasks shape significantly what learners learn and structure their classroom discourse (Hiebert &
Wearne, 1993). Such discussions when productive involve essential mathematical actions and ideas such as
representations, procedures, relations, patterns, invariants, conjectures, counterexamples, and justifications and
proofs about objects and relations among them. Nowadays, these mathematical objects and relations can be
conveniently and powerfully represented in digital environments such as computers, tablets, and smartphones.
Most of these environments contain functionality for collaboration. However, in such collaborative, digital
environments, the design of tasks that promote productive mathematical discussions still requires continued
theorization and empirical examination (Margolinas, 2013). To theorize and investigate features of tasks that
promote mathematical discussions, we are guided by this question: What features of tasks support productive
discourse in collaborative, digital environments? Knowing these features will inform the design of rich tasks that
promote mathematical discussions so that engaged and attentive learners build mathematical ideas and
convincing forms of argumentation and justification in digital and virtual environments.

In virtual collaborative environments, the resources available to teachers to orchestrate collaboration and
discourse among learners are different from those in traditional presential classroom environments. The salient
difference is that in presential classroom environments the teacher is physically present, whereas in a virtual
learning environment the teacher is artificially present; that is, the teacher exists largely as an artifact of digital
tools. Consequently, the design of the tasks that are to be objects of learners’ activities in virtual environments
need to be constructed in ways that support particular learning goals such as productive mathematical discourse.

We share Sierpinska’s (2004) consideration that “the design, analysis, and empirical testing of mathematical
tasks, whether for purposes of research or teaching, is one of the most important responsibilities of mathematics
education” (p. 10). In this paper, we focus on the design of tasks that embody particular intentionalities of an
educational designer who aims to promote and support productive discourse in collaborative, digital
environments. Our work employs a specific virtual environment that supports synchronous collaborative
discourse and provides tools for mathematics discussions and for creating graphical and semiotic objects for
doing mathematics. The environment, Virtual Math Teams (VMT), has been the focus of years of development
by a team led by Gerry Stahl, Drexel University, and Stephen Weimar, The Math Forum @ Drexel University,
and the target of much research (see, for example, Stahl, 2008; Stahl, 2009). Recently, research has been

“ This paper is based upon work supported by the National Science Foundation, DRK-12 program, under award DRL-1118888. The findings
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conducted on an updated VMT with a multiuser version of a dynamic geometry environment, GeoGebra, (Grisi-
Dicker, Powell, Silverman, & Fetter, 2012; Powell, Grisi-Dicker, & Algahtani, 2013; Stahl, 2013, 2015). Our
tasks are designed for this new environment—VMTwG. Though the environment and its functionalities are not
the specific focus of this paper, we will later describe some of its important features to provide context for
understanding our design of tasks. Our focus here is to describe how we address challenges involved in
designing tasks to orchestrate productive mathematical discourse in an online synchronous and collaborative
environment. We first describe the theoretical foundation that guides our design of tasks to promote potentially
productive mathematical discourse among small groups of learners working in VMTwG. Afterward, we describe
our task-design methodology and follow with an example of a task along with the mathematical insights a small
team of teachers developed discursively as they engaged with the task. We conclude with implications and
suggestions areas for further research.

THEORETICAL PERSPECTIVE

The theoretical foundation of our perspective on task design for collaborative digital environments to promote
productive mathematical discourse rests on a dialogic notion of mathematics (Gattegno, 1987), a view of
mathematics curriculum (Hewitt, 1999), what we call epistemic tools (Ray, 2013), the co-active infrastructure of
dynamic mathematics environments (Hegedus & Moreno-Armella, 2010), and a sociocultural theory both of task
and activity (Christiansen & Walther, 1986) and of instrument-mediated activity (Rabardel & Beguin, 2005).

Our notion of productive mathematical discourse rests on a particular view of what constitutes mathematics.
From a psychological perspective, Gattegno (1987) posits that doing mathematics is based on dialog and
perception:

No one doubts that mathematics stands by itself, is the clearest of the dialogues of the mind with itself.
Mathematics is created by mathematicians conversing first with themselves and with one another. Still,
because these dialogues could blend with other dialogues which refer to perceptions of reality taken to exist
outside Man...Based on the awareness that relations can be perceived as easily as objects, the dynamics
linking different kinds of relationships were extracted by the minds of mathematicians and considered per se.
(pp. 13-14)

Mathematics results when a mathematician or any interlocutor talks to herself and to others about specific
perceived objects, relations among objects, and dynamics involved with those relations (or relations of
relations). For dialogue about these relations and dynamics to become something that can be reflected upon, it is
important that they not be ephemeral but rather have residence in a material (physical or semiotic) record or
inscription. On the one hand, through moment-to-moment discursive interactions, interlocutors can create
inscriptions and, during communicative actions, achieve shared meanings of them. On the other hand,
inscriptions can represent encoded meanings that—based on previous discursive interactions—interlocutors can
grasp as they decode the inscriptions. Thus, inscriptive meanings and the specific perceived content of
experience are dialectically related and mutually constitutive through discourse.

Voiced and inscribed mathematical meanings arise through discursive interactions, discussions. Pirie and
Schwarzenberger (1988) define a mathematical discussion involving learners this way: “It is purposeful talk on a
mathematical subject in which there are genuine pupil contributions and interaction” (p. 461). From a
sociocultural perspective, we understand “purposeful talk” as goal-directed discourse and “on a mathematical
subject” as about mathematical objects, relations and dynamics of relations. In the setting of VMT with
interlocutors—teams of pupils, students, or teachers—collaborating and usually without the contemporaneous
presence of a teacher, the discursive contributions and interactions genuinely emanate from the interlocutors. As
such, we define productive mathematical discourse to be goal-directed discursive exchanges about mathematical
objects, relations, and dynamics of relations, including questioning, affirming, reasoning, justifying, and
generalizing.

Through discourse, interlocutors among themselves construct or from others become aware of mathematical
content. As Hewitt (1999) posits, mathematical content intended for learners to engage can be parsed into two
essential categories. The first category pertains to content that is arbitrary in the sense that it refers to semiotic
conventions such as names, labels, and notations. These conventions are historical and cultural, examples of
which are the Cartesian axes, coordinates, names of coordinates, and notational rules. These conventions could
have been otherwise and hence are arbitrary. Moreover, they cannot be constructed or appropriated through
attentive noticing or awareness but rather must be known through memorization and association.
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The second essential category concerns mathematical content that is necessary. These are ideas or properties that
can be derived by attending to and noticing relations among objects as well as dynamics linking relations. For
instance, when two planar, congruent circles have exactly two points of intersection, then an isosceles triangle
can always be formed by choosing its vertices to be the circles’ centers and one intersection point. This
conclusion, once known can be considered a cultural tool, is derivable, could not be otherwise, and therefore
necessary. Relations among objects, dynamics of relations, and properties that can be worked out are necessary
mathematical content. These particular mathematical ideas are historical and cultural tools and can be
appropriated through awareness.

Whether particular necessary mathematical content is appropriated depends on awarenesses already possessed
and attentive noticing. Awareness and noticing are elements that need to be accounted for in the design of tasks.
As Hewitt (1999) notes

If a student does have the required awareness for something, then | suggest the teacher's role is not to inform
the student but to introduce tasks which help students to use their awareness in coming to know what is
necessary. (p. 4)

Within this pedagogic paradigm, if students do not have requisite awareness, then they are invited to engage
tasks that enable them to construct the required awareness. Constructing the awareness involves thinking
mathematically. The teacher informs them of those cultural tools that are arbitrary and, by definition, do not
entail mathematical reasoning and invite them to use their existing awareness to notice and reason about
necessary relations and relations of relations so as to appropriate new mathematical ideas through their
discursive interaction.

To increase the probability that the discourse of interlocutors is mathematically productive, it is useful that they
employ individual and collaborative discursive means to make sense of mathematical situations. For this
purpose, we invite interlocutors to employ particular epistemic tools. That is, to ask questions of themselves and
of their interlocutors that query what they perceive, how it connects to what they already know, and what they
want to know more about it. Specifically, these tools include three questions that interlocutors explicitly or
implicitly engage: (1) What do you notice? (2) What does it mean to you? (3) What do you wonder about? The
first and third questions come directly from work of The Math Form @ Drexel University (see, Ray, 2013). The
second question is one that we have added. The purpose of these questions is to foster generative discussions
within small groups of interlocutors that are grounded in their attention on perceivable, not necessarily visible,
contents of experience that can be described as objects, relations among objects, and dynamics linking different
relations. Using the epistemic tools, interlocutors’ responses become public, relevant, and accountable. The idea
is for interlocutors’ to practice consciously these epistemic tools and over time become incorporated into their
mathematical habits of mind.

The epistemic tools, among other things, are useful for enabling reflection on perceived infrastructural reactions
of a dynamic geometry environment to interlocutors’ actions in the environment. As they drag (click, hold, and
slide) a base point of an object in a constructed figure, the environment redraws and updates information on the
screen, preserving constructed geometrical relations among the figure’s objects. This reaction to learners’
dragging establishes a dialectical co-active relationship as the learner and the environment react to each other
(Hegedus & Moreno-Armella, 2010). As learners attend to the environment’s reaction, they experience and,
since it responds in ways that are valid in Euclidean geometry, may become aware of underlying mathematical
relations among objects such as dependencies.

Another role of the epistemic tools is to scaffold interlocutors’ activity directed to understand and solve a
mathematical task. We view tasks and activity from a sociocultural perspective. Within this perspective,
Christiansen and Walther (1986) distinguish between task and activity in that “the task (the assignment set by
the teacher) becomes the object for the student’s activity” (p. 260). A task is the challenge or set of instructions
that a teacher sets. An activity is the set of actions learners perform directed toward accomplishing the task. The
activity is what students do and what they build and act upon such as material, mental, or semiotic objects and
relations among the objects. The task initiates activity and is the object of students’ activity.

Given the new digital, collaborative environments in which teaching and learning can occur, we find it
theoretically useful to extend Christiansen and Walther’s (1986) distinction of task and activity beyond analog
environments: The purpose of a mathematical task in collaborative digital environments is to initiate and foster
productive mathematical, discursive activity. The discursive activity is what learners communicate and do, what
they build and act upon such as material, mental, or semiotic objects and relations. The digital, mathematical
task is the object of learners’ collective and coordinated activity.
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Figure 1. Relational Model Of Learners Engaged In Instrument-Mediated Activity Initiated By A Task.

Learners’ activity directed toward a task is mediated by instruments. Before an instrument achieves its
instrumental status, it is an artifact or tool. According to Rabardel and Beguin (2005) “the instrument is a
composite entity made up of a tool component and a scheme component” (p. 442). The scheme component
concerns how learners use the tool. Therefore, an instrument is a two-fold entity, part artifactual and part
psychological. The transformation of an artifact into an instrument occurs through a dialectical process. One part
accounts for potential changes in the instrument and the other accounts for changes in learners, respectively,
instrumentalization and instrumentation. In instrumentalization, learners’ interactions with a tool change how it
is used, and consequently, learners enrich the artifact’s properties. In instrumentation, the structure and
functionality of a tool influence how learners use it, shaping, therefore, learners’ cognition (Rabardel & Beguin,
2005). The processes of instrumentalization, instrumentation, and activity as well as the interaction of learners
with themselves and the task reside within a particular, evolving context that is cultural, historical, institutional,
political, social, and so on (see Figure 1).

In what follows, we present our design methodologies for mathematical tasks and a category of specialized tasks
and provide examples of each.

TASK-DESIGN METHODOLOGY

Our methodology of task design embodies particular intentionalities for a virtual synchronous, collaborative
environment, such as VMTwG, that has representation infrastructures (GeoGebra, a dynamic mathematics
environment) and communication infrastructures (social network and chat features). The intentions are for
mathematical tasks to be vehicles “to stimulate creativity, to encourage collaboration and to study learners’
untutored, emergent ideas” (Powell et al., 2009, p. 167) and to be sequenced so as to influence the co-emergence
of learners instrumentation and building of mathematical ideas. To these ends, rooted in our theoretical
perspective and sensitive to the infrastructural features of VMTwG, we developed and tested the following
seven design principals for digital tasks that are intended to promote productive mathematical discourse by
encouraging collaboration in virtual environments around constructing necessary mathematical content (Hewitt,
1999):

1. Provide a pre-constructed figure or instructions for constructing a figure.

2. Invite participants to interact with a figure by looking at and dragging objects (their base points) to notice
how the objects behave, relations among objects, and relations among relations.

3. Invite participants to reflect on the mathematical meaning or consequence of what they notice.

4. Invite participants to wonder or raise questions about what they notice or the mathematical meaning or
consequence of it.
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5. Pose suggestions as hints or new challenges that prompt participants to notice particular objects,
attributes, or relationships without explicitly stating what observation they are to make. Each hint has one
or more of these three characteristics:

a. Suggest issues to discuss.
b. Suggest objects or behaviors to observe.
c. Suggest GeoGebra tools to use to explore relations, particularly dependencies.

6. Provide formal mathematical language that corresponds to awarenesses that they are likely to have
explored and discussed or otherwise realized.

7. Respond with feedback based on participants’ work in the spirit of the following:

a. Pose new situations as challenges that extend what participants have likely noticed, wondered, or
constructed or that follow from an earlier task and that involve the same awarenesses or logical
extensions of awarenesses they have already acquired.

b. Invite participants to revisit a challenge or a task on which they already worked to gain awareness of
other relationships.

c. Invite participants to generalize noted relationships and to construct justifications and proofs of
conjectures.

d. Invite participants to consider the attributes of a situation (theorem, figure, actions such as drag) in
order to generate a “what if?” question and explore the new question.

The purpose of the hints is to maintain learners’ engagement with a task and to encourage them to extend what
they know. The hints support participants’ discourse by eliciting from them statements that reveal what they
observe and what they understand about the mathematical meanings or consequences of their observations. The
challenges are available to provide opportunities for participants to further their exploration by investigating
new, related situations. Hidden initially, the hints and challenges can be revealed by learners clicking a check
box.

These design principals guided how we developed tasks in our research project, a collaboration among
investigators at Rutgers University and Drexel University. We employed VMTwG, which contains chat rooms
for small teams to collaborate with tools for mathematical explorations, including a multi-user, dynamic version
of GeoGebra. Team members construct geometrical objects and can explore them for relationships by dragging
base points (see Figure 2). VMTwG records users’ chat postings and GeoGebra actions. The project participants
are middle and high school teachers in New Jersey who have little to no experience with dynamic geometry
environments and no experience collaborating in a virtual environment to discuss and resolve mathematics
problems. The teachers took part in a semester-long professional development course. They met for 28 two-hour
synchronous sessions in VMTwG and worked collaboratively on 55 tasks, Tasks 1 to 55.

Using our design principles, we developed dynamic-geometry tasks that encourage participants to discuss and
collaboratively manipulate and construct dynamic-geometry objects, notice dependencies and other relations
among the objects, make conjectures, and build justifications.

TASK EXAMPLE

We present the work of a team of two teachers on a task. The task, Task 10, is one that the research team posed.
While the teachers worked on it, they posed a wondering that led us to provide feedback of type 7a, inviting
them to explore that wondering. Our analysis reveals how using the epistemic tools the teachers noticed and
discussed geometric relations and completed a construction task, wondered about the necessity of a foundational
object of the construction, and in the following session resolved their wondering, all through the use of the
epistemic tools.

In the fourth week of the professional development course, the team worked on Task 10. Employing procedures
of Euclid’s second proposition (Euclid, 300 BCE/2002), the task engaged the team in constructing the copy of a
line segment, without using the built-in compass tool, only using line segments, rays, and circles. The task also
requested that they discuss dependencies and other relations among the objects (see Figure 2).
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Figure 2: Task 10: Copying A Line Segment.

In the first synchronous session, the teachers successfully followed the construction instructions to copy segment
AB onto ray CD. They used the epistemic tools to respond to this task and were attentive to co-active responses
of VMTWG to their actions. In their noticings, they chatted about constructed dependencies and other relations
among the geometric objects that they constructed. Below, an excerpt of the teachers’ discussion illustrates their
use of the epistemic tools and how they trigged productive mathematical discourse about a foundational aspect
of the construction:

155  at2014: 0 what we wonder about

156  at2014: let's talk about it before we move on

157 at2014: i am still trying to understand so i am not quite sure whether the equilateral triangle
is necessary

158 at2014: 0 maybe it does

159 dangoeller: i agree lets get the others done before sketching this one again

160 at2014: to get that big circle

161 at2014: ok

162  dangoeller: thats a good question

163 at2014: i am not sure why the equilateral triangle is necessary if it is at all

164  dangoeller: it appears that it is, but the "why" behind it is unclear to me

165 at2014: that would be the question for us to put in what we wondered about

In this excerpt, they employed the epistemic tools by wondering about whether an equilateral triangle is
necessary in the construction procedure to copy a line segment (see lines 157, 163, and 164). In their session
summary, they explicitly stated “We wonder whether the equilateral triangle is necessary or not and if it is
necessary, why is it so.” In our written feedback, their wondering encouraged us to invite them to explore it in
their next synchronous session. In that session, they explored copying a length with an equilateral triangle, an
isosceles triangle, and without using any specific type of triangle, which was essentially using a scalene triangle
(see Figure 3).
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Figure 3: Teachers’ Investigation Of Minimal Condition For Copying A Segment Length.

The teachers wrote in their session summary that after conducting drag tests on their constructions, “we found
out that if we want the length of one segment to be dependent on another, we need at least the isosceles
triangle”. Their constructions in Figure 3 include copying a length with an equilateral triangle (lower left
corner), using an isosceles triangle (top right corner), and “with no triangle” (lower right corner). They justified
their findings by discussing the dependencies each construction has. They make the point that having an
equilateral triangle “is only keeping points A and C apart a certain distance, and we can do without it.” That is,
they demonstrated that to copy the length of the segment AB the distance between A and C is immaterial and
that only two congruent sides of a triangle matter.

META-TASK-DESIGN METHODOLOGY

We extend our methodology of task design that promotes productive mathematical discourse to include the
design of specialized tasks that encourage reflection on the process and content of mathematical discourse that
occurred in prior tasks. We term these specialized tasks, which are reflections on tasks, as meta-tasks. They
invite interlocutors of a team to consider and analyze their logged discursive interactions, each time for
particular process or content issues such as collaborative norms or mathematical practices. Figure 4 depicts the
reflective process in which teams of interlocutors are invited to engage, using the technological structure of
VMTwG.
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Figure 4. Relational Model Of Learners Engaged In Instrument-Mediated Activity Initiated By A Meta-
Task.

In the context of our professional development project, to provide theoretical substance and structure to the
meta-tasks, teachers read individually and then in their teams discussed articles about collaboration (Mercer &
Sams, 2006; Rowe & Bicknell, 2004), mathematical practices (Common Core State Standards Initiative, 2010),
Accountable Talk (Resnick, Michaels, & O’Connor, 2010), technological pedagogical content knowledge or
TPACK (Mishra & Koehler, 2006), structures of technology-based mathematics lessons (McGraw & Grant,
2005), and validation of dynamic-geometry constructions (Stylianides & Stylianides, 2005). Teams analyzed
previous logs of their VMTwG interactions to examine, reflect, and modify in one meta-task their collaborative
norms and in other meta-tasks their mathematical practices and Accountable Talk.

META-TASK EXAMPLE

Part of the goal of professional development project is to promote reflective practices, among teachers’ and in
turn among their students. During a 14-week semester, given the course readings, the teams of teachers were
invited multiple times to reflect on their own VMTwG work. In the second week of the semester, each team was
asked to develop their collaborative norms. In the following week, for the first meeting, each team worked for
two hours on a mathematical task. In the second meeting that week, each team was asked to select and discuss
excerpts from their first meeting that illustrate its collaborative norms. Each team was also invited to modify its
norms if team members felt the need to do so. In the fourth week, each team was asked to read about
mathematical practices of Common Core State Standards and review its previous work to see where team
members employed those practices. Similarly, each team was asked to read about Accountable Talk in the sixth
week and review its discourse and discuss whether and how its discursive interactions showed any of the three
categories of Accountable Talk.

In this example, we present an excerpt from a team’s work and, particularly, their reflection on their
collaboration norms. Each team had posted its collaborative norms to an electronic discussion forum in
Blackboard, an online course management system that the project uses. Team members then were able to read
the norms of other teams. As each team reflected on its discursive interactions, team members became further
aware of particular collaborative actions that they felt would be helpful. For instance, after a team discussed and
agreed upon their collaborative norms, the team implemented their norms in the following session. For that
session, the following is an excerpt of the team members’ interactions:
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17 sophiak As we suggested, what should we do first? | am thinking we should
make sure we have our norms & then from there we could do this
task.

18 sophiak Just a suggestion & | am open.

19 sabrenam 21 okay great idea i am going to copy and pase the norms suggested
that is posted on black board, one second

20 sophiak Did we post our norms on blackboard? | didn't see them but then
again | am not that familar with blackboard & often find myself not
sure how to find everything.

21 gouri I believe the norms were posted by nadine yesterday

22 sophiak Okay, | didn't see them. I did see her summary of the articles but not
the norms. Since we have time Gouri, would you like to take control
& comment on what you are doing & understanding about the
diagram? This would save a bit of time?

23 sabrenam_21 1. listening while another is talking 2. respect other’s opinions 3.
respond with respect whether you agree or disagree with group
members reasoning 4. Stick to the topic of the talk , some of which
are the norms we identified with in team 3.

77 sophiak Please tell us what you d o Gouri so we can learn from you. This
should be a norm too...it is helpful so that we learn from each other.
(I think I read this as another groups norm)

The team members started the session by agreeing to state the norms that they established in the previous session

LERNT3

(see lines 17-21 and 23). This team’s norms include “listening while another is talking”, “respect other’s
opinions”, “respond with respect whether you agree or disagree with group members reasoning”, and “Stick to
the topic of the talk” (line 23). In line 22, sophiak asks Gouri to communicate what she does in the GeoGebra
window and what understands about the given figure. Implicit in sophiak’s request is the idea that she would
find it helpful for Gouri to enact a norm of communicating to other team members what actions (for example,
dragging base points) she performs on the figure and what she understands about the figure (such as properties
and relations) from the co-active responses of the GeoGebra portion of the VMTwG environment. Later in the
session, sophiak requests that the team member in control to of the GeoGebra window communicates to the team
the GeoGebra actions she performs (line 77). In the same line, sophiak then suggests that communicating one’s
GeoGebra actions should be add to the team’s norms and gives credit for this norm to another team.

This excerpt illustrates that team members not only reflected on logged interactions but also monitored and
negotiated the team’s collaboration during the session. It also yields two other results about the meta-task on
collaborative norms. First, the course readings and the team’s reflection and development of collaborative norms
enable team members to make each other accountable to norms of the team. Second, from reading norms of
other teams and attending to their work on a new task, a team member suggested new norms that the team
considered helpful for the team’s geometrical learning. Our meta-task design is aimed to help participants to be
more reflective on their own collaboration, mathematical practices, and Accountable Talk. This reflective
practice can help individuals be more aware of their own actions and the actions of other interlocutors as well.

DISCUSSION

In this paper, our aim was to describe how we address task-design challenges to promote productive
mathematical discourse among interlocutors working in an online synchronous environment. For the purpose of
promoting productive mathematical discourse in collaborative digital environments, we detailed our design
principles for constructing tasks as well as meta-tasks. In our virtual environment—VMTwG, a classroom
teacher or facilitator is present largely as an artifact of the environment’s digital tools and most specifically in
the structure and content of tasks and meta-tasks. An important feature of our task design is the questions of our
epistemic tools since when collaborating interlocutors respond to them they generate propositional statements
that can become the focus of their discussions. Their discussions are mathematically productive as their
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noticings, statements of meaning, and wonderings involve interpretations, procedures, patterns, invariants,
conjectures, counterexamples, and justifications about objects, relations among objects, and dynamics linking
relations.

Concerning meta-tasks, interlocutors consider and analyze their logged discursive interactions, each time
focusing on a particular process or content issue such as collaborative horms or mathematical practices. With
tasks, our guiding design principles aim to engage learners in productive mathematical activity through inviting
them to explore figures, notice properties, reflect on relations, and wonder about related mathematical ideas. The
design provides support through hints and feedback to help learners with certain parts of the tasks. The tasks also
include challenges that ask the participants to investigate certain ideas and extend their knowledge. The first
example provided above shows that the teachers moved from conjecture to justification through the use of our
epistemic tools. They constructed ideas that were new to them. Further investigation is needed to understand
how the task-design elements, the affordances of collaborative digital environments, and learners’ mathematical
discourse interact to shape the development of learners’ mathematical activity and understanding.
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THE ROLE OF TEACHER AND CURRICULUM IN INTERVENTIONS
IN DAILY LESSONS

Ok-Kyeong KIM
Western Michigan University

ABSTRACT: The demand of interventions in daily lessons is high in the classroom, and curriculum programs
make an effort to include resources for such interventions. Yet, there is no clear theoretical and practical
guidance on daily interventions for both teacher and curriculum. This study examines interventions that are
offered in written lessons from a range of elementary mathematics curriculum programs and those that teachers
actually incorporate into instruction, aiming at understanding the nature of interventions embedded in daily
lessons and the role of teacher and curriculum in classroom interventions. The results of the study highlight the
importance of intervention resources in the curriculum and teacher role in recognizing the affordances of
resources to provide appropriate interventions toward the mathematical point of the lesson.

Key words: intervention, curriculum, teacher knowledge, elementary
INTRODUCTION

This study focuses on interventions within daily lessons that are designed to support students when they have
difficulty understanding the instructional material or completing the assigned task. Teacher reactions to student
difficulties can be based on planned or on-site decisions. In either case, these interventions provide short, prompt
support situated within regular ongoing lessons along with the curriculum being used, as opposed to a long-term
program segregated from daily lessons. The demand of interventions in daily lessons is high in the classroom,
and curriculum programs make an effort to include resources for such interventions. Yet, there is no clear
theoretical and practical guidance on daily interventions for both teacher and curriculum. This study examines
interventions that are offered in a range of curriculum programs in the US and those that teachers incorporate
into instruction, in order to understand the nature of interventions embedded in daily lessons and the role of
teacher and curriculum in these classroom interventions. Specific research questions are:

1. What kinds of interventions are provided in the written lessons from a range of elementary
mathematics curriculum programs?

2. Which interventions do teachers use among those available in the written lessons and in what ways?

3. What do teachers do when no interventions regarding observed student difficulty are available in the

written lessons?
THEORETICAL PERSPECTIVES

Often, interventions are interpreted as special courses of instruction, usually with long duration, to promote
important learning goals that typical classroom practice has had difficulty in supporting (Stylianides &
Stylianides, 2013). These interventions are usually designed and tested through teaching experiments (e.g.,
Blanton, Stephens, Knuth, Gardiner, Isler, & Kim, 2015; Thomas & Harkness, 2013), and such interventions
utilize existing research and innovative approaches to redesign instruction for a particular topic and/or a specific
pedagogical aim. In contrast, while steering daily instruction, teachers provide interventions moment by moment
in order to accomplish lesson goals when they observe students struggling in understanding and using a
particular concept to complete an assigned task or to solve a problem. Alibali, Nathan, Church, Wolfgram, Kim,
and Knuth (2013) call this latter type of intervention a micro-intervention in that it occurs “as a lesson unfolds”
at the micro level. Timely interventions are critical in enacting lessons productively, and our field needs to
understand the nature of these interventions embedded in daily lessons.

There has been little research examining the nature of micro-interventions. Although they examined micro-
interventions, Alibali et al.’s (2013) focus was mainly on non-verbal teacher actions in trouble spots, such as
gestures. Other studies investigated some general approaches to interventions, such as student interactions and
levels of mathematical content (e.g., Dekker & Elshout-Mohr, 2004). Nevertheless, previous research on
interventions has not examined how teachers use curricular resources to intervene when students have difficulty
with the main mathematical idea of the lesson.
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Even though it is difficult to plan daily interventions since any issue can come up during instruction, there are
foreseeable student struggles on the main mathematical idea of the lesson. Many curriculum programs provide
anticipated difficulties students may have around the mathematical point of the lesson and suggestions for
teacher actions in such occurrences. In implementing written lessons, teachers evaluate curricular resources as
well as student thinking to determine appropriate teaching actions. Therefore, micro-interventions impose
challenges, on both teacher and curriculum, of predicting student struggles and addressing issues productively
toward learning goals. Emerging questions are: How do curriculum programs support teachers to prepare for
dealing with students’ difficulties in daily lessons? How do teachers use such resources in the curriculum to cope
with the moments in which students need extra support? This study investigates the nature of micro-
interventions around the mathematical point of the lesson and the relationship between the interventions
provided in written lessons and those in enacted lessons.

METHODS
Data Sources

This study draws on data from a larger study on teachers’ use of curriculum materials to design instruction in
grades 3-5 in the US. For curriculum analysis, 15 lessons (five per grade) were randomly selected from each of
five elementary mathematics curriculum programs, ranging from reform-oriented to commercially developed:
(1) Investigations in Number, Data, and Space (INV), (2) Everyday Mathematics (EM), (3) Math Trailblazers
(MTB), (4) Math in Focus: Singapore Math (MiF), and (5) Scott Foresman—Addison Wesley Mathematics
(SFAW). Twenty-five teachers (five per program) were observed in two rounds of three consecutive lessons and
interviewed after each round of observations. All the observed lessons were videotaped and transcribed; the
interviews were also transcribed.

This study uses all the written lessons selected to see the patterns in interventions from each program. This study
also uses enacted lessons and interviews from all five teachers implementing INV and one teacher per program
for the other four programs who was representative of the teachers using the same program. Data from all INV
teachers are used because INV is unique in providing interventions in terms of their frequency, extensiveness,
and emphasis. For example, each INV lesson includes a section of “INTERVENTION” after the main student
activity/task, providing anticipated student difficulty and suggested teaching actions. The other four programs
include a section of intervention in varying degrees. Besides those in the designated area, all five programs
occasionally include intervention suggestions along with anticipated student struggle in the lesson guidance. All
the observed lessons and interviews of the nine selected teachers were used for analysis. The written lessons
used by the nine teachers were also collected for analysis of interventions in the curriculum and for comparison
of written and enacted lessons.

Data Analysis

First, I analyzed the nature of interventions in the written lessons per program: their frequency, format and
location, emphasis (procedural or conceptual), relationship to the mathematical point of the lesson, and
extensiveness of guidance. Then, | specifically focused on the written lessons that the nine teachers enacted in
order to examine written interventions and anticipate what difficulties students might have and what teachers
might do in the enacted lessons.

When analyzing the enacted lessons, first | identified trouble spots in each lesson where interventions are
needed, by using the criteria Alibali et al. (2013) articulated: student-initiated questions, incorrect responses and
statements, and lack of certainty. Then, | analyzed how teachers reacted in these core trouble spots in each
lesson and compared and contrasted each teacher’s interventions during instruction with those provided in the
written lessons in order to find a pattern within each teacher. When there was no specific intervention provided
in the written lesson, | examined how the teachers utilized resources provided in the instructional guidance (e.g.,
directions, representations, and mathematical explanations) of the written lessons while helping students with
difficulty. In order to understand teacher intentions behind their specific intervention, | analyzed teacher
interview responses to questions on specific teacher actions during the observed lessons. Finally, | compared and
contrasted the patterns in the nine teachers’ interventions along with the written lessons they enacted.

RESULTS
Overall, interventions in the written lessons were limited in terms of the specificity and comprehensiveness, and

many of the micro-interventions in the enacted lessons were not productive, especially when important resources
provided in the written lessons were not used. The results of the study are briefly presented in three parts: (1)

96



International Conference on Education in Mathematics, Science & Technology (ICEMST), April 23 - 26, 2015 Antalya, Turkey

overall interventions in the written lessons in the five curriculum programs, (2) teacher interventions in relation
to those provided in the written lessons, and (3) teacher interventions when there were no specific interventions
provided in the written lessons.

Interventions in the Written Lessons

Interventions provided in the written lessons of the five programs vary greatly. Whereas EM seldom provides
interventions, MiF and MTB occasionally do in designated sections called, respectively, “Common Errors” and
“For Struggling Learners,” and “Meeting Individual Needs.” INV and SFAW include interventions along with
“on-going assessment” on a regular basis. MiF and SFAW tend to have interventions on procedural errors. For
example, MiF includes the following guidance in one of the written lessons examined: “Students may not always
write their answers in simplest form. Remind students to check that the numerator and denominator in their
answer have a common factor other than 1.” INV provides the most extensive guidance for intervention,
including specific actions often along with questions to ask and materials to use (see Figure 1). INV
interventions address student difficulty with the mathematical point of the lesson, providing conceptual support
for those who need assistance in the content of the lesson.

Although INV lessons usually provide useful interventions, sometimes it is not clear when to do such
interventions, or the curriculum explains only what students may benefit from without indicating a specific
struggle or any other specific instructional suggestion. For example, in a lesson on using two arrays to make a
rectangle, the only intervention provided is: “Some students may benefit from working with you in a small
group while others work in pairs. Students in the group take turns choosing a large array for the rest of the group
to match with two small arrays.” Also, some interventions in INV have limitations in addressing student
struggles sufficiently because they simply suggest teachers use smaller numbers in the problems.

Interventions in the Enacted Lessons

All the enacted lessons exhibited student difficulty in relation to the mathematical point of the lesson at various
moments. Students expressed their difficulty or confusion in varying degrees. In some classrooms, students’
difficulty was related only to procedures because that was the focus of the lesson; in others, students expressed
their confusion based on the lack of conceptual understanding. Surprisingly, the teachers who were analyzed
rarely used interventions provided in the written lessons. They created their own interventions regarding the
mathematical points of the lesson. In some cases, teacher actions apart from curricular guidance caused student
difficulty. Although INV provides the most extensive and conceptually based interventions among the five
programs analyzed, the teachers implementing INV did not utilize most of the interventions that could have been
very effective in the trouble spots that they faced. The same trouble spots recurred since they were not handled
properly. For example, one teacher emphasized key words in solving and creating multiplication and division
story problems, and her students had tremendous difficulty creating their own word problems. The intervention
suggestions provided in the written lessons are:

Help students talk through the elements of a multiplication situation (two known factors and an unknown
product and a division situation (product and one known factor). Write multiplication and division equations
with small numbers and ask students to model the action of each with cubes. (TERC, 2008, p. 127)

This intervention guidance is further detailed with the specific script shown below, to use during intervention.

Look at this equation, 3x4=__ (or 12+4=_ ). Can you show me with cubes what this problem would look
like? Can you think of a situation to write about in which you might have 3 groups of 4 things (or 12 things
divided into groups of 4 or 4 groups)? (TERC, 2008, p. 128)

As seen above, the written lesson predicted that students would have difficulty distinguishing multiplication and
division situations and creating story problems on their own, and provided detailed guidance to support such
students. The intervention highlights the meaning of multiplication and division with a pair of related equations
(i.e., 3x4=__ and 12+4=_ ). The written lessons also include the following guidance, using the meaning of equal
groups:

Listen for student understanding of the difference between multiplication and division. For example, do the
problems students make for the expression 18+3 begin with the quantity 18 and divide it into 3 equal groups
or groups of 3? Do the problems for 6x3 involve 6 groups of 3 or 3 groups 6? (TERC, 2008, p. 126)
The written lessons consistently emphasized the equal groups meaning of the two operations in order to
highlight their similarities and differences and guided teachers to do so. Not using any of the extensive specific
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interventions, however, the teacher repeatedly reminded students of key words they generated. In her
interventions the teacher constantly stated, for example, “If it says ‘in each,’ it’s gonna be a division problem.”
She also asked questions, such as, “‘Now remind me, what are our multiplication key words? If it’s a
multiplication story problem, it’s gonna have what key words in it?” As a result, she lost an opportunity to
highlight the characteristics of multiplication and division in relation to each other, and students continued to
have difficulty creating their own multiplication and division story problems.

Teacher Actions When Specific Written Interventions Not Available

When there were no interventions provided in the written lessons or, if any, only procedural ones, teachers had
difficulty providing appropriate interventions. Some teachers inaccurately assessed what students had difficulty
with or what might have caused the difficulty. It seemed that some teachers did not to know how to help students
overcome their constant difficulty understanding and using the main ideas of the lesson. In such cases, they
usually tried to tell students facts and information students need to know or repeated the same explanation they
had already provided. Even when they tried to assist students with conceptual meaning, they did not go beyond
the surface level and stopped pursuing a further intervention.

Although at times no specific interventions were provided in the written lessons, some lessons included critical
curricular resources, such as representations and mathematical explanations based on the meaning, which could
be used effectively during interventions. | observed that teachers did not use such critical resources provided in
the curriculum when tried to help students understand the mathematical ideas of the lesson. For example, the
teacher who enacted lessons from MiF did not use a bar model representing addition and subtraction with
fractions (see Figure 1). The written lessons introduced two methods for subtracting a fraction from a whole
number or a mixed number:

Method 1: 3_ﬂzgg_ﬂ—2§
9 9 9 9

Method 2: 4_27_ 4_23_,5

Figure 1. Bar Model Used in MiF to Represent 3 — 4/9

9
in previous lessons, they had a lot of difficulty making sense of the two methods introduced by the teacher and
how the two are related. In MiF there were no specific interventions regarding this difficulty other than one
sentence in the guidance for the lessons: “Note: Reading the number sentences aloud may help students
understand why only the numerators of the fractions are subtracted” (Kheong, Sharpe, Soon, Ramakrishnan,
Wah, & Choo, 2010, p. 253). This particular intervention emphasizes the meaning of fraction and fractional
units, such as how many ninths are there as a result of subtraction. However, it does not help students understand
why 3 needs to be renamed as 2 and 9/9, or 27/9, why both methods work, and how they are related.

Although students renamed whole numbers as mixed fractions and improper fractions (e.g., 3:29:118 _27)
9

As shown in Figure 3, the written lesson uses a bar model to represent 3 — 4/9 visually and conceptually—what
it means to subtract 4/9 from 3 and what is left as a result of the operation. Without using the bar model,
however, the teacher verbally explained renaming of 3 in different ways (e.g., 2 and 9/9, and 27/9) in order to
subtract 4/9. Explaining renaming without the model kept the concept on an abstract level and students
continued to have difficulty understanding similar solutions to other problems in the three observed lessons.
Without the representation, her explanations did not help students see the rationale for the procedures, and many
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of the students chose just one of the two methods to solve other problems and were not able to relate the two
methods presented in the written lessons. Even when students mentioned using the model (“I can draw a picture
on the board”), the teacher said, “No, that’s okay. If somebody needs a picture, we will add that. I don’t want to
confuse anybody.” The teacher strongly believed that the model would confuse students rather than helping
them see why the procedure works and explained the renaming repeatedly.

DISCUSSION

This study highlights the importance of intervention resources in the curriculum and teacher role of recognizing
the mathematical point of the lesson and the affordances of curricular resources to use intervention resources
productively and to create an appropriate one when not available in the curriculum. The latter is a critical
component of teacher pedagogical design capacity, which Brown (2009) refers to as a teacher’s ability to
perceive affordances of the curriculum, make proper decisions, and follow through on plans. This study has
implications for teacher education and curriculum design regarding teachers’ instructional decisions, although
further studies on micro-interventions are needed for theoretical and practical elaborations.

It seems that two kinds of teacher knowledge were particularly critical in the interventions in the enacted
lessons: teachers’ knowledge of student need (what students have difficulty with and where the difficulty comes
from) and curricular knowledge (Ball, Thames, & Phelps, 2008; Choppin, 2011). The teachers recognized
student difficulty, but many of them failed to accurately assess the origin of the difficulty and determine what
could be done to resolve the problem. Choppin (2011) elaborated teacher knowledge of resources that facilitate
student thinking, suggesting that teachers need to recognize the affordances of resources to help students learn
the content. It seems that most of the teachers analyzed in this study failed to recognize the affordances of the
resources included in the curriculum that they were using.

This study also revealed inconsistences and limitations of intervention resources available in the written lessons.
Curriculum developers need to examine the way they provide intervention resources, because crafting
appropriate, timely interventions is a real instructional challenge for teachers as they are to make abundant
decisions during instruction. Further research can guide the direction for providing proper resources to teachers.
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PROBLEM-BASED LEARNING ASSOCIATED BY ACTION-PROCESS-
OBJECT-SCHEMA (APOS) THEORY TO ENHANCE STUDENTS’
HIGH ORDER MATHEMATICAL THINKING ABILITY

Achmad MUDRIKAH
Nusantara Islamic University

ABSTRACT: The research has shown a model of learning activities that can be used to stimulate reflective
abstraction in students. Reflective abstraction as a method of constructing knowledge in the Action-Process-
Object-Schema theory, and is expected to occur when students are in learning activities, will be able to
encourage students to make the process of formation of new mental objects, new processes and new schemes
through the construction process in the form of generalization, interiorization , encapsulation, coordination and
reversal. Problem-based learning that is presented through eight steps of learning has been able to enhance the
mental action in students even though there is no doubt that it can not possibly know the whole picture of a
person's mental activity. All steps in the problem-based learning approach can reflect on the problems of
mental action in students. Problem-based learning is appropriate to be used to improve students’ high order
mathematical thinking ability because of it has been able to condition the reflective abstraction related mental
actions, mental processes, mental objects and schemes in students. Computer assistance and scaffolding
techniques can be further stimulus for students to take place in their mental action which corresponded to
expectations.

Key words: problem-based learning, APOS theory, high order mathematical thinking
INTRODUCTION

Learning mathematics in the view of recent development of mathematics education must create processes and
goals that lead to the achievement of competencies that make students able to make a conjecture, to
communicate, to solve problems, reasoning logically and having positive attitude towards mathematics. This is
because of learning mathematics is not only learning it as a fixed and unchanging collection of facts and skills,
but it must be an emphasis on the importance of conjecturing, communicating, problem solving and logical
reasoning (Conway & Sloane, 2005). High School Subjects’ Mathematics Standards Content Document
(Depdiknas, 2006: 388) reinforces this view of mathematics by stating that mathematics intended that learners
have the ability to understand mathematical concepts, using reasoning the pattern and nature, solving problems,
communicating ideas, and have respect for the usefulness of mathematics in life. This assertion is related to
senior high schools students’ ability of high order level mathematical thinking ability and respect for the
usefulness of mathematics known as mathematical disposition after learning of mathematics in schools and
termed as competency standards. Since it is considered as a standard, then the whole effort is worth the ability
to be shared by all students after they completed their education at high school level.

Resnick (Mc Curry, 2005: 2) suggests the characteristics of high-order thinking as thinking and non-
algorithmic complex that includes:

many solutions;

nuanced decide and interpret;

application of the employed several criteria;

lack of stipulations;

self-regulation of the process of thinking;

determination of meaning, the discovery of the lack of uniform structure, and business.
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Mathematical problem solving is a part of high-order mathematical thinking ability. Resnick [2] suggests the
characteristics of high-order thinking as thinking and non-algorithmic complex that includes:

a) multiple solutions;

b) nuanced judgment and interpretation;

c) application of the employed multiple criteria;

d) often involves uncertainty;

e) self-regulation of the thinking process;

f) involve imposing meaning.

Activities that classified to the mathematical problem solving according to Sumarmo [3] include:

a) Declare a situation, figure, diagram, or tangible objects into the language, symbols, ideas, or mathematical
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models
b) Explain the idea, situation, and relations math orally or in writing.
c) Listening, discussing, and writing about mathematics.
d) To read with understanding a written mathematical representations.
e) Disclose back one paragraph description or math in own language.

Mathematical Communication ability is also a part of high-order mathematical thinking ability. This ability can
be classified at the high-order mathematical thinking ability but could also be classified in the low-order
mathematical thinking ability, depending on the complexity of communication involved. Mathematical
Communication according to NCTM (2000) is an important part of mathematics and mathematics education
and a way of sharing ideas and clarifying understanding. When students are challenged to think about
mathematics and communicating it to others either orally or in writing, they learn to be a person who can
explain and convince others. Given this mathematical communication, students will be able to listen to the
explanations of others so that give them the opportunity to develop their understanding. Efforts to share ideas
and clarify mutual understanding can occur in mathamateics classroom when the discussion is in progress both
in the classical and in groups.

The students involved in the discussion according to Hatano and Inagaki (NCTM, 2000) will gain a better
understanding of mathematics when trying to explain their different point of view to convince their group
discussion. Activities that involve mathematical communication skills thereby helping students to develop a
language that expresses mathematical ideas and an appreciation of the need for precision in the use of language.
The students who have the opportunity, encouragement, and support for speaking, writing, reading and
listening in mathematics classes will gain a double advantage in the form of communicating to learn
mathematics and learning mathematics to obtain mathematical communication skills.

Communication skills of high school students in mathematics at NCTM (2000) must appear in the form of the
ability to construct a logical sequence of thought, express themselves in a clear and reasonable, to hear others
ideas, and think about the people who pay attention to writings or their words. Senior high school students must
be capable of being a good critic on the opinion of others and himself. Thus, high school students should be
able to build a variety of explanations, formulate various questions, and write a variety of arguments that can be
logically correct and reasonable by the teachers, their colleagues or the mathematicians. All of that can be done
if the students have the ability to use language and mathematical symbols and correct both when
communicating it using descriptions, geometric diagrams, ordinary language or the algebraic symbols. Students
also must be able to work just as well in the sense that it can work effectively with colleagues.

Learning mathematics in accordance with the present views about mathematics have to pay attention to
students’ learning processes through the construction of the knowledge that they are doing by their own based
on their cognitive development. Piaget’s ideas about learning by means of cognitive development have
developed by von Glaserfeld [4] as a view of constructivism, a knowledge philosophy which emphasis
knowledge that one acquire is a construction from him or herself and known as radical constructivism. This
view of learning formulated its fundamental principles as follows:

Knowledge is not passively received either through the sense or by way of problem solving;

Knowledge is actively built up by the cognizing subject.

The function is adaptive, in the biological sense of the term, tending towards fit or viability;

Cognition serves the subject’s organization of the experiential world, not the discovery of an objective
ontological reality

NS s

Related to the constructivist view of learning mathematics, Meel (2003) states that construction of knowledge
as a result of the understanding of mathematical concepts developed through the formation of mental objects
and the association between it. Thus, when constructivism learning theory will be applied in mathematical
learning, it will be needed to pay attention to the meaning of the process of formation of new knowledge and its
main elements to support the learning process that is expected.

Theories about constructing new mathematical knowledge that is part of the constructivist view begins with
what Piaget stated (Dubinsky, 2002) about the process of reflective abstraction which are part of the three types
of abstraction processes as well as empirical abstraction and pseudo-empirical abstraction. Reflective
abstraction as a method of knowledge construction is the core theory of APOS (Action - Process - Object -
Schema) from Dubinsky. According to Dubinsky [6] five types of important Piaget's construction process
explain how the new objects, new processes and new schemes can be constructed in an effort to develop an
abstract mathematical concepts consist of: generalization, interiorization, encapsulation, coordination and
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reversal. A Person's response to a situation that allows the emergence of a mathematical concept through the
construction of a mental process in his thoughts related to the concept is the meaning of interiorization.

The composition of two or more processes to construct a new process called coordination. Psychological
description given by Ayres and Dubinsky (Dubinsky, 2002) pointed to the formation of the composition of two
functions. The composition of function is a binary operation that has meaning to take action on the two objects
to form a third object. Two functions are considered as two objects must be "disassembled” by a student to be
reflected on the related processes and being interiorized. Construction stage which may be the most important
and most difficult math for students called to convert a dynamic process into a static object and is referred to as
encapsulation. When a student learns to apply an existing scheme on a wider set of phenomena, then we say
that the scheme has been generalized. Meanwhile, when a process appears internally, allowing for students to
think about in the opposite form, and can be interpreted as constructing a new process using the reverse process
of the origin, then the ability to this kind of thinking is called a reversal.

In an effort to try to develop this idea of reflective abstraction, Dubinsky (2002) isolated what appears to be a
significant feature of these ideas, reflect on their role in high-level mathematics, and reorganize or reconstruct
to form a theory related to mathematical knowledge and its construction. Reflective Abstraction by Dubinsky
will be the construction of mental objects and mental actions on these objects. In an attempt to elaborate his
theory and relate to certain concepts in mathematics, Dubinsky then uses the idea of the schema. A schema is a
collection of objects and processes that can be highly inter-related or less related. The tendency of students to
involve a schema in an effort to understand, treat, organize, or interpret a problem situation has been estimated
as a conceptual knowledge of mathematics itself. Thus a mathematical concept will have a unity of some vast
scheme. There will be some schema for situations that include numbers, arithmetic, form the set, function,
proposition, calculation, verification by mathematical induction, and so on through the whole of one's
mathematical knowledge. These schemas should be completely intertwined in a large number of complex
organizations.

Mathematics teachers do not only have to teach their students how to solve problems, but to learn mathematics
through problem solving too. When many students develop procedural fluency, they often lack understanding
of the concepts needed to solve new problems or make connections between mathematical ideas. This presents
a challenge for teachers, and Problem-Based Learning (PBL) provides opportunities for teachers to face this
challenge. PBL emerged as a teaching approach based on constructivism learning and the ideal student-
centered learning. When using PBL, teachers help students to focus on solving problems with a real life
context, encouraging them to consider the situation that posed by a problem when trying to find solutions.

Computer-assisted instruction with regard to teaching or learning presented by means of a computer device.
Computer programs are interactive and can illustrate a concept through animation, sound and attractive
demonstrations. The programs provide flexibility for students to develop through their own pace and work
individually or in groups to solve problems. Computers can provide immediate feedback that allows students to
know their correct answers. If the answer is incorrect the program shows students how to answer the question
correctly. Computers offer a different type of activity and a change of pace through the guidance of a teacher or
teaching groups.

MathXpert (Beeson, M., 2003) is a system that allows a person to do mathematics on a computer screen in
much the same way as it is done with pencil and paper, but with some important differences:

(1) It is not possible to make a mistake.
(2) If you do not know what to do, MathXpert can help you.

These features of MathXpert should be compared to the two main difficulties that people experience in their
attempts to learn mathematics: you have to be very careful in mathematics, because a slight error can throw you
completely off track; and mathematics is cumulative, so you must master each part of the subject before
moving on to the next part. The benefits of using mathxpert software are happens because this program can
help show all steps; its computer algebra is true: it can serve as a teacher, it draws the graph correctly, and can
easily make the graphs students need to see.

Computer-assisted problem-based learning (CAPBL) by using MathXpert software program can be expected to
maximize the benefits of Problem Based Learning. The goals of mathematics learning which allow students to
have an important role in the process of learning mathematics and mathematical abilities obtained in
accordance with that goals, are expected to be more easily realized. Another important thing to note by the
teacher is an attempt to make the appropriate teaching materials through the use of CAPBL.
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METHODS

The study used a 3 x 2 and 3 x 3 factorial designs and each were varying in learning approaches and student
settings (3 x 3 factorial design for students’ prior mathematical ability (PMA) and 3 x 2 factorial design for
school category or cluster). The two dichotomous variables in 3 x 3 factorial design generated six experimental
groups: (1) CAPBL in high level of PMA; (2) CAPBL in medium level of PMA; (3) CAPBL in low level of
PMA; (4) PBL in high level of PMA; (5) PBL in medium level of PMA; (6) PBL in low level of PMA; and
generated three control groups: (1) conventional learning in high level of PMA; (2) conventional learning in
medium level of PMA; and (3) conventional learning in low level of PMA. The two dichotomous variables in 3
x 2 factorial design generated four experimental groups: (1) CAPBL in high category school; (2) CAPBL in
middle category school; (3) PBL in high category school; (4) PBL in middle category school; and generated
two control groups: (1) conventional learning in high category school; and (2) conventional learning in middle
category school.

The participants were 209 Year 11 students in six mathematics classes of two Indonesian senior high schools
with two categories. Each school category consisted of 3 classes students. 3 classes in high category school
consisted 1 class for CAPBL setting (31 students); 1 class for PBL setting (34 students); and 1 class for
conventional setting (34 students). 3 classes in medium category school consisted 1 class for CAPBL setting
(38 students); 1 class for PBL setting (36 students); and 1 class for conventional setting (36 students). The
students had graduated from junior high schools that used a National Curriculum, and therefore, it can be
assumed that all students had fairly similar mathematical experiences. The participant school used a
competency-based curriculum (Depdiknas, 2006) that was part of the Indonesian National Curriculum for
senior high schools. Mathematical problem solving ability developed through small group learning, such as the
ability to demonstrate and interpret mathematical ideas in written or oral form, were one of the outcomes. At
the time the research was carried out, students had been taught by the same mathematics teacher.

RESULTS AND FINDINGS

Most of all of the research results are the inferences of statistical test. Statistical result of mathematical problem
solving is on the Table 1, Table 2., and Table 3. The Tables show that learning factor tends to give higher
mathematical problem solving achievement and gain than school category and PMA. Learning factor has give
higher mathematical problem solving achievement and gain than school category because of medium category
school of CAPBL setting get similar post test score and gain (32.61 and 0.46) than high category school of PBL
(32.00 and 0.45) and get higher than conventional setting (27.09 and 0.35). Learning factor has give higher
mathematical problem solving achievement and gain than PMA level because of medium level of PMA from
students that acquire CAPBL setting get similar post test score and gain (35.98 and 0.52) than high level of
PMA from PBL (35.00 and 0.49) and get higher post test score and gain from conventional setting (27.28 and
0.36).

Table 1. CAPBL Students’ Mathematical Problem Solving
According To Learning Approach, School Categories And PMA

School CAPBL
Ca <g
te- | PMA Pre Test Post Test S
gor r S r S r
y
47. 4, 0.
High 8'17 1'94 1 0 716
7 7 1
36. 4, 0.
Medium | 4| %1 3| 1| 5% .
3 1 K
High 5 3 8
5.0 41 31. 2. 0.
Low ’ 0 .8 8 9 4|5
0 5 6
Sub 37. 6. 0.
Tot 7.21 2.57 5 1 5 3 )
al 9 5 5
Middl . 7.6 3.0 34. 8. 0.
e High 70 6 0 ARIE
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ol 9| 7
3. | 6 | 0
Medium 4'71 3'53 al 7] sl ]
71 sl 3
29 | 6 |0
Low 7'89 2'32 6| 6 all :
71 sl o
Sub 32 | 7. ] 0
Tot 6'45 3'30 6| 1| 43 .
al 11 9| 6
2. [ 8 |0
High 8'00 2'18 71 3] elo
s| o 3
3. | 5 | 0.
Medium | 82 | 30 o| 3| s|?
8| 8 q
Total 8 4 2
o 20 | 30 [6 [0 [,
Low 2020 1 o af? ]
3| 5| 1|
2> |34 | 7 |0
Total 6'81 9 9 1 5 / A
8 6 3 0 9

Maksimum Score = 68
Posttest—pretest
Maximum Score- pretets

<g> = Normalized gain =

CAPBL: Computer-Assisted Problem Based Learning Approach

Table 2. PBL Students’ Mathematical Problem Solving
According to Learning Approach, School Categories And PMA

School PBL
Ca <g
te- | PMA Pre Test Post Test SN
gor r S r S r
y
38. 2. 0.
High 6'75 1'89 7 2 5| 4
5 2 7
32. 5. 0.
Medium .4 2.3 9 4 4 1 J
7 7
High 41 6] 6
g 27. | 4 | o
6.5 3.0 1
Low 0 6 7 9 3 (
0 2 8
Sub 32. 6. 0.
Tot 7'06 2'53 0 0 4 3 1
al 0 3 5
30. 4. 0.
High 8'00 6'93 0 3 3| 3
0 5 9
32. 6. 0.
Medium 8'06 3'42 3 5 4 1 ;
Middl 8 7 4
e 22. 3. 0.
Low 6'71 2'89 51 5| 2/t .
3 9 4
Sub 27. 6. 0.
Tot 7'42 3'47 5| 9 32 .
al 3 9 6
Total High 7.2 4.2 35. 5. 0. |7
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o 71 o] 5] 4
o| 4| o
32. [ 5 |0
Medium 7'74 2'89 6 9 4 3 A
71 a4l 5|
22 | 9 |0
Low 6'63 2'87 1| o 3% |
71 71 1
29. | 6. | 0.
Total 7'25 3'05 6| sl 4lf |
o| 9| o

Maksimum Score = 68

Posttest— pretest
Maximum Score-pretets

<g> = Normalized gain =
PBL = Problem-Based Learning Approach

Table 3. Conventional Students’ Mathematical Problem Solving
According to Learning Approach, School Categories, (Ind PMA

School Conventional
Ca <g
te- | PMA Pre Test Post Test 5|
gor
r S r S r
y
. 2.8 27.0 4.7 0.3
High 9.40 5 9 7 5| 5
Mediu 2.2 28.6 6.1 0.3 1
m 8.00 4 3 0 7 g
High 25 | 225 |43 (03 |1
Low 5.00 4 0 3 0 (
Sub
To 730 28 | 270 |61 [03 |3
' 5 9 3 5 4
tal
. 115 3.5 30.5 0.7 0.3
High 0 3 0 1| 7]2
Mediu 785 30 | 196 |57 [02 |2
. m 8 5 3 1 g
Middl Low 613 | 28 | 197 |36 [02 [
e : : 5 1 4
SUbTO 767 31 | 202 |57 [02 |3
: 8 8 0 3 G
tal
. 10.0 29 272 |60 |03
High 0 9 8 1 6|’
Mediu 701 27 | 234 |73 |02 |4 ]
Total m 3 4 > 8 3
26 212 |41 |02 |1
Low 5.50 4 8 6 7 E
30 | 235 |68 [02 |7
Total 7.50 1 9 0 9 a

Maksimum Score = 68

Posttest— pretest
Maximum Score-pretets

<g> = Normalized gain =

According to learning factor, the enhancement and the achievement of students’ mathematical problem solving
that acquire learning in CAPBL setting tend to get higher than the students that acquire PBL and conventional
learning. So it is with PBL setting tends to get higher than the students that acquire conventional learning.
According to school category, the enhancement and the achievement of students’ mathematical problem
solving whose acquire CAPBL from high category school tend to get higher than the students whose acquire
CAPBL from medium school category. So it is with PBL setting and conventional setting. According to PMA,
the enhancement and the achievement of students’ mathematical problem solving whose acquire CAPBL from
high level tend to get higher than the students whose acquire CAPBL from medium and low level of PMA. So
it is with PBL setting and conventional setting.
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Most of all of the research results are the inferences of statistical test. Statistical result of mathematical
communication ability is on the Table 4, Table 5., and Table 6. The Tables show that learning factor tends to
give higher mathematical communication achievement and gain than school category and PMA. Learning
factor has give higher mathematical communication achievement and gain than school category because of
medium category school of CAPBL setting get higher post test score and gain (44.47 and 0.51) than high
category school of PBL (42.84 and 0.47) and conventional setting (36.62 and 0.36). Learning factor has give
higher mathematical communication achievement and gain than PMA level because of medium level of PMA
from students that acquire CAPBL setting get higher post test score and similar gain (47.53 and 0.56) than
high level of PMA from PBL (42.57 and 0.57) and get higher post test score and gain from conventional setting
(43.86 and 0.21).

Table 4. CAPBL Students’ Mathematical Communication
According To Learning Approach, School Categories, And PMA

School CAPBL
Ca Pre Test Post Test <g>
te- | PMA n
gor r S r S r
y
High 16.00 2.53 56.67 3.88 0.69 6
Medium 13.39 3.54 48.87 4,54 0.57 23
. Low 12.20 4.32 40.00 3.54 0.44 5
High
Sub
Tot 13.68 3.60 48.94 6.36 0.57 34
al
High 13.33 4.62 46.00 8.19 0.53 3
Medium 12.18 5.95 45.71 7.88 0.53 17
Middl Low 12.78 3.61 43.06 6.07 0.49 18
e Sub
Tot 12.55 4.75 4447 7.02 0.51 38
al
High 15.11 3.33 53.11 7.39 0.64 9
Total Medium 12.88 4.69 47.53 6.29 0.56 40
Low 12.65 3.68 42.39 5.69 0.48 23
Total 13.08 4.26 46.58 7.04 0.54 72

Maksimum Score = 75

Posttest— pretest
Maximum Score-pretets

CAPBL.: Computer-Assisted Problem Based Learning Approach

<g> = Normalized gain =

Table 5. PBL Students’ Mathematical Communication
According to Learning Approach, School Categories, And PMA

School PBL
Ca <g
te- PMA Pre Test Post Test S N
gor
r S r S r
y
High 14.25 0.96 48.25 5.50 0.56 4
Medium 15.00 453 42.82 6.14 0.47 17
. Low 13.90 3.84 40.70 4.64 0.43 10
High
Sub
Tot 14.55 3.97 42.84 5.92 0.47 31
al
High 7.33 4,04 48.33 4,73 0.60 3
Medium 12.94 414 43.50 5.13 0.49 16
Middl Low 14.24 3.80 34.18 4,90 0.32 17
e Sub
Tot 13.08 4,29 39.50 7.16 0.42 36
al
Total High 11.29 4.42 42.57 12.83 0.57 7
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Medium | 1400 | 440 | 34.70 940 | 045 | 33
Low 1411 | 3.75 | 16.85 475 | 020 | 27
Total 13.76 | 417 | 41.04 6.78 | 044 | 67

Maksimum Score = 75

Posttest— pretest
Maximum Score- pretets

<g> = Normalized gain =
PBL = Problem-Based Learning Approach

Table 6. Conventional Students’ Mathematical Communication
According to Learning Approach, School Categories, And PMA

School Conventional
Ca <g
te- | PMA Pre Test Post Test 5
gor
r S r S r
y
. 15.6 2.9 47.8 0.5
High 0 7 o | 1011 4| 5
Mediu 15.0 4.1 36.0 0.3 1
m 0 8 5 | 363 5[ d
High 15.0 3.2 32.1 0.2 1
Low 0 0 0 3.75 8 d
S”bTO 150 | 36 366 | 46 |03 |3
9 6 2 ' 6 4
tal
0.7
. 215 34.0 0.2
High 0 g 0 1.41 3 2
Mediu 12.7 31 27.0 02 | 2
m 3 5 8 6.324 3 G
Middl 7
€ 12.2 21 1943 0.1
Low : 8 : 4,984 : 8
5 8 8 9
SUbTO 13.1 35 | 26.8 616 |02 |3
1 2 6 ’ 2 G
tal
. 17.2 37 | 438 0.2
High 9 ; o | 1067 1|7
Mediu 13.6 3.7 |308 6.94 01 | 4 ]
Total m 9 5 ! ! 3
Low 13.7 3.0 28.6 577 0.0 1
8 6 7 ) 9 g
14.0 37 | 316 01 |7
Total 7 0 0 8.17 3 (

Maksimum Score = 75

Post test— pretest
Maximum Score-pretets

<g> = Normalized gain =

According to learning factor, the enhancement and the achievement of students’ mathematical problem solving
that acquire |

CONCLUSION

This study contrasted the influence of a learning approach in either problem-based learning (CAPBL and PBL)
or conventional settings. Four experimental groups and two control groups were formed varying in learning
approach (CAPBL, PBL or conventional) and student setting (School categories and students’ PMA) during
acquisition of multi-step calculus concepts (limit and differential). All students were then tested individually on
problems that were very similar in nature to those provided during acquisition. Both mathematical problem
solving and mathematical communication were assessed during these two tests.

The results based on mathematical problem solving ability test in both the experimental class of school
categories have been able to show that students mathematical problem solving from high category school are
higher than students in experiments middle school category. Meanwhile, students of the high PMA
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experimental class have been able to demonstrate higher mathematical problem solving than students from the
medium and low PMA experimental class. Similarly, students of the medium PMA experimental class were
able to demonstrate higher mathematical problem solving than students from low PMA experimental class.
This indicates that problem-based learning with all supporting components for facilitating students can improve
mathematical problem solving skills in accordance with the mathematical potential with respect to both
categories of schools and PMA.

Based on the results of mathematical problem solving test (MPSA Test) students who received problem-based
learning without and with computer assisted instruction shows improved mathematical problem solving
significantly better than students who received conventional learning. This suggests that, in the process of
problem-based learning both computer-aided and unaided computer with all supporting components have
contributed to the improvement of students’ mathematical problem solving.

Identify the adequacy of the data for problem solving is one of the indicators of the mathematical problem-
solving abilities are enhanced in this study. Problem-based learning process that places more emphasis on the
activities of students in constructing their own mathematical knowledge through problem solving activities
provided by the teacher has been able to make the students accustomed to identifying the problem.
Identification data through problem solving in groups to train the students to learn to challenge the adequacy of
the data needed to solve the problem. Computer-assisted experimental class students have more opportunities
to perform activities related to the ability of these indicators for the identification of the adequacy of the data
have been trained in problem solving is better than the experimental class students without computer assistance.
The information obtained by students through the existing facilities at MathXpert program makes students feel
more independent and this is quite a positive influence in efforts to solve the problems they confront.
Meanwhile, students in the control class have less opportunity to practice identifying the adequacy of the data
needed to solve the problem because all of the proposed solutions are available or have been given by the
teacher.

The results based on mathematical communication abitily test in both the experimental class of school
categories have been able to show that students mathematical communication ability from high category school
are higher than students in experiments middle school category. Meanwhile, students of the high PMA
experimental class have been able to demonstrate higher mathematical communication ability than students
from the medium and low PMA experimental class. Similarly, students of the medium PMA experimental class
were able to demonstrate higher mathematical communication ability than students from low PMA
experimental class. This indicates that problem-based learning with all supporting components for facilitating
students can improve mathematical communication skills in accordance with the mathematical potential with
respect to both categories of schools and PMA.

Based on the results of Mathematical Communication Ability Test (Mca Test) students who received problem-
based learning without and with the aid of computer-assisted instruction shows improved mathematical
communication significantly better than students who received conventional learning. This suggests that, in the
process of problem-based learning both computer-aided and unaided computer with all supporting components
have contributed to the improvement of students’ mathematical communication ability.

The ability of students to express a situation, drawing, diagram, or tangible objects into the language, symbols,
ideas, or mathematical models is the ability related to mathematical concepts relevant knowledge and true-
owned to be used according to the needs in this ability. In terms of ability, the second class of experiments
through learning activities that emphasize problem solving by the teacher, students have the flexibility to better
understand the concept of the teacher. These activities can make students have higher ability to declare a
situation into the language, symbols, ideas, or mathematical models. Especially for computer-assisted
experimental class, students are better trained to be able to have the skills mentioned above. MathXpert
Program used as a tool in learning the information obtained independently and students need to be able to
declare a situation into the language, symbols, ideas or mathematical models. The students as well as to test the
accuracy of the mathematical models they use to help MathXpert program tailored to the problems they face.
Meanwhile, the control class students' ability to express a situation is not so well trained in conventional
classroom learning because despite the discussion in the face of problems, but done in the classical style that
students tend to immediately get an answer.

The ability of students to be able to listen, discuss, and write about mathematics can also be obtained during the
learning process in the classroom experiment. The learning process conducted by the students through a
discussion of each small group of students by challenging problems given on the student worksheet, make the
students accustomed to doing things related to this capability. On a class of computer-aided experiments, the
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ability of students to be able to listen, discuss, and write about math as well as obtained through student
worksheets are also available from the computer display MathXpert program that stimulates the curiosity of
students. All of it is less found in the control class because the student has the opportunity to discuss at the time
the teacher asked a question in the classical style. The problems submitted by teachers also tend to problems
directly lead to the concept being taught.

Based on the above, it is concluded that the cause of the increase in mathematical communication ability of
students in the experimental class better than students in the control class is differences used of learning
approach in the experimental class and control class. Similarly, the advantage of computer-assisted problem-
based learning compared to the problem without the help of computers in improving students' mathematical
communication skills more on the wider opportunities provided MathXpert program to provide independence
in doing the student worksheet. However, an increase in the better class of experimental than control class does
not mean that students in the experimental class has mastered well all the components of mathematical
communication skills.

The mean score of students’ posttest mathematical communication ability in the class computer-aided
experimentation, namely 46.58 and the class of experiments without the aid of a computer is 41.04 out of the
ideal score 75 show that this ability is less than optimal. Although the implementation of this is done with the
time for half the semester, it seems that the time frame was too little compared to the custom of students over
the years following the conventional learning since they were sitting on a bench elementary school through
high school class. This leads to the difficulty of providing adjustments to the students. Adjustment is one of
them is in their ability to demonstrate higher-order thinking, because the problem-based learning students'
willingness to do the work that requires a high level of mathematical thinking skills are the main assets in
constructing knowledge. This is consistent with the character-based constructivist learning which requires the
construction of knowledge by students themselves.

Creating a mathematical model of a situation or daily life problem and solve it is also an indicator of the ability
of solving mathematical problems which seek improved in this study. Serving teaching materials that
emphasize the experimental class that each student in each group to discuss issues related to daily life problem
as a mathematical problem can train students' ability to create mathematical models of the problems that
confront. On a class of computer-assisted experiments, presentation of teaching materials that include a duty to
utilize MathXpert program can help students to examine the accuracy and relevance of mathematical models
they have acquired to the problems they are facing. Meanwhile, students in the control class have less
opportunity to practice making mathematical models needed to solve the problem because all of them are
presented by the teacher at the beginning of the concept being taught.

Selecting and implementing a strategy to solve mathematical problems and or outside of mathematics is one
more indicator of the ability of solving mathematical problems that are the focus to be improved in this study.
Serving experimental class teaching materials in the form of delivery problems containing linkages with other
mathematical concepts and the relation to others can provide wider opportunities for students to understand
mathematical concepts by making learning material connections in the context of other math concepts or other
subjects. It is thus not surprising that the application of problem-based learning makes students accustomed to
solve problems that arise in mathematics and other fields. Learning on the computer-assisted experiments class
are able to present a variety of alternative problem-solving strategies for program MathXpert provide a menu
that provides a complete selection of problem-solving strategies with explanations and rationale of each step is
selected. Meanwhile, students in the class have less control the opportunity to perform the above activities such
as learning characteristics can not facilitate the condition.

Explain or interpret the results as concerns the origin and verify the results or answers, is an indicator of other
mathematical problem-solving skills that are the focus to be improved in this study. In this connection, the
problem-based learning through problem solving by the teacher, students have ample opportunity to think, to
express an assortment of solutions or approaches to problem resolution, filed opinions or ideas, ask questions,
consider the completion of the other students, featuring ideas in solving the problem. In problem-based learning
students are conditioned to prepare or add details of an idea to counter criticism of other students. This is what
seems to make the students in the experimental class used to describe anything in detail, making connections,
and enrich and develop an idea to solve the problem. Various habits lead students to explain and interpret the
results as concerns the origin at the time of mathematical problem solving process. In the computer-assisted
classroom experiment, students attempt to interpret the results and check the correctness of the result or
response can be directed more accurately through the menu and look at the program MathXpert. Meanwhile,
students in the class that have less control opportunities as experienced by the students in the experimental

109



International Conference on Education in Mathematics, Science & Technology (ICEMST), April 23 - 26, 2015 Antalya, Turkey

class to do the explanation and interpretation, because the characteristics of conventional learning does not lead
to the ability of students to have a better ability to do the explanation and interpretation of results.

Applying mathematics is a significant indicator of the ability of solving mathematical problems which are also
the focus to be improved in this study. In this connection, the problem-based learning through solving everyday
problems set by the teacher, students are encouraged to be able to apply mathematical concepts that they have
based their understanding of the issues being addressed. With such a process, the significance becomes an
important thing to be a foundation for students to solve problems. Students in the class have less control the
opportunity to apply mathematics in meaningful because of the problems given in the learning process tends to
abstract and unrelated to everyday life.

Based on the result above, it is concluded that the cause of the increase in mathematical problem solving of
students in the experimental class better than students in the control class is differences used of learning
approach in the experimental class and control class. Similarly, the advantage of computer-assisted problem-
based learning compared to the problem-based learning without the help of computers in improving students'
mathematical problem solving skills more on the wider opportunities provided MathXpert program to provide
independence in doing the student worksheet. However, an increase in the better class of experimental than
control class does not mean that students in the experimental class has mastered well all the components of
mathematical problem solving skills.

If related to the theory of Action-Process-Object-Schema (APOS), this research has generally demonstrated a
model of learning activities that can be used effectively to stimulate reflective abstraction in students.
Reflective abstraction as a method of constructing knowledge on APOS theory and are expected to occur when
students are learning activities, students will be able to push the process of forming a new mental objects, new
processes and new schemes through the construction process in the form of generalizations, interiorization,
encapsulation, coordination and reversal.

Problem-based learning that is presented through an eight-step lesson has been able to push the mental action in
students. The whole lesson on problem-based learning to reflect the occurrence of mental action in students
although there is no doubt that they could not possibly know the whole picture of a person's mental activity.
Presentation of the problem at any given learning materials and require the student to realize that he found the
problem to be understood through the steps of defining the problem is the driving force for the occurrence of
mental action in students.

At the moment students are trying to gather the facts, make up provisional estimates, and investigate, they are
taking advantage of the scheme is a prerequisite that they have the APOS theory is the object that will be given
to action. Perfecting the problems that have been defined in a problem-based learning can be considered as
interiorisasi the object, in this case an existing scheme to be used as a new mental processes. This is reasonable
because when students are involved in this step, then they're responding to the situation by trying to construct
mental processes as a way of understanding the phenomena that have their perceptions.

Perfecting these problems can be seen as the construction of the student in the form of coordination and or
reversal. Students are conducting mental constructs such as coordination compose two or more mental
processes that have been generated by interiorisasi on previous activities. In the meantime, students can also be
said to be doing mental constructs shaped reversal when perfecting this issue takes the form of constructing a
new process using the inverse of the original.

When students do the step that concludes the alternatives solutions collaboratively, students might still doing
construction coordination and mental form reversal when they are still trying to find a new mental process. But
when the student has begun steps to convert a dynamic process resulting from interiorization, coordination and
reversal, into a static object, forming a new concept scheme in their mind, then the student has committed a
mental constructs shaped encapsulation.

The last step of the problem-based learning is a test solution to problems step. In this step the student can be
said to still be in the process of mental construction in the form of encapsulation or may have been in the form
of generalized mental construction. Testing solutions to problems will still shaped encapsulation when this step
is used as an attempt to strengthen students' beliefs about the mental processes they have to be subjected
construction resulting scheme. Testing solutions to problems step will be considered a mental construction of
the student in the form of generalizations when students step is used to apply a set of objects and the mental
processes by which has been owned and Dubinsky (2000) referred to as a schema.
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Related computer-assisted learning theory applied in this study are very supportive as well. This is consistent
with the role of the computer is capable of making abstract ideas can be implemented or appear to be
something concrete in mind, most do not even appear in the form of impressions (Dubinsky, E. Tall, D., 2002).
The ideas include mathematical concepts that will be constructed by a student tends to be more concrete for
them so much easier to understand. Even according to Dubinsky & Tall [8], construction not only computers
can only be used to show the processes represented by abstract ideas, but it also can be manipulated.
Furthermore, when the various constructions appeared on the computer, it would be useful to reflect on its
meaning in terms of how to make computers and any processes that may be involved. Thus, the computer was
able to make abstract ideas more concrete, especially for students who are constructing them.

When students encounter in constructing mental processes in themselves as a result of overly complex
problems they faced, there would be the possibility that the learning process will stop just on students or some
construction can not be implemented as changing mental processes into a new object (encapsulation). The role
of the teacher in this case the application of scaffolding techniques to students is very important in solving the
learning problem. This is in line with what is delivered by Hmelo-Silver, Duncan, & Chin (2007), states that
the use of scaffolding techniques to reduce cognitive load, providing expert guidance and help students gain
disciplinary ways of thinking and activity.

The description has been presented, the problem-based learning computer aided very appropriate to be used as
an alternative to appropriate learning in improving mathematical problem solving ability because of the
approach has been able to condition the reflective abstraction related to mental actions, process- mental
processes, mental objects and schemes in students. Computer assistance and scaffolding techniques can be
further stimulus for students to be in her mental action occurs after the hopes.

RECOMMENDATIONS

The mean score of students’ posttest mathematical problem solving in the computer assisted problem-based
learning class, namely 34,96 and the problem-based learning without computer assistance is 29.60 out of the
ideal score 68; and the mean score of students’ posttest mathematical communication in the computer assisted
problem-based learning class, namely 46.58 and the problem-based learning without computer assistance is
41.04 out of the ideal score 75 show that mathematical problem solving and mathematical communication
abilities are less than optimal. Although the implementation of this is done with the time for half the semester,
it seems that the time frame was too little compared to the custom of students over the years following the
conventional learning since they were sitting on a bench elementary school through high school class. This
leads to the difficulty of providing adjustments to the students. Adjustment is one of them is in their ability to
demonstrate higher-order thinking, because the problem-based learning students' willingness to do the work
that requires a high level of mathematical thinking skills are the main assets in constructing knowledge. This is
consistent with the character-based constructivist learning which requires the construction of knowledge by
students themselves.
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ABSTRACT: Teaching is an ability of complex recognition which is not inborn, but it is a process which can
be learned and improved during time. This is the reason why we always try to improve and develop our ability in
offering the best qualitative teaching methods to students in our universities.

The aim of this research is to analyze some different aspects of student’s preferences in learning mathematics,
especially to analyze the preferences concerning the teaching style used by the teacher in the classroom.

In this paper we show the results obtained from a survey realized during the fall semester of 2014 - 2015 with
students of two different faculties of the SEE-University, students from the Faculty of Contemporary Sciences
and Technologies and Faculty of Business Economics.

The results obtained by this survey show that the method favored by the students is the non-traditional one with
preference of 60.5%. In order to analyze student’s preferences over different teaching methods versus some
other factors, we have used cross tabulation. The results obtained in this paper show that the preferences of the
female students, students with the GPA now between 7 and 8, students with MATH score in last semester with 6
(Satisfactory) tend in preference towards non-traditional methods.

Taking into consideration the nature of the subject of mathematics, the obtained results suggest that the teacher
should increase his engagement in the subject using different practices and methods in the classroom in order to
enhance the interest of the students for the subject.

Key words: mathematics, learning preferences, traditional, nontraditional, cross tabulation
INTRODUCTION

The effort of increasing the quality of teaching is a continuous process. In this context, the teachers are aware of
the need to revise the teaching materials and methods in the subjects of the natural sciences. They are aware that
these changes should include a much stronger emphasize of the new methods for applying the natural sciences in
other fields, as well as the need for enrichment of the teaching methods.

It is a known fact that mathematics plays a crucial role in the establishment of a strong intellectual character. It
influences the private, civil, and social life of an individual. Nevertheless, both in the past and nowadays, a lot of
students are unsatisfied with the level of their knowledge of the subject. It becomes a barrier for achievement of
good results.

One of the basic things which can offer improvement in achieving better results is the creation of new
opportunities for learning. Students learn better if we offer them new space of learning. This can be done by
using new methods and techniques which will create a new space of concrete and real learning.

Another interesting fact that we want to emphasize is that the majority of teachers have the same style of
presentation during lectures. They almost never use different models of teaching or different materials in order
to connect the learning process with the field of interest of their students as well as their aims and requests.

Researchers have used different approaches in analyzing teaching methods used at Universities. They have noted
very positive results in the case of working with students in small groups, in the case when students cooperate
with each other and with their teachers, as well as in the case when students use internet for learning purposes.

In a study concerning the impact of different teaching methods for teaching mathematics done with students of
business economics in the SEE-University, lljazi and Alija (2010), have shown that the most acceptable method
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is working in small groups. The survey showed that when the above mentioned method was used, students
increased their success, improved their class attendance, and interactivity between students increased. Another
interesting impact of this method is that students worked more outside of the classroom. As a result of the
studies realized by McCarthy and Anderson (2000) and Hinde and Kovac (2001), one can conclude that the best
results during exams were achieved by students who used learning methods based on active cooperation between
students, compared with students from the classes taught with the traditional methods of lecturing.

Goe’s (2007) (2007) examination of teacher quality focuses on four categories of teacher quality indicators-
teacher qualifications, teacher characteristics, teacher practices, and teacher effectiveness-which.

Johnson and Johnson (1986) defend the idea that the so called ‘cooperative learning’ has a positive effect, not
just on the students performance, but it also affects positively the students motivation, socialization in the
classroom, their confidence that they can learn, and their attitude toward the subject in general.Concerning the
methods of learning via internet (known as online learning), Woo and Kimmick (2000) concluded that students
who use this method are more stimulated to learn. This happened even in the cases when there were no big
differences in learning methods.

In a study with the title “Traditional versus Non-Traditional Teaching”, realized by Johsnon and Dasgupta
(2005), one can find that the total percentage of students who prefer the non-traditional method versus the
traditional one (lecturing), is significantly bigger.

Many of the current researchers find that educators need to claim greater instructional responsibility (Hansson,
2010) and devise means to become more effective in teaching mathematical constructs in order for students to
truly develop conceptual mathematical knowledge (Desoete, Roeyers, & Buysse, 2001; Powell & Kalina, 2009).
As societal expectations of students™ mathematical knowledge evolve, so too should teaching strategies.

It is a known fact that the educational process is not static, but it is evolving through time. Especially nowadays,
it is a process in evolution and it is changed depending on the way how the students learn, how they accept the
information and in general, how they leave and work. It is the process in evaluation also because of the influence
of new technologies. This requires changes in the teaching methods, the offering of information, the content of
the course, the presentation of new ideas etc. These changes should be on the direction of refitting of the
teaching and learning process in most eligible way and style for the students. This is necessary for the students
in order to make them adaptable to the new trade markets in the future.

On the other hand, we must take care for the situations when students may become the victims of using the
different teaching methods. In such cases, the teacher must take into the consideration the students’ needs and
perspectives; otherwise all the given effort from the teacher would be purposeless. This is the reason of doing
this research, with which we want to have a clear image of the most preferable teaching method of our students.
Also we want to have the information of the most preferable factors concerning the teaching style used from the
teachers.

Students that enroll in the faculty of contemporary sciences and technologies (CST Faculty), and in the faculty
of business economics (BE Faculty) at the SEE-University in Tetovo, come from different high schools, and
consequently have different background knowledge in mathematics. By this research we wish to detect which
teaching methods are preferred by our students. This information is very important for the teachers in order to
improve their teaching methods and skills in future.

METHODS

In this study the population consists of students from CST faculty and BE faculty of the SEE-University. During
the fall semester of the academic year 2014-2015 we surveyed 124 randomly chosen students from second year.
The math class for these students was obligatory for that semester, but also they had another obligatory math
course in the previous semester.

The questionnaire consisted of questions concerning some important data about the students, as well as
questions concerning the teaching and learning methods used in the math class that the students took that
semester. The purpose of the survey was to detect which teaching method is preferred the most by our students.
Also we wanted to detect the method in which students prefer to receive information concerning materials,
content of the syllabus, the method of assignment etc.
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In order to get a clear illustration concerning the interpretation of the gathered data, making conclusions and
decisions, we have used the Statistical Analysis Software SPSS.

At the beginning we analyzed some elements from the descriptive statistics concerning some characteristics of
the students, and then we continued with an analysis concerning the most preferred teaching method depending
on some of these characteristics.

Since the obtained results show that part of the students prefer the traditional method of teaching and the
preferences of the other part tend toward the non-traditional methods, for analyzing the obtained data in this
research we have used Cross Tabulations. This is done with the purpose to get clearer picture for this issue. By
Cross tabulations we can detect the preferences of our students versus some other characteristics.

RESULTS AND DISCUSSION

From the processed data we can see that the gender distribution of the surveyed students is as follows: 61.29 %
of them are male and 38.71 % female. The GPA distribution of the students is as follows: at the time of the
survey 17.74% of the students had a GPA between 6 and 7, 28.23% of the surveyed students had a GPA
between 7 and 8, 29.84% between 8 and 9, and 24.19% had a GPA greater than 9. Concerning the grades
received in the math course which they took the previous semester the percentage distribution is as follows:
11.29% of the students failed the course (they received a grade 5), 25.81% of them received grade 6
(Satisfactory), 15.32% grade 7 (Good), 12.10% grade 8 (Very Good), 17.74% grade 9 (Excellent), and 17.74%
grade 10 (Outstanding).

Concerning the class attendance for the math course they took the previous semester we have the following
results: 62.10% of the students attended all lectures (they didn’t miss any lecture), 37.10% of the students
missed only a few hours, and 0.81% often missed lectures.

On the questionnaire there was a question whether the student generally seeks help from their instructor during
lectures; 85.48% of the students have answered that they have asked for help. On the other hand 14.52%
answered that they never asked for help.

Another interesting question on the questionnaire asked students to self-evaluate their skills in mathematics
using grades from 1-10. The average for this question was 7.48.

The obtained results are represented in table 1.

Table 1: Description of Sample

Characteristic Percent
Male 61.29
Gender
Female 38.71

Average Student Math Skill Rating: Scale: 1 to

10 (# of students) 7.48
Between 6 and 7 17.74
) Between 7 and 8 28.23

Success GPA until now: (# of students)
Between 8 and 9 29.84
Above 9 24.19
5 (Failing) 11.29
6 (Satisfactory) 25.81
MATH scores from the previous semester: (# 7 (Good) 15.32
of students) 8 (Very Good) 12.10
9 (Excellent) 17.74
10 (Outstanding) 17.74
Student generally seeks help from the Yes 85.48
instructors in classes taken: No 14.52
Attendance of students during the previous | have not missed any hour 62.10
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semester: (# of students) | was absent a few times 37.10
| was often absent 0.81
Total 100.00

Concerning the most preferred teaching method, the answers of the students are distributed as follows: 60.48%
of the students have answered that they prefer non-traditional methods. (The methods where students are divided
into small groups, methods that encourage students to participate in discussions, the method of distance learning
using IT technologies, learning based on using a special computer software etc.). On the other hand just 39.52%
of the students have answered that they prefer the traditional method of learning.

In order to get a detailed picture concerning students preferences over teaching methods in math classes versus
some other characteristics, we have used a Cross tabulation of these characteristics. The obtained results are
represented in table 2.

Table 2: Students Preferring Traditional And Non-Traditional Approaches By Some Characteristic

Tradition  Nontradition

al al Total

Gender Male 46.1% 53.9% 100.0%
Female 29.2% 70.8% 100.0%

Between 6 and 7 36.4% 63.6% 100.0%

GPA at present: (# of Between7and8 31.4% 68.6% 100.0%
students) Between 8 and 9 48.6% 51.4% 100.0%
Above 9 40.0% 60.0% 100.0%

5 (Failing) 35.7% 64.3% 100.0%

i 0, 0, 0,

MATH gae from e 7 (Gooan awoh sen 1000
g{j&’;g semester: (# Of g (very Good) 40.0% 60.0% 100.0%
9 (Excellent) 59.1% 40.9% 100.0%

10 (Outstanding) 36.4% 63.6% 100.0%

Attendance of students for | have not missed any hour 40.3% 59.7% 100.0%
the previous semester: (# of | was absent a few times 39.1% 60.9% 100.0%
students) I was often absent 50.0% 50.0% 100.0%
2 50.0% 50.0% 100.0%

4 16.7% 83.3% 100.0%

. 5 25.0% 75.0% 100.0%
AN
st denfs) ' 7 42.9% 57.1% 100.0%
8 44.8% 55.2% 100.0%

9 51.9% 48.1% 100.0%

10 33.3% 66.7% 100.0%

Student generally seeks help  Yes 43.4% 56.6% 100.0%
1;:22;% tt;((een:mstructors in No 16.7% 83.3% 100.0%
Total 39.5% 60.5% 100.0%

From the table given above one can see that the non-traditional method of teaching is preferred more by students
with the following characteristics: female students, students with a GPA between 7 and 8, students who have
received a satisfactory grade (grade 6) for the class they took the previous semester, students who have
evaluated their math skills with the grade 4, students who are not asking for help from the lecturer, students who
were absent during the math lectures only few times during the previous semester.

Concerning the students opinions about the importance of solving homework, taking quizzes, having lectures in
the computer labs and posting the lecture materials on LIBRI (Learning Management System, the online
software offered in the SEE-University), the percentage of confirmative answers are 87.10% , 77.42%, 60.48%,
and 98.39% respectively. Concerning students preferences over taking notes during class versus just listening to
the lecture, the preference for the former is 75%. Regarding the way of taking notes, students prefer the most to
take notes directly from the white board on which the teacher writes using a marker. The percentage of this
preference was 76.61%.

116



International Conference on Education in Mathematics, Science & Technology (ICEMST), April 23 - 26, 2015 Antalya, Turkey

Taking into the consideration the fact that nowadays using the internet has become an indispensable tool of
learning, and due to the fact that SEE University offers very good conditions for IT communication and IT
learning, we asked a question concerning this issue as well. The obtained answer was that 88.71% of surveyed
students use internet every day. Among different activities that they are performing via internet, 91.25% of the
students declared that they use internet for finding information and learning materials.

We want to emphasize an interesting fact, namely 79.03% of the students have the opinion that having a free
discussion during class which is not connected with the course topic, as well as having fun or hearing a joke
during a particular part of the lesson, has a positive effect on achieving the learning objectives. The obtained
results are given in table 3.

Table 3: Students Opinion Concerning Some Characteristics Of Learning Mathematics

Characteristic Percent

The opinion concerning the No 12.90

positive  effect of doing veg

homework 87.10

The opinion concerning the NO 22.58

positive effect of quizzes Yes 77.42

The opinion concerning the No 39.52

positive effect of having lessons  veg

in computer labs 60.48

The opinion concerning the No 1.61

positive effect of delivering vgg

materials in LIBRI 98.39

The opinion concerning the No 20.97

positive effect of discussion and  vgg

hearing a joke during the lessons 79.03
Every day 88.71
1 to 4 times during the week

Using internet ] ) g 8.06
1 to 3 times during the month 0.81
Rarely than once per month 1.61
Taking notes during lesson 75.00

. Having prepared notes at the beginning of the
The preferences of taking notes |asson. 10.48
during class . . .
g Having online prepared notes on internet 8.06

It’s not important 6.45
Writing on the white board by marker 76.61

The preferences concerning the US|.n.g slld.es prepa.red before the lesson 5.65

lecturing method used by the Writing with pencil on a S-BORD 3.23

lecturer A combination of above mentioned cases. Please
specify! 6.45
It’s not important for me. 8.06

Total 100.00

In order to check these characteristics depending on students who prefer the traditional methods versus students
who prefer the non-traditional methods, cross tabulation analysis gives detailed results shown in table 4.

Table 4: Students Preferring Traditional And Non-Traditional Approaches By Some Characteristic

TEACHSTYLE
Traditi  Nontraditio Total
onal nal
The opinion concerning the No 31.295 68.75 100.00
positive effect of doing home v
work 40.74 59.26 100.00
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The opinion concerning the NO 35.71 64.29 100.00
positive effect of quizzes Yes 40.63 59.38 100.00
The opinion concerning the No 28.57 71.43 100.00
positive effect of having lessons yqg
in computer labs 46.67 53.33 100.00
The opinion concerning the No 100.00 0.00 100.00
positive effect of delivering vygg
materials in LIBRI 38.52 61.48 100.00
The opinion concerning the No 30.77 69.23 100.00
positive effect of discussions and  ygg
hearing a joke during class 41.84 58.16 100.00
Every day 37.27 62.73 100.00
o 1 to 4 times during the week 50.00 50.00 100.00
Using internet . .
1 to 3 times during the month 100.00 0.00 100.00
Rarely than once per month 100.00 0.00 100.00
Taking notes during the lessons 37.63 62.37 100.00
Having prepared notes at the beginnin
The preferences of taking notes ¢ the gllegsoﬁ. anning 3846 61.54 100.00
during class
g Having notes on internet 50.00 50.00 100.00
It’s not important 5000 5000 10000
Writing on the white board with marker ~ 38.95 61.05 100.00
. Using prepared slides before the lesson ~ 42.86 57.14 100.00
The preferences concerning the O ) )
lecturing method applied from the ~Writing with pencil on the S-BORD 42.00 58.00 100.00
lecturer A combination of above mentioned 25 00 7500 100.00
cases. Please specify!
It’s not important for me. 70.00 30.00 100.00
Total 39.52 60.48 100.00

From the table, one can see that the non-traditional method is preferred more by students who have declared that
doing homework, having quizzes, having lessons in computer labs and hearing jokes during class has no
positive effect for learning.

CONCLUSIONS AND RECOMMENDATIONS

Using the results of this research one can create a clearer and more detailed picture concerning students’
perspectives on math courses. So, the information about the student’s perspectives concerning the most preferred
style of teaching has the aim to improve the learning process and the achievement of better results.

From the research one can see that a bigger percentage of students (60.48%) prefer the non-traditional method
versus the traditional one. Another conclusion is that the female students, students with a GPA between 7 and 8,
students with grade 6 (Satisfactory) for the math course they took the previous semester, students who have
evaluated their math skills with the grade 4, students who do not seek help from the teacher, students who have
missed class few times during the last semester prefer the non-traditional method compared with their
counterparts who have different preferences.

On the other hand, one can see that students who have answered that solving homework, doing quizzes, having
lectures in the computer labs and having free discussion or hearing jokes during class are not very useful for
achieving the learning objectives, prefer non-traditional teaching versus the traditional method compared with
their counterparts who have different preferences.

75% of students prefer taking notes during class compared with the traditional way of listening. The bigger
percentage of them prefers the non-traditional method versus the traditional one. Even more, 76.61% of students
prefer to attend lessons where teachers write notes on the white board compared with other forms. The bigger
percentage of these students prefers more the non-traditional method.
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However, from the obtained data one can see that there are a considerable percentage of students, whose
preference tends toward the traditional method. This percentage is 39.52%. Therefore, taking into consideration
the nature of the subject, the teacher should have bigger engagement in achieving the learning objectives using
different practices and methods. This is very important in order to have a positive influence on the students and
make mathematics more attractive for them.

The basic purpose of the lecturers (teachers), Universities and society in general, is the enhancement of students
learning. We hope that the results from the study shown in this research will help in the direction of
enhancement of the quality of education of new generations.

The enhancement of the quality of students learning is the final purpose. So, we hope that the results of this
research are an important step into the right direction.
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ABSTRACT: This paper presents part of a study that aimed to understand how the emergence of algebraic
thinking takes place in a group of four-year-old children, as well as its relationship to the exploration of
children’s literature. To further deepen and guide this study the following research questions were formulated:
(1) How can children's literature help preschoolers identify patterns?; (2) What strategies and thinking processes
do children use to create, analyze and generalize repeating and growing patterns?; (3) What strategies do
children use to identify the unit of repeat of a pattern? and (4) What factors influence the identification of
patterns? The paper focuses only on the strategies and thinking processes that children use to create, analyze and
generalize repeating patterns. The present study was developed with a group of 14 preschoolers in a private
school in Lisbon, and it was carried out with all children. In order to develop the research, a qualitative research
methodology under the interpretive paradigm was chosen, emphasizing meanings and processes. The researcher
took the dual role of teacher-researcher, conducting the study with her own group and in her own natural
environment. Participant observation and document analysis (audio and video recordings, photos and children
productions) were used as data collection methods. Data collection took place from October 2013 to April 2014.
The results of the study indicate that children master the concept of repeating patterns, and they are able to
identify the unit of repeat, create and analyze various repeating patterns, evolving from simpler to more complex
forms.

Key words: children’s literature; repeating patterns; algebraic thinking in four-year-old children.
INTRODUCTION

Mathematics is part of our life and we use it to solve different problems on a daily base. Children are no
exception and they use it intuitively when they play and when they need to solve problems. Considering the
children’s ability to interpret stories and the association that literature makes with real life as well as our
imaginary world, we think that the understanding of several basic mathematical concepts can be developed from
certain children's books, recognizing the potential of children's literature in learning mathematics (Loureiro,
2006; Smole, Rocha, Candido, & Stancanelli, 2007). When performing connections between children's literature
and mathematics, children are encouraged to make use of mathematical ideas they already know and to extend
mathematical concepts, bringing out new content.

The algebraic thinking, in particular, can be developed within the context of children’s literature, considering
both illustration and text. Several researchers reported the importance of early development of algebraic thinking
(Garrick, Threlfall, & Orton, 1999; Threlfall, 1999) beginning by the study of patterns right from kindergarten
(Threlfall, 1999; Borralho, Cabrita, Palhares, & Vale, 2007). Threlfall (1999) reinforces the idea that repeating
patterns prepare children for future algebra learning and offer a vehicle for learning to interpret symbols.
Working with repeating patterns in preschool encourages logical thinking development and helps to develop the
generalization of rules about the patterns made.

This paper presents part of a study (Serra, 2014) that aimed to understand how the emergence of algebraic
thinking takes place in a group of children aged 3,5 to 4,5 years, as well as its relationship with the exploration
of children’s literature. To further deepen and guide this study the following research questions were formulated:
(1) How can children's literature help preschoolers identify patterns?; (2) What strategies and thinking processes
do children use to create, analyze and generalize repeating and growing patterns?; (3) What strategies do
children use to identify the unit of repeat of a pattern? and (4) What factors influence the identification of
patterns? This paper focuses only on the repeating patterns of the 2™ and 3 questions. The present study was
developed with a group of 14 preschoolers in a private school in Lisbon and it was carried out with all the
children.
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THEORETICAL FRAMEWORK
Algebraic Thinking

The word algebra may be regarded by the common people as associated with formulas and equations, letters and
symbols that are manipulated and worked only at high levels of education (Suh, 2007), leading teachers
themselves into thinking that algebraic thinking should not be promoted soon. Moreover today, algebra is seen,
more broadly, as a generalizing and human activity. According to Kaput (2008), there are two essential aspects
of algebraic thinking: (a) the generalization and formalization of patterns, and (b) symbolic manipulation.

Blanton and Kaput (2011) define algebraic reasoning as a generalizing activity of mathematical ideas, defending
its development in elementary levels, and they refer to this activity as early algebra. This is a kind of activity
that prepares children for developing structures and mathematical generalization modes. As referred by
Carraher, Schliemann, & Schwartz (2008), early algebra is not the same as algebra early. Early algebra is sought
to develop algebraic thinking in a way that includes an understanding of mathematical structures represented by
the language and the gestures, using concrete materials and representations, and in this sense, it does not mean
beginning algebra’s study earlier than usual (Warren & Cooper, 2008). Children today need to learn a
significantly different mathematics than the one their parents learned, using for this significant experiences that
lead them to recognize and develop structures and mathematical relationships, using objects for mathematical
reasoning (Blanton & Kaput, 2011). This will be the path for young children to become mathematically
successful later on (Blanton & Kaput, 2011). Moreover current research has shown that young children can
generalize mathematical ideas much earlier than previously supposed (Mulligan, 2013).

Patterning at the Preschool Level

Borralho et al. (2007) assert that the learning of patterns in preschool assist the development of logical thinking,
being a way to explore other mathematical content and to create a foundation for the future learning of algebra.
Papic, Mulligan and Mitchelmore (2011) consider repeating patterns, which have a cyclic structure that is being
repeated, suitable for work in preschool. Thus, there are many children who would spontaneously create simple
repeating patterns using different classroom materials, such as bead necklaces and other manipulatives, or
representing them in the drawings and clothing decorations (Threlfall, 1999). So it is important to have materials
available to children as diverse as shapes, stones, shells, bears or other objects. It is also fundamental to make
children use sounds, with the body or with musical instruments, movements, and iconic and symbolic
representations (colored dots, letters, numbers) to help them to generate and generalize repeating patterns
(Palhares & Mamede, 2002; Threlfall, 1999). As referred by Vale et al. (2011), it is important to encourage
children to see patterns using different materials, modes (colors, shapes, gestures, words) or symbols (letters or
numbers) in order to identify that the structure of a pattern does not depend on the material used. Palhares and
Mamede (2002) propose the exploitation of different representations of the same pattern, so that children can
generalize and identify patterns in other contexts.

Palhares and Mamede (2002) report that different pattern types can be exploited in preschool and, based on the
articulation of their differences and similarities, clustered as follows: (a) with an alternative component, which
may be unique (the AB type); (b) with an arithmetic progression component (the ABAABAAABAAAAB type);
(c) with a symmetric component (the ABABBABA type); and (d) by adding a second dimension (ABABAB
BABABA
ABABAB).

In curricular terms, patterns assume a higher standard as a unifying theme or as a supporter for meaningful
learning (Borralho et al., 2007; Vale et al., 2011). According to NCTM (2000/2007), the patterns are the
foundation of algebraic thinking and working with patterns invites students to identify relationships and to make
generalizations. This document also proposes the inclusion of exploratory activities that make use of diverse
materials, encouraging the ability to continue patterns and cope with different properties of algebraic relations.

Mathematics has been an important subject area within the Portuguese curricula for preschool education. The
Portuguese Curriculum Guidelines for Pre-School Education (PCGPE) (DEB, 1997), in the mathematics
domain, propose the use of repeating patterns, giving as an example the days of the week, or growing patterns,
namely the sequence of natural numbers. These activities aim to develop the logical reasoning in tasks in which
children discern the underlying rule of a given pattern or create their own patterns. Also, in musical domain,
PCGPE refers to the construction and the discovery of musical or rhythmic patterns (DEB, 1997). In the area of
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language, we can find patterns in rhymes or stories that have linguistic rhythms, which can be transformed into
mathematical sequences.

Research on Repeating Patterns in Early Years Classrooms

According to Threlfall (1999), several empirical studies undertaken with preschoolers suggest two independent
strands to development in repeating patterns: their complexity and the way children see them. Concerning the
first strand, the author states that the AB pattern (the simplest alternating elements type) is more common among
younger children than the ones with more complex elements or with more than one attribute (color and size and
shape, for instance, instead of just color). In the second strand, the author emphasizes the importance of
children’s awareness that a pattern is a whole being related to a unit of repeat. The identification of the unit of
repeat can occur in two ways: by a chant that emphasizes the unit of repeat by the rhythm used (eg: red blue
blue, red blue blue) or by an explicit reference to the unit of repeat (eg: one red and two blues). Threlfall (1999)
stresses the higher level of awareness present in this last way of describing the pattern. The level of awareness of
the unit of repeat has implications for generalization (Vale et al., 2011) and mathematical understanding
(Threlfall, 1999).

Rustigian (cited by Threlfall, 1999) observed how 3- to 5- year old children explore repeating patterns and
concluded that finding a physical movement (enactive mode) when dealing with a pattern representation was
easier than finding a pictorial representation (iconic mode), and that shape attribute was easier than color
attribute. This author further identified a progression in children’s procedures when asked to extend a given
pattern. The responses were ordered by a hierarchy of response: (a) random selection of new elements, without
reference to prior elements; (b) repeating the last element (perseverance); (c) use of the previous elements but in
any order; (d) a symmetrical approach however the given sequence is inversely reproduced; and (e) a deliberate
continuation of the pattern, looking at the start in order to check the elements to be put (Threlfall, 1999). In
research undertaken by Palhares (cited by Palhares & Mamede, 2002) with 4- to 6- year old children, when
working with the AB repeating patterns within the color attribute, the children were able to continue the given
model and identify that the same pattern existed in objects around the room but found it difficult to make other
types of patterns using the same material. Recently, Papic et al. (2011) conducted a study with 53 preschool
children aged 3 years 9 months to 5 years old, implementing a 6-month intervention in only one group, focused
on repeating patterns. They concluded that children intervened showed great understanding of the unit of repeat
and the structure of a pattern. These authors identified five strategies that children use when they work with
repeating patterns, increasing the order of sophistication: (a) random arrangement (the elements are placed
randomly without any care about their place and orientation); (b) direct comparison (when copying a pattern,
children make a one to one correspondence, matching item by item); (c) alternation (children focus on
independent successive items independently of the unit of repeat; for example, green, then blue, then green; and
not on the unit of repeat, e.g., green-blue); (d) basic unit of repeat (children identify the unit of repeat, regardless
of the number, type and complexity of elements and attributes, and use it to extend the pattern); and (e)
advanced unit of repeat (as the children develop their sense of the unit of repeat, they can transfer the same
pattern in different modes or materials, reconstructing it in more creative ways).

The study undertaken by Garrick et al. (1999) points to the ease of children to identify patterns of their own
creation contrasting with the difficulties in the recognition of patterns created by others. According to Vale et al.
(2011), most preschoolers when creating repeating patterns, create n(A) m(B) y(C) patterns where n, m and y,
may range from 0 to 3. In repeating patterns with the color attribute, these authors observed some children who
invent additional spaces or in the last space overlap the colors needed to complete the unit of repeat. Relatively
to the two-dimensional patterns, they refer that children tend to not respect the regularity in column.

The generalization occurs when children can determine that the pattern has a unit of repeat that is repeated
cyclically, and using different materials or forms, they are able to recognize the structure pattern (Papic et al.,
2011). Indeed, it is the awareness of the structure pattern that allows them to generalize. Mulligan (2013) reports
studies with 4- to 8- year old students that show that the awareness of mathematical pattern and structure is a
critical aspect, and simultaneously a fundamental one, to their mathematical development. According to the
author, it is important to implement a pedagogical approach to promote the pattern awareness since this
awareness is correlated with mathematical understanding. With appropriate designed and implemented learning
experiences, young children are able to develop forms of reasoning involving the process of generalizing (Papic
etal., 2011).
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METHODOLOGY

A qualitative research methodology under the interpretive paradigm was chosen, emphasizing meanings and
processes (Bogdan & Biklen, 1994). The researcher, second author of this paper, took on the dual role of
teacher-researcher, conducting the study with her own group and in her own natural environment. The
participant children were 14 preschoolers aged 3 years 6 months to 4 years 6 months, at the beginning of data
collection, in a private school in Lisbon. The group was active, curious and interested in mathematics, which is
one of the most sought after areas in the class. To make the data collection permission was sought from both the
School Director and the parents of the participant group children. Taking into account some ethical issues
(Bogdan & Biklen, 1994), fictitious names are being used. We present the ages of the children referred in this
paper in table 1:

Table 1. Children Names and Ages

Fictitious names Ages (years; months)
Antonio 4:4
Dinis 3;11
David 4
Frederico 3;10
Fernando 4,6
Guilherme 4;2
Joaquim 4.2
Jacinto 4;5
Luisa 4:3
Mario 4.6
Matilde 4;3
Tatiana 3;6

Participant observation and document analysis (audio and video recordings, images and documents produced by
the children) were used as data collection methods. All the children’s drawings representations (when produced)
and their recorded explanations supplemented the video recordings as well as field notes and photographs. The
group was accustomed to the teacher making digital recordings and taking photos of classroom activities.

Data collection took place from October 2013 to April 2014 and were proposed eleven tasks based on two
children’s literature books and lasted about 30 minutes each. In this paper we will address only some tasks that
are presented in table 2. Their numeration corresponds to the order they were implemented.

Table 2. Books, Tasks, and Descriptors
Tasks Descriptors
Create repeating patterns coloring on paper the caterpillar's body

o))
o
o
=

1% task . e °

Coloring the caterpillar with a limit of 20 rings.

2" task Read orally the created repeating pattern.
Reading the caterpillars

patterns

37 task Use gestures to represent the created pattern.

Reading the caterpillar
pattern by gestures

The very hungry caterpillar

3

O 4™ task Create repeating patterns using gestures.

L% Creating patterns using Color in an orange sequence the gesture pattern from memory.
gestures

Copy and continue AB, ABC, ABB, AABB and ABBB patterns
using a single attribute (shape).

th

g Faikt. Flv Fosca’ Read orally the repeating patterns.
8 Hg;zea mg bly rosca s Identify the unit of repeat.
g Identify the pattern type.
]
b Copy and continue AB, ABB, ABC and ABCD patterns using
; o 7 task two attributes (color and shape).
3 2 Decorating Flv Fosca' Read orally the repeating patterns.
2= Hgijzeawlir;ﬁ ca)r: dig;w § Identify the unit of repeat.
E E Identify the pattern type.

The analytical categories related to this paper were the following: the creation, reading, copying and extending
repeating patterns, the identification of the unit of repeat and the generalization process.
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RESULTS
Creating Patterns

In the first task, Coloring the caterpillar, children were asked to color on paper a caterpillar's body with a limit
of 20 rings, choosing the colors they wanted in order to create a pattern. Children started coloring right to left,
from head to tail. The way of coloring was spontaneous and not suggested by the teacher. Some children
claimed they could color the caterpillar with the same colors that they used to make necklaces -- a task
performed on another day.

Fernando - | already know my pattern. | will do the same as | did.
David- I'm going too do it too.
Guilherme —I'1l do, yellow orange, yellow orange, yellow orange ...

(.)

Fernando - One red and two blues.

Several children referred to what colors they were going to use before starting to color, identifying at the same
time the number of pens that they were going to need. During this task, the teacher questioned children trying to
mobilize their informal ideas about patterns but also to see if they could identify what was being repeated and
similarities and differences between the patterns that were being created.

Guilherme — I’ll do, orange, yellow.

Teacher - You'll need how many pens?

Guilherme - Two.

(..)

Teacher - And Joaquim? How many colors will you use? (Joaquim shows 3 fingers). Three colors?
Good!

(...)

Mario - Me! I'm doing with two colors, red and blue. It is red, blue blue, red blue blue. (Reading his
pattern as far as he had already colored).

The colored caterpillars were of three different patterns (figure 1):

i L
Figure 1. AB, ABC and ABB Patterns

So the strategy that some children used was previously thinking about the colors they were going to use,
simplifying the creation of a pattern. Two of the children, Joaquim and Guilherme, put the necessary pens to
color the caterpillar near the drawings, removing them from the box, already showing some sense of the unit of
repeat. The way Fernando verbalized the pattern created earlier in beaded necklaces and now replicated in the
task of coloring the caterpillar -- "One red and two blue" -- indicates a higher level of understanding of the unit
of repeat, as he referred to it explicitly (Threlfall, 1999). Children were able to relate the various types of pattern
with two colors (AB or ABB) or with 3 colors (ABC).

Children, who did not put their pens outside of the box, used the strategy of looking back to the beginning of the
caterpillar to check the correct order of the colors. Dinis (figure 2) used a symmetrical approach. He started by
using the sequence of colors of purple, red and blue and at the 10" ring, he reversed the sequence of colors,
placing purple, blue and red. Probably Dinis looked at what he had already colored, from left to right, reversing
the sequence and did not look at the beginning of the caterpillar, from the head to its end.
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o ° * s
Figure 2. Dinis's Caterpillar

Antonio tried to create a pattern using all the pens in the box, but he was not able to make a repetition (figure 3).
Anténio used the strategy of arranging a wide variety of colors, without repeating any color (the first nine rings
of the caterpillar), and from the repetition of gray appears to have arranged them randomly. He was the only
child that failed to make a sequence with repeated motifs.

® )
J
A

Figure 3. Antonio's Caterpillar

The other children claimed that it was not a pattern, but could not explain why not; the most used argument was
that "it has many colors and you can not make a pattern with lots of colors". The caterpillar colored by Antonio
was looked at as a counterexample of pattern. The children identified the initial difficulties of Antonio and tried
not to make the same mistake.

The given caterpillar had 20 spaces to color. In the AB patterns, children ended them using the last element of
the unit of repeat, since 20 is a multiple of 2. In the ABC or ABB patterns, it did not occur, but the majority of
children did not experience any difficulty completing the caterpillar with the last color that followed in
sequence, making no reference that it had to end using the last element of the unit of repeat, unlike the children
observed by Vale et al. (2011). Nevertheless, Mario ended his caterpillar with a entire unit of repeat, coloring
just one blue ring, after the red one in the 16™ position (figure 4).

Figure 4. Mirio's Caterpillar
Reading Patterns

During the first moment of the Coloring the caterpillar task, three children started a dialogue about the
similarities of their patterns, all ABB patterns, and with the same sequence of colors in the unit of repeat- red,
blue, blue. The way two of them read their pattern led to a discussion where they concluded that what they had
done was the same pattern, although they read it differently:

Mario - Me! I'm doing with two colors, red and blue. It is red, blue blue, red blue blue...

Fernando - Mine is the same as my pattern (...) because look, red, two blues, red, two blues.
David - Mine is red blue blue, red blue blue.
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Teacher - David says, red blue blue, Fernando says red two blues, red two blues. Are your patterns the
same?

Fernando- No.

David- Yes.

Mario - Yes, because it’s red, blue blue, red, blue blue.

Teacher - So let's see. You were saying one red two blues, one red two blues, David was saying red
blue blue. Is it the same?

Fernando — It is. Because look, | have a red and two blues and David has a red and two blues.

Teacher- Ah! He also has two blues. I thought it was not the same because he was saying, red blue blue,
but it is! You're right. It's another way of saying it. Is yours equal to them or not, Mario?

Mario — It is.

Teacher - Equal to whom? To the one David did or to the one Fernando did?

Mario - (pause before answering) Equal to both of them.

When children were asked to read each other their created patterns, it was identified children's use of a rhythmic
chant that emphasizes the unit of repeat by the intonation they used. Also some gestures or hand movements
were used, allowing the children to identify the correct sequence of colors and even some mistakes made. In the
case of Dinis's caterpillar (figure 2), Mario made the following remark:

Mario — Ah....you’ve done it differently! (making hands gestures). It’s purple, red blue purple, red,
blue ...and in the end it’s....after purple it’s blue, it looks different ( using a rhythmic chant when he
speaks)

Teacher — Is it different? How do you think it’s different?

Mario — Because it has purple with red next to the blue, then the blue changed next to the purple, then
the red changed next to the blue (he explains using his fingers hopping three)

Teacher — Can you come here and explain to the teacher what you are saying?

Mario — Because Dinis placed purple here then here he broke it up and placed purple, blue and red.

Frederico suggested a way for Dinis not make any more mistakes and wrote it on a sheet:

Frederico - Oh I know! We do some squares for to not make a mistake.

Mario - | know. We can make a pattern so that Dinis doesn't make a mistake , we put the sheet in front
of him and he will know.

Frederico - I'll take the pens that he used. Red, purple, blue.

Figure 5. Control Pattern Registers Made by Frederico (A) and by David (B)

Frederico also took from the box a green pen and used it to draw a closed line within he made colored “squares”,
according to the unit of repeat used by Dinis: purple, red and blue (A, figure 5). David suggested another way
and drew a green "circle” surrounded by other circular lines of identical colors of Dinis's caterpillar:

David - A large green circle ... blue, brown ...

Antonio - Purple, it’s purple, the caterpillar begins here!

David - | can do around, the first is a turn, now the other ...

Luisa - There are many turns!

Antonio - First was it green?

David — Because... it was ... it was a circle that was holding the colors, then Dinis came here to see
what the first color was. It was this, then this, then this.

Frederico’s drawing shows that he identified the unit of repeat independently on the number of items (Papic et

al., 2011). It was the first time that an iconic record of the unit of repeat appeared. This drawing was as a way for
children to have greater control over the pattern correction during the process of creation.
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Children also identified the correct sequence of colors.

Teacher - Were you never wrong? (Tatiana shakes her head) How do you know that you were ever
wrong?
David - Because she says brown and blue, brown and blue, brown and blue (using a rhythmic chant).

In this case, David realizes that no error occurred by the tone that Tatiana read her caterpillar, emphasizing the
unit of repeat. The children were able to analyze their own patterns as well the patterns created by their friends.

Transferring Iconic Patterns to Gesture Patterns

In the 3" task, Reading the caterpillar pattern by gestures, each child was asked to reproduce his own caterpillar
pattern with gestures, touching any part of the body, and teaching it to the group, who also reproduced it using
the same gestures. All the children reproduced with gestures the patterns previously made in caterpillars,
identifying easily the equivalence between gestures and colors. While touching the various parts of the body,
these were verbalized:

Duarte - Head feet feet, head feet feet, head feet feet.

Teacher - What is the color of the head? (...)

David - Red.

Teacher - And when do you touch your feet, what is the color that you're saying?
David - Blue.

Teacher - And why did you touch your feet twice?

David - Because there are two blues.

The teacher reinforced the idea of repetition and that it was only necessary to make a "unit" of gestures to teach
the pattern to friends, and not the complete represented pattern. The teacher also stressed that if they continued
to make gestures, they could go on indefinitely.

Teacher - If the teacher does not say stop, you could stay here repeating, repeating ... (...) The night
would come and we would be here repeating the pattern.

()

Teacher - So if you want to teach your pattern to children you just have to teach ...

David - Head feet feet!

Teacher - And from there they will repeat. Is that it?

David - Itis.

Children that followed just mentioned, with gestures and orally, their unit of repeat and the group repeated it to
reproduce the pattern.

Teacher - Again ... you just figured it out! Jacinto said nose, feet, and everyone began to repeat. So
now... Tatiana, what gestures do you need to repeat to do your caterpillar?
Tatiana - Mouth eyebrow (just saying the unit of repeat).

In this task, children used an advanced unit of repeat strategy, since they transferred the same pattern in different
modes, reconstructing it in more creative ways (Papic et al., 2011). There is also evidence of awareness of the
unit of repeat when they were able to teach to their friends just the unit and use it to continue the pattern.

Transferring Gesture Patterns to Iconic Patterns

All children, in large group, created without difficulty, gesture patterns, verbalizing the body parts they touched.
They used the process described above. They taught the group just the unit of repeat that was used by everyone
to continue the pattern. They did it one at a time, knowing that everyone should memorize their own created
pattern to reproduce it pictorially later on. The first to create a pattern had a more difficult task than the last one
as the time distance to the realization of this reproduction was higher.

After the creation of gesture patterns, each one went to their desk to color the sequence of oranges using colors
to reproduce the same pattern. They adopted the orientation from left to right to color the oranges. The patterns
evolved to a more complex form, being documented, in the sequences of oranges, different complex patterns:
AB (4), ABC (4), ABB (1) ABCDE (2) ABBCD (1), ABCC (1).
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They could associate a gesture to a color. Almost all remembered the gesture pattern created and eight children
matched exactly the gesture pattern to the oranges pattern, showing the use of an advanced unit of repeat
strategy (Papic et al., 2011). Five of the children colored patterns in the sequence of oranges, but without
corresponding accurately to the gesture pattern invented before. Mario stated "eyes nose mouth nose feet
shoulder” (ABCBDE) but he colored a figurative ABBCD pattern, both complex. Fernando was able to match
his gesture pattern "head feet arm hand belly" to the figurative pattern ABCDE (figure 6).

Faz estos os sons de modo & que fages um padrdo.
Podes esoalher os qua quisares.

) pinta ax frutas de acord con o padra sonors que fisste.

Figure 6. The Patters of Mario and Fernando Respectively

Antonio created a gesture pattern "eyes mouth ears feet”, mentioning that he will require four colors. However
when he colored he did an ABCDE pattern (figure 7), having used five colors. Although he did not fully achieve
matching the gesture pattern to the pictorial one, there is a great evolution since the first task, in which he was
not able to create a repeating pattern. In this task, Antdonio maintained his preference of using a large number of
colors manifested in the first task of coloring the caterpillar, and he already managed to color a pattern without
any mistakes.

Figure 7. Antonio's Orange Pattern

After the initial choice of pens, eight children chose to position the pens outside the box showing to identify the
unit of repeat, as they selected and put together all colors necessary for making the unit of repeat, focusing
exclusively on the color sequence. Children who did not take their pens outside of the box, again used the
strategy of looking at the beginning of the pattern to check the correct order to place the colors.

Coding Patterns

The teacher began to encourage children to identify the structure of a pattern, first through the use of numbers
("If your pattern were numbers, how would you read it?", and Matilde answered to an ABC pattern, "1 ... 2 ... .3,
12 3,12 3"). After this codification, the teacher fostered the use of letters in order to not confuse with the
number of times an item could be repeated in the unit of repeat of a given pattern representation, as might be the
case of the use of humbers.

The use of letters to recognize the structure of the patterns allows children to realize that their patterns are
similar regardless of the colors used, as we can see in the following excerpt:

Teacher - But they are different colors ... Why are they equal?
Fernando - Because they are ABABAB.

David- ABABABAB.

Teacher - Ah, because they are all AB, although not of the same color.
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The need to assign a name to the unit of repeat arose spontaneously in a situation where the children were asked
to make necklaces with color beads and yarn. The children were asked to identify and draw the findings on a big
wall paper (figure 8).

Figure 8. Registration and Collage of Patterns and Codes

Dinis represented the sequence of colors and identified the unit of repeat, representing it in a designated box,
describing it by code, because his older brother played computer games that had codes. Dinis explained: "It's so
we don’t deceive ourselves. We look at the code". From this moment on, all the children referred to the unit of
repeat as the code.

Copying and Continuing Patterns

In the task Decorating Fly Fosca’s House, the children were asked to decorate the house for the party that Fosca
Fly would give, using patterns. Children were to copy and continue repeating patterns presented in strips with
patterns of various types: AB, ABC, ABB, AABB and ABBB. Each strip contained two units of repeat. Each
child had a set of cards with different shapes but with the same color (yellow, red, green, orange or blue) to
make the pattern represented in the strip. The strips varied in shape or position attributes.

Figure 8. Material Used to Perform the Task

For the AB patterns, most children had no difficulty in copying and continuing the patterns shown and did so
reproducing the pattern that was presented to them, using linearly the colored cards intended for each one.
However a child, Dinis, used a two-dimensional disposition (figure 9). Dinis seems to ignore the formation law
of a two-dimensional pattern, not respecting the regularity in column, since attended the alternation only on row
(Vale et al., 2011). Thus, Dinis copied the strip composed of two units of repeat and repeated it twice by
duplicating the unit of repeat below.

Figure 9. Dinis's Two-dimensional Disposition
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The patterns continued by the children had three to six units of repeat. Most children ended their pattern, using
the last element of the unit of repeat. But some children did not seem to assign this special importance, as was
the case of Fernando (figure 10) who ended his AB pattern using the first item of the unit of repeat.

iy
e
2

=/,

Figure 10. Fernando's Pattern
The code facilitated structure patterns awareness by the children:

Teacher - What is your pattern code Anténio?
Antonio — Circle rectangle.
(..)
Teacher - What is your code? That name that Dinis invented? (Luisa shows with her hands the unit of
repeat and separate it from the rest of the pattern)
Luisa - ABABAB.
(..)
Teacher - What is the bit that is repeated which is always equal?
Tatiana - (with two fingers points to the unit of repeat) One two three (counting the unit of repeat
repetitions).

| 3

Figure 11. Luisa Identifying the Unit of Repeat and Tatiana Identifying and bounting the Units of Repeat
Respectively

While Antonio just verbalized the unit of repeat ("Circle rectangle "), Luisa read all the elements that she had
built, representing them by the letters AB. Luisa used hand movements to help her separate the unit of repeat
revealing an awareness of it. Like Tatiana, a large number of children could count the number of times that the
unit of repeat repeats.

For the other type of patterns, the majority of children was able to copy and continue the patterns shown. Some

children made them separating the respective unit of repeat. While Antonio put the unit of repeat on the left,
Guilherme and Joaquim put it over the pattern (figure 12).

130



International Conference on Education in Mathematics, Science & Technology (ICEMST), April 23 - 26, 2015 Antalya, Turkey

Figure 12. Isolating the Unit of Repeat in the Patterns Made by Anténio, Guilherme and Joaquim

With these types of patterns, the teacher tried to understand if they could identify how often the different
elements were repeated in a specific pattern, bearing in mind the unit of repeat. Concerning the circle triangle,
square pattern, see the following excerpt which illustrates their thinking:

Teacher - And how many squares?

Matilde - (counting) One, two, three.

Teacher - And how many triangles?

Matilde - (counting) One, two, three.

David - One, two, three.

Teacher - And if you repeat your code 10 times, how many circles would you put? (pause) Don’t you
know? (Matilde shakes her head)

Fernando - Can I?

David - Can I?

Teacher - And you how often did you repeat the code?

David - (with fingers) One ... two ... three ... (he gets a square because his pattern ended with a
triangle)

Teacher - So how many circles did you place in your pattern?

David - (counting)) One, two, three. Three.

Teacher - And how many triangles?

David - Three.

Teacher - And how many squares?

David - Three.

Teacher - And if you did the code five times how many circles would you place?

David - Five (showing fingers)

Fernando - | repeated six.

Teacher - (to Matilde) If you did your code six times how many circles would you place?

Matilde - Six.

Teacher - And if you repeat your code four times how many circles would you place?

David - Ahm ...... four!

Teacher - Four. Why?

Mario - So it is easier to make the numbers (shows his pattern which has three units of repeat).

Teacher - But why? Do you see something funny between the number of times we repeat the code and
the number of shapes that we have?

David - I think it’s funny because so we repeat, so the things... three we repeat and three the things. So
many things.

These children seem to realize the relationship between repetitions number of the unit of repeat, its elements and
the number of times that they are repeated. The children’s response illustrated their thinking evolution. For
example, David started by counting and after he answered a hypothetical question without difficulty, referring to
the same number of times the code repeats explaining this relationship: "so we repeat, so the things... three we
repeat and three the things".

In the seventh task, the children were asked to decorate a cake with sweets for Fly Fosca's party based on the
book’s illustrations. The cards represented the sweets. The children performed this task in small groups, having
been formed into two groups. As in the previous task, the same type of material was used. A set of cards was
given to each group: blue and red, for one group, and green and yellow to the other. The two groups had the
same shapes available: squares, circles, triangles and rectangles. The children were asked to make patterns with
the unit of repeat represented in each strip (figure 13).
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Figure 13. Strips with Units of Repeat Presented to Children
Most children had no difficulty in performing the task. Some of them used the strategy of isolating the unit of
repeat to make the pattern again(figure 14). They copied the unit of repeat, the code, and then built the pattern
easily.

Figure 14. - Isolating the Unit of Repeat Represented in the Strip to Make the Pattern

The given a pattern, which had two different colored squares (green, yellow) but maintained the shape attribute,
most children read it referring to the alternation of colors. Matilde, Tatiana and David were the only children
who read it referring to the name of the shape and not using any inflection to read it:

Matilde - (long pause before starting) Square square square square square square square square
square... (looks at me).

Considering Matilde, the absence of a rhythmic chant seems to be due to the fact that she has focused only on
the geometrical shape which does not vary throughout the pattern. When building the pattern, the children
appear to have no difficulty copying and continuing it. But when these three children began reading, they
assumed the pattern had identical elements, once the children only refer to as square. However some children
disagreed and the following excerpt illustrates their comments:

David - Square square square square square square (reading the pattern made)

Teacher - Can anyone tell me what kind of pattern is this?

David - AB ... AAAAAA.

Fernando - ABAB.

Teacher - Fernando says it is ABAB and David says it's AAAAAA. Which is it?

David - AB only if it’s like this. (picks up a yellow square of its pattern and take from the pile ahead a
green rectangle, putting the two together in the air)

Mario - AAAAA? This is not true!

Teacher -Mario, explain to me how you were seeing it.

Mario —It isn’t the same!

Teacher - Isn’t it the same? So what’s different?

Mario - Because we are using different colors, yellow ...they are the same shape ... but ... even if this
has the same shape, but it’s not the same ... the same colors.

Fernando said that the pattern was AB type, and Mario explained that even though the cards had the same shape,
square, the colors were different and one could not assign the same letter, since the pattern elements were
different. The following excerpt illustrates the reading of the unit of repeat of f pattern made by David when he
was looking at the strip, before its construction:
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David — Yellow circle green circle green rectangle yellow rectangle.

Matilde and David were the only children that made a reading considering the two attributes, color and shape.
Both children appear to have evolved in their pattern awareness, since in the previous a pattern, they made a
reading using a single attribute, not taking into account the color. The evolution of complexity of the patterns did
not appear to have influenced this reading, once the pattern a was AB type and the pattern f was ABCD.

CONCLUSION

The tasks presented here began with the creation of patterns and not with copy and continue models provided by
adults. According to Threlfall (1999), it is essential the children create their own patterns formerly than to copy
pre-established models. The study results reinforce this idea, since the children seem to grasp easily and
significantly the notion of pattern and evolve their level of awareness of the structure of the patterns, through the
implementation of this approach.

After the exploitation of the tasks, the whole group achieved the pattern concept and was able to create repeating
patterns. The children’s evolution in the level of complexity of patterns created was shown. They first started
with patterns having units of repeat with a number of elements up to 3 (Vale et al., 2011), increasing that number
to a higher number of elements, up to 5. Once, Dinis used a symmetrical approach when creating a pattern. The
spontaneous way as Dinis collocated a pattern, intend to be linear, assuming a two-dimensional disposition,
converges with results of Vale et al. (2011), since he did not respect the formation law in column. Nevertheless,
unlike the results of Vale et al. (2011), most children did not need end the patterns with a entire unit of repeat.

The children were also able to identify errors in their pattern’s construction when reading it out loud, in part due
to the use of a rhythmic chant (Threlfall, 1999). Unlike the results reported by Garrick et al. (1999), the children
were able to recognize the patterns of their own creation as well the patterns created by other children. Some
strategies they used in the beginning seem to evidence the emergence of the awareness of the unit of repeat, such
as the strategy of isolating the necessary pens to color the pattern or the strategies of helping the friends not to
make mistakes in the pattern. Also important was the request of the teacher to explain the gesture patterns to
friends, making only the gestures corresponding to the unit of repeat. The physical movements not only facilitate
the representation of the pattern but also the perception of the unit of repeat (Threlfall, 1999). In the beginning of
patterning work, there were different levels of awareness of the structure pattern: some children emphasized the
unit of repeat by a rhythmic chant while others showed a higher level of awareness referring explicitly to the unit
of repeat (Mulligan, 2013; Threlfall, 1999). For copying and continuing patterns more complexes, with units of
repeat with 3 or more elements, some children used the strategy of isolating the unit of repeat to facilitate
making the pattern.

The evolution in the level of complexity of the patterns created and recognized was due to the development of
children in relation to the structure pattern awareness, seeing the pattern as a whole being related to the unit of
repeat named by them as the 'code’. The “code” quickly helped understand the structure of a pattern. The use of
letters to encode patterns allowed the children to recognize different structures of repeating patterns. They were
not dependent on the material used in the sense they could transfer the same pattern to different modes or
materials, corresponding to the strategy of advanced unit of repeat (Papic et al., 2011; Vale et al., 2011), the
most sophisticated strategy.
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ABSTRACT: This research was conducted to investigate 7th grade students’ problem solving success rates on
proportional reasoning problems and whether these success rates change with different problem types. 331
randomly selected students of grade seven participated in this study. A problem test which contains three
different types of missing value (direct proportional, inverse proportional and additive/non-proportional) word
problems was designed as a data collecting tool for the research. Descriptive data analysis methods were used in
this study. Analysis has shown that 7th grade students solved different problem types with different success
rates. The findings of the study also indicate that problem types affect students’ problem solving performances.

Key words: problem solving success rate, proportional reasoning, problem types
INTRODUCTION

Proportional Reasoning

Students’ first experiences with mathematics are based on natural numbers in their school life. The first years of
primary school includes addition and subtraction that is based on the first-order relationships between countable
objects. In the middle school years, students introduce with rational numbers as well as natural numbers. During
these years, students must make several major transitions in their mathematical thinking. A central change in
thinking is required in a shift from natural number to rational numbers and from additive concepts to
multiplicative concepts (Mcintosh, 2013, p. 6). This is an important and difficult conceptual leap for students;
mathematical experiences in elementary school focus primarily on countable objects and first-order
relationships. In proportional situations students must replace additive reasoning and notions of change in
absolute sense with multiplicative reasoning and notions of change in a relative sense (Baxter & Junker, 2001).
This second-order relationship is difficult for students because it requires more complicated mental structures
than simple multiplication and division. Piaget considered the development of proportional reasoning to be a
turning point in the development of higher order reasoning (Aleman, 2007, p. 22). In this sense, the proportional
reasoning ability merits whatever time and effort that must be expended to assure its careful development
(NCTM, 2000; Ben-Chaim, Fey, Fitzgerald, Benedetto, Miller, 1988; Lesh, Post, Behr, 1988; Lamon, 1993;
Baykul, 2009).

Smith (2002) described the importance and complexity of proportionality in this way: “No area of elementary
school mathematics is as mathematically rich, cognitively complicated, and difficult to teach as proportionality
(Johnson, 2010, p. 3). Many important concepts at the foundation level of elementary mathematics are often
linked to proportional reasoning (NCTM, 2000, p. 212). Proportional reasoning is both capstone of elementary
arithmetic and the cornerstone of all that is to follow. It therefore occupies a pivotal position in school
mathematics programs (Lesh et al., 1988). Using proportional reasoning, students consolidate their knowledge of
elementary school mathematics and build a foundation for high school mathematics. Students who fail to
develop proportional reasoning are likely to encounter obstacles in understanding higher-level mathematics
(Langrall & Swafford, 2000).

Problem types

Cramer & Post (1993) categorized proportional tasks as missing-value problems, numerical comparison
problems and qualitative prediction and comparison problems. In missing-value problems three pieces of
numerical information are given and one piece is unknown. In numerical comparison problems, two complete
rates are given. A numerical answer is not required, however the rates are to be compared. Qualitative prediction
and comparison problems require comparisons not dependent on specific numerical values. Van Dooren, De
Bock, Hessels, Janssens, Verschaffel, (2005) categorized non-proportional tasks (i.e., problems for which a
proportional solution was manifestly incorrect but for which another method could be applied to find the correct
answer) as additive problems, constant problems and linear problems. In linear problems, the linear function
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underlying the problem situation is of the form f(x) = ax + b with b # 0. Additive problems have a constant
difference between the two variables, so a correct approach is to add this difference to a third value. Constant
problems have no relationship at all between the two variables. The value of the second variable does not
change, so the correct answer is mentioned in the word problem.

According to Lesh et al., (1988) proportional reasoning encompasses not only reasoning about the holistic
relationship between two rational expressions but wider and more complex spectra of cognitive abilities which
includes distinguishing proportional and non-proportional situations. Studies on proportional reasoning has
shown that additive strategy is the most frequently used error strategy while students solve proportional
problems (Tourniaire, 1986;Karplus, Pulos, Stage, 1983; Bart, Post, Behr, Lesh, 1994; Singh, 2000; Misailidou
& Williams, 2003; Duatepe, Akkus, Kayhan, 2005). Similarly, students give proportional responses to non-
proportional problems (Duatepe et al., 2005;Van Dooren, De Bock, Vleugels, Verschaffel, 2010; Van Dooren,
De Bock, Verschaffel, 2010; De Bock, Van Dooren, Janssens, Verschaffel, 2002; De Bock, De Bolle, Van
Dooren, Janssens, Verschaffel, 2003). This shows that students have difficulty in distinguishing proportional and
non-proportional problem statements.

The middle school mathematics curricula also include inverse proportional relations but in related literature this
relations has not studied deeply so far. Thus it could be beneficial to study whether students can distinguish this
kind of relations with other relations.

Statement of the problem

This research was conducted to investigate 7th grade students’ problem solving success rates and whether these

success rates change with different problem types. Depending on this aim, the research problem was determined
as “What are the success rates of 7th grade students in solving missing value problems with different types?”

METHOD
Research design
Since survey studies collect data from a group of people in order to describe some aspects or characteristics
(such as abilities, opinions, attitudes, beliefs or knowledge) of the population of which that group is a part
(Fraenkel & Wallen, 2005), this research was carried out by using survey method.

Sample

A total of 331 (162 boys and 169 girls) randomly selected students of grade seven from five different public
middle schools in 2014-2015 education year participated in this study.

Instrument

A problem test which contains three different types of missing value (direct proportional, inverse proportional
and additive/non-proportional) word problems was designed as a data collecting tool for the research. Problem
test consisted of 24 open ended items and these items were developed in parallel with the objectives of renewed
elementary mathematics curriculum (MEB, 2013).

Data analysis
Descriptive data analysis methods were used in this study. Pupils’ responses to the problems in the solution
task were scored in order to determine their problem solving success rates on different problem types. To check
the internal consistency of the instrument, Kuder Richardson-20 coefficient was calculated and was found to be
0,823.
RESULTS AND FINDINGS
Table 1 shows the mean scores on different types of problems. Analysis of the mean scores showed that students

showed the best performance on solving direct proportional problems while the worst performance on solving
non-proportional problems.
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Table 1.Mean Scores on Different Types Problems

Problem Types  Direct Inverse Non-Proportional Total
Proportional Proportional (Additive)
Means 6,20 4,84 2,57 13,61

012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Figure 1. Frequency Histogram of The Total Scores

Figure 1 shows the distribution of the scores. The frequency histogram shows that the distribution of the scores
is normal. Most of the students’ scores concentrate between 8 and 19 points.
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Figure 2. Frequency Histogram of The Scores on Different Types of Problems

Figure 2 shows the distribution of the scores on different types of problems. Students showed the best
performance on direct proportional problems and worst performance on non-proportional (additive) problems.

Analysis taken from the data collecting tool has shown that 7™ grade students solved different problem
types with different success rates. The findings of the study also indicate that problem types affect students’
problem solving performances. In detail, additive/non-proportional problems were solved with the lowest
success rate, while direct proportional problems with the highest success rate. The tendency to overuse
proportional responses in inverse proportional and additive/non-proportional situations was observed. Study
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showed that students have difficulty on distinguishing direct proportional, inverse proportional and non-
proportional (additive) problem statements.

CONCLUSION AND RECOMMANDATIONS

The findings of the study revealed that problem affect students’ success rate while solving missing value
problems. Study also showed that students have difficulty on distinguishing direct proportional, inverse
proportional and non-proportional (additive) problem statements. Students should encourage to realize the
mathematical structures underlying the problems so that they can be more successful to distinguish direct
proportional, inverse proportional and non-proportional (additive) problems and develop better conceptual
understandings. In this sense, students should simultaneously be faced to both proportional (direct and inverse)
and non-proportional (additive) problems in order to comprehend the mathematical structures underlying the
problems. For further studies, it can be suggested to make clinical interviews with pupils in order to explore
deeper understanding on how and why students make different success rates on different types of missing value
problems.
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UNDERGRADUATE MATHEMATICAL COURSES-THE CASE OF
THE SEE-UNIVERSITY
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Sadri ALIJA
BE-Faculty, SEE-University, Tetovo, Macedonia

ABSTRACT: This study investigates the influence of student’s attendance in mathematics lectures and their
final examination success. There are two basic objectives in this study: a) to identify the most common reasons
of student’s attendance/absence in mathematics lectures; and b) to identify the effect of the student’s attendance
in mathematical courses on their general results.

The population of the study consists of the second year students of two different faculties of the SEE-University,
students from the faculty of Business Economics and the faculty of Contemporary Sciences and Technologies. A
survey is realized during the academic year 2014/15.

This paper provides results of a survey completed at the beginning of the summer semester and results of the
final success in Mathematics.

The results of this survey show that besides the most common reasons of their absence during the
lectures/practical hours, as are their family engagements and other part time engagements, there are also some
other reasons which are influenced of other different factors. The survey shows that the nature of these other
reasons can be classified in different groups such are: the timetable of the lecture/practical hour is not suitable
for them; the boring courses; the subject is difficult and they cannot understand, so, there is no reason to take
part in it; and also as e reason is mentioned that they simply dislike the subject.

Using the method of logistic regression, we have indicated that student’s attendance has a statistically significant
impact on their final success in Mathematical courses.

These findings suggest that enhancement of student participation, is a crucial aspect of administration which
improves their performance. At the same time, the lecturer should also create a good learning environment, to
motivate students and enlarge their interest to the course.

Key words: mathematics lectures, attendance, absence, success, binary logistic regression.
INTRODUCTION

Taking into the consideration the society development, especially the development of the communication
recourses as the consequence of the increasing of the electronically services, the students attendance is in the
center of interest in a lot of Universities in the world. The development of the new contemporary technologies
creates different possibilities of teaching in the way which is not depending of the attendance in the classes.
Nevertheless, especially for the subject of mathematics there is a general opinion that the attendance is a very
important factor in achieving the objectives of the teaching process. Therefore by this research we want to
investigate the influence of this factor in our University. Teaching where the student is in the center of the
process is a very important part of the teaching and learning process of cooperation.

It is a very known fact that mathematical and quantitative abilities of the person are very important and crucial
factor in achieving a good results in each subject during the studies. But also, good mathematical background
helps very much for the future. The chances for the employment, productivity in the life, and other important
things in the future life are bigger if one has a good mathematical background.

Because of the reasons mentioned above, there is showing a big attention for the process of learning the subject
of mathematics as well as the students performance in this subject. This attention is showing from the side of
teachers, parents and all the society in general. So, it is of big interest to identify the main factors which
influence in students achieving on the subject of mathematics. Identifying these factors, one can find the ways
how to help students in improvement and progress in their academic life.
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All of us who work with the students have a big concern and we always try to find the answer to the question
"why students are missing during the lectures?”. This concern is the topic of research studied from a lot of
researchers. In the different researches done in this field, there are found a different reasons and also there are
given a different explanations why students are missing in the classes. These studies have shown that there are
some valuable reasons, and among others they happen as the consequence of everyday's life circumstances.

The literature suggests a lot of possible reasons for the missing of the students during the lectures and practical
hours. Some of them are: They are employment, which means another engagement outside the studies, the health
reasons, the additional sport activities, not appropriate schedule, the teaching methods used by the teacher, the
teacher himself, the subject and its importance, the lack of motivation etc.

Some studies have confirmed that the students attendance is depended from the health factors. If they are fit and
feel healthy then it results in better academic achieving (Donka Mirtcheva 2009).

There are also another factors with a considerable influence to the students attendance during the classes. One of
the important factors why students do not attend the classes are related with the services given by the University.
In this context Joanne (2007) has shown that the attendance is depending from the University services given to
the students and she has discovered the so called "A phenomenon of student apathy or poor pedagogy".

In general the studies done in this field suggests that a very important think in order to improve the attendance is
increasing and improvement of the pedagogical abilities of the lecturer. Massingham and Herrington (2006) are
suggesting the teachers in general that they should be more careful in completing the students requirements.
They have shown that the nowadays students are requesting more the lecturing where the student will be on the
center of this process.

Lockwood et al. (2006) have analyzed the correlation between the obligatory presence during the classes with
the final grades of the students in the subject where the attendance is obligatory. So the question of analysis is
does the obligatory attendance improve the students grade? In their research they have found that there exists a
very positive and strong statistical correlation between the attendance and the exam results achieved in the case
of the students of agricultural sciences.

Purcell (2007) has studied the relation between the attendance during the classes with the students performance
achieved on the end of the year. The study has done with the students of the second and third year of the
engineering department at the University College Dublin. He has reporting that the average degree of the
attendance in this case is 68%. On the other hand, Kirby and McElory (2003) on the research done with the
sample of the first year students of the Economic department, have concluded that the average norm of
attendance was 47%.

Maloney and Lally (1998) have found that there exists a very positive and significant statistical correlation
between the attendance during the lectures and the students performance on the final exam. This research is done
with the students of the third year of the Economic department of the Galway College University.

Cohen and Johnson (2006) have found a very positive dependence between the attendance and the academic
performance. The study was done on the sample of 347 students of the Economic school.

In some recent studies, Spaho & Godolja (2014), Alija (2013) is used the so called binary logistic regression. By
this study they try to find the dependence of the regular attendance to the final results achieved in the exams.
The study done with the students of Economic department has shown that the regular attendance during the
lectures have a significant statistical influence to the final success both on the subject of mathematics and some
other subjects.

In general there are a variety of different factors which influence to the attendance in classes and the factors
which have a very important role in achieving the academic success. They can be classified as the social-
demographical factors such are the age, the gender, the revenues etc; then the psychological factors such are the
motivation, the stress, the studying strategy etc; and also there are some other factors such are the schedule of
the lectures, the ability of the lecturer, understanding the language of the lecturer, etc.

The purpose of this study is to analyze the influence and the effects of the student attendance on the final success
on the subject of mathematics. The study is done with the second year students of the Department of Economic
Faculty, and the Faculty of Contemporary Sciences of the SEE-University in Tetovo.
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METHODS

As we mentioned above, the population of the study is consisted of the second year students of the Department
of Economic Faculty, and the Faculty of Contemporary Sciences of the SEE-University in Tetovo.

The study is realized in two parts: The first part is depend on the survey realized with the 168 students of these
two departments. The survey was build mainly on the questions of finding the reasons of their absence during
the classes (both the lecture and the practical hours) on the subject of mathematics.

The second part of the study is focused mainly on the application of the logistical regression in order to find the
relations between the students attendance during the classes and their performance and achieved success on the
subject of mathematics.

We have gathered the data of 168 students concerning their attendance during the classes and their final success
achieved in the subject of mathematics. The data were gathered on the end of the semester after ending with the
course.

In order to evaluate the effects of the student attendance on their final success on the subject of mathematics, we
have used the binary logistical regression. For this purpose in order to compute the results we have used the
MedCalc software.

LOGISTIC REGRESSION WITH BINARY RESPONSE

Let Y be a binary response variable, which is coded as 0 or 1, referred to as fail or pass, respectively. Then the
logistic regression model is given as follows:

of o hix
)= e

7 (X) Represents the conditional mean of Y given x, i.e. E(Y \ X). The value of response variable given x can

be expressed as Yy =77(X)+ &, & is the error term. If y =1, then & =1—7(X) with probability 7 (X) and if y

=0, £¢=—n(X) with probabilityl— 7 (X). Therefore, & follows a binomial distribution with mean 0 and

variance H(X)[l— ﬂ(x)] . A transformation of 7z (X)which is called logit function is required:

l—ﬂ'(X)

g(X)='”{ﬂ}=ﬂo+ﬂlx

The unknown parameters are estimated by the method of maximum likelihood estimation with given likelihood

function for B=(/3,,5,) givenas L(23) =ﬁ”(xi )yl [1-7(x )]Hi

FITTING LOGISTIC MODEL WITH BINARY EXPLANATORY VARIABLES

Let us consider the interpretation of the coefficients for logistic regression model with the case where
explanatory variables are at the nominal level of measurement. Assume that X is coded either 0 or 1. Then the

difference between logit function when x=1 and x=0 is given as g(1)—g(0)= /4. To interpret this result, a
measure of association called odds ratio (OR) is required:

o r(1)1[1-7(1)] _
7(0)/[1-7(0)]

Odds ratio provides an approximation how much more likely or unlikely it is for the response variable to occur
among those with x = 1 than among those with x = 0. For details, one can see Hosmer and Lemeshow (2000).
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RESULTS AND DISCUSSIONS

Concerning the first part of the study, we have got that 72.35% of the students were missed less than 30% of
classes, and on the other hand, just 27,65% of the studetns were missed more than 30% of the classes. This is
shown on figure 1.

72.35

Less than 30% More than 30%
Figure 1. Proportion Of Lectures And Practical Sessins Attend

The reasons for not attending the lectures and the practical hours were of different nature and we have classified
them with (1=not usual reason - 3=the most frequent reason). The obtained results show that as the most
frequent reasons of not attending the classes are: not appropriate schedule of classes, the social and other free
activities of the students, the difficult course where they don't see a reason why to attend if they do not
understand the discussed topics, etc. At the table 1 is given a classification of the most common reasons for
missing lectures and practical sessions.

Table 1. Thinking Backs Over Your Time At University So Far What Are The Most Common Reasons
For Missing Lectures And Practical Sessions

(3 being the most common reason and 1 being the least Percentage Frequencies
common reason) 1 2 3
Engagement in the work out studies 55.23 21.82 22.95
There was only one lecture in a day 49.09 34.42 16.49
There were too many consecutive sessions in the day 47.25 32.00 20.75
The lectures/tutorials were too early or too late in the day 28.26 34.55 37.19
I had problems with transport 52.18 25.45 22.37
The weather conditions were too bad 58.64 26.24 15.12
I was ill 64.36 21.82 13.82
I had appointments with doctors or dentists 68.36 20.00 11.64
I had family commitments 45.45 30.73 23.82
I was on holiday 66.45 21.22 12.33
I was tired 42.36 31.28 26.36
I was engaged in other social or recreational activities 49.23 15.23 35.54
I was suffering from the effects of alcohol 75.23 15.25 9.52
I had already studied the material elsewhere(transfer) 70.91 16.36 12.73
The material covered was too difficult 43.64 32.73 23.63
The subject matter was boring 35.00 32.23 32.77
Lack of motivation 48.89 32.73 18.38
I was not interested in the subject matter 52.73 29.09 18.18
I do not like the lecturer 53.28 27.27 19.45
I was completing other work or assessments 49.09 23.64 27.27

For the second part of the study, we have gathered the data on the end of the semester (after we have finished by
lecturing). as we have mentioned previously the data were taken for the course of mathematics. On the figure 2
we present the general success achieved on the subject of mathematics.
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IN

10 (Ten)

9 (Nine)

8 (Eight)

7 (Seven)
6 (Six)

5 (Five) 36,90

40

Figure 2. Scores In Mathematics

The main purpose of the study was to analyze the effect of the student attendance during the lectures and the
practical sessions on the final results (success) in the subject of mathematics.

For this purpose, in order to apply the logistic regression, as the main variables of our study are taken the student
attendance as the dependent variable and the final success of the student as the independent variable. The first
variable is defined as the dummy independent variable and it is coded by 0 if the student has missed more than
30% of the classes, and by 1 if he has missed less than 30% of the classes. The second variable is defined as the
dummy dependent variable and it is coded by 0 if the student doesn't pass the exam, and by 1 if the student has
passed the exam.

setting the dialogue table of the program MedCalc for finding the logistical regression, the data for the final
success of the students in the subject of mathematics are given in the table2.

Table 2. Estimation Results For Logistic Regression

| Dependent Y | Grade

' Method . Enter
Sample size 168
Cases with Y=0 70 (41.67%)
Cases with Y=1 98 (58.33%)

Overall Model Fit

Null model -2 Log Likelihood 228.209
Full model -2 Log Likelihood 204.360
Chi-square 23.849
DF 1
Significance level P <0.0001

Coefficients and Standard Errors

Variable Coefficient Std. Error P
Attendance 1.59768 0.33895 <0.0001
Constant -2.1630

Odds Ratios and 95% Confidence Intervals
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Variable Odds ratio 95% ClI
Attendance 4.9415 2.5430 to 9.6025

Classification table (cut-off value p=0.5)

Actual group Predicted group Percent correct
0 1

Y=0 44 26 62.86 %

Y=1 25 73 74.49 %

Percent of cases correctly classified 69.64 %

ROC curve analysis

Area under the ROC curve (AUC) 0.687
Standard Error 0.0424
95% Confidence interval 0.611 t0 0.756

Using the obtained results from the table 2, one can get the logit model given below:

logit (p)=In ﬁ = -2,163+1,59768 X,

The ratio of the chances (odds ratios) for this variable is X,=4.94>1. This means that the student who has
missed less than 30% of the lectures and practical sessions, has 5 times more chances to get a passing grade (to
pass the exam) in the mathematic subject compared with the students who have missed more than 30% of the
classes.

The percentage of the predicted cases in our study is 69,64%. This means that 69,64% of the predicted cases
fulfill this prediction.

CONCLUSIONS

The subject of mathematics is very important for the students of our University. It is a very useful tool which
helps in achieving the objectives in other subjects. The better results in mathematics implies the better success
during the studies and their carrier in the future. Therefore it is very important to identify some of the basic
factors which influence to the student performance in this subject. Identifying this factors, we can help students
in improving of their abilities and progress in the subject of mathematics.

The obtained results have shown that the students attendance in lectures and practical sessions is depended of
some factors, where the most frequent are: the reason because of the not appropriate schedule, the other social
activities of the students, the difficult and unclear course, etc.

The results obtained from the binary logistical regression have shown that the student attendance in lectures and
practical sessions is statistically very important independent variable. The students who have missed less than
30% of the classes, have approximately 5 times better chances to pass the exam of mathematics, versus the
students who have missed more than 30% of classes.

Taking into the consideration the results obtained from this research, we give the following suggestion: There
should be given a considerable importance to the students attendance during the classes. In order to improve this,
it is of big importance participation of each side in this direction, starting from the administration of the
University, the family and the lecturer. In order to motivate the students for their active participation on the
classes, the lecturers should use different methods and strategies. The active participation will increase their
interest for the subject and this will imply in achieving the better results and will improve the students
performance in general.

Also, the lecturer should create a good environment for teaching. By this he can motivate the students and
increase their interest for the subject. As we have confirmed by this research, as well as the other researches
done in this field, there exists a very significant correlation between the attendance and the student performance.
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Itis a very big challenge for the teachers in general, to identify the factors which can increase the attendance and
which can affect in the improvement of students achieving in general.
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PRESCHOOLERS LEARN PROPORTIONALITY AND INTEGRATION
THROUGH ICON-COUNTING AND NEXT-TO ADDITION

Allan TARP
MATHeCADEMY .net

ABSTRACT: Preschool allows rethinking mathematics outside the tradition of ordinary school. Seeing
schooling as adapting the child to the outside world containing many examples of Many, we can ask: How will
mathematics look like if built as a natural science about physical fact Many? To deal with Many we count and
add. The school counts in tens, but preschool allows counting in icons also. Once counted, totals can be added.
To add on-top the units are made the same through recounting, also called proportionality. Adding next-to
means adding areas, also called integration. So icon-counting and next-to addition offers golden learning
opportunities in preschool that is lost in ordinary school allowing only ten-counting to take place.

Key words: count, add, proportionality, integration, preschool
MATH IN PRESCHOOL - A GREAT IDEA

Mathematics is considered one of the school’s most important subjects. So it seems a good idea to introduce
mathematics in preschool - provided we can agree upon what we mean by mathematics.

As to its etymology Wikipedia writes that the word mathematics comes from the Greek mathéma, which, in the
ancient Greek language, means "that which is learnt”. Later Wikipedia writes:

In Latin, and in English until around 1700, the term mathematics more commonly meant "astrology" (or
sometimes "astronomy") rather than "mathematics"; the meaning gradually changed to its present one
from about 1500 to 1800. (http://en.wikipedia.org/wiki/Mathematics)

This meaning resonates with Freudenthal writing:

Among Pythagoras’ adepts there was a group that called themselves mathematicians, since they
cultivated the four “mathemata”, that is geometry, arithmetic, musical theory and astronomy.
(Freudenthal 1973: 7)

Thus originally mathematics was a common word for knowledge present as separate disciplines as astronomy,
music, geometry and arithmetic.

This again resonates with the educational system in the North American republics offering courses, not in
mathematics, but in its separate disciplines algebra, geometry, etc.

In contrast to this, in Europe with its autocratic past the separate disciplines called Rechnung, Arithmetik und
Geomtrie in German were integrated to mathematics from grade one with the arrival of the ‘new math’ wanting
to revive the rigor of Greek geometry by defining mathematics as a collection of well-proven statements about
well-defined concepts all being examples of the mother concept set.

Kline sees two golden periods, the Renaissance and the Enlightenment that both created and applied
mathematics by disregarding Greek geometry:

Classical Greek geometry had not only imposed restrictions on the domain of mathematics but had
impressed a level of rigor for acceptable mathematics that hampered creativity. Progress in mathematics
almost demands a complete disregard of logical scruples; and, fortunately, the mathematicians now dared
to place their confidence in intuitions and physical insights. (Kline 1972: 399)

Furthermore, Godel has proven that the concept of being well-proven is but a dream. And Russell’s set-paradox
questions the set-based definitions of modern mathematics by showing that talking about sets of sets will lead to
self-reference and contradiction as in the classical liar-paradox ‘this sentence is false’ being false if true and true
if false: fM = A | ALA) then MM (] MIIM.
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With no general agreement as to what mathematics is and with the negative effects of imposing rigor, preschool
mathematics should disintegrate into its main ingredients, algebra meaning reuniting numbers in Arabic, and
geometry meaning measuring earth in Greek; and both should be grounded in their common root, the physical
fact Many. To see how, we turn to skeptical research.

POSTMODERN CONTINGENCY RESEARCH

Ancient Greece saw a controversy between two different forms of knowledge represented by the sophists and
the philosophers. The sophists warned that in a republic people must be enlightened about choice and nature to
prevent being patronized by choices presented as nature. In contrast to this philosophers saw everything physical
as examples of meta-physical forms only visible to the philosophers educated at Plato’s academy, who then
should be allowed to patronize.

Enlightenment later had its own century that created two republics, an American and a French. Today the sophist
warning against hidden patronization is kept alive in the French republic in the postmodern skeptical thinking of
Derrida, Lyotard, Foucault and Bourdieu warning against patronizing categories, discourses, institutions and
education presenting their choices as nature (Tarp 2004).

Thus postmodern skeptical research discovers contingency, i.e. hidden alternatives to choices presented as
nature. To make categories, discourses and institutions non patronizing they are grounded in nature using
Grounded Theory (Glaser et al 1967), the method of natural research developed in the other Enlightenment
republic, the American; and resonating with Piaget’s principles of natural learning (Piaget 1970) and with the
Enlightenment principles for research: observe, abstract and test predictions.

With only little agreement as to what mathematics is we ask: How will mathematics look like if built as a natural
science about the physical fact Many, and how can this affect early childhood education?

BUILDING A NATURAL SCIENCE ABOUT MANY

To deal with the physical fact Many, first we iconize, then we count by bundling. With ‘first order counting’ we
rearrange sticks in icons. Thus five ones becomes one five-icon 5 with five sticks if written in a less sloppy way.
In this way we create icons for numbers until ten since we do not need an icon for the bundle-number as show
when counting in e.qg. fives: one, two, three, four, bundle, one bundle and one, one bundle and two etc..

| I 1l il I L T AT TR
—1 1 1
R =R =R=N=R=
1 2 3 4 5 6 7 8 9
Figure 1. Icons Contain As Many Sticks As They Represent
With ‘second order counting” we bundle a total in icon-bundles. Here a total T of 7 1s can be bundled in 3s as
T =2 3s and 1. The unbundled can be placed in a right single-cup, and in a left bundle-cup we place first the
bundles to be traded, first with a thick stick representing a bundle glued together, then with a normal stick
representing the bundle. The cup-contents is described by icons, first using ‘cup-writing” 2)1), then using

‘decimal-writing’ with a decimal point to separate the bundles from the unbundled, and including the unit 3s,
T = 2.1 3s. Alternatively, we can also use plastic letters as B, C or D for the bundles.

I — Ol — minn — D — I — 2)I) - 213s or BBI — 2BI

Using squares or LEGO blocks or an abacus, we can stack the 3-bundles on-top of each other with an additional
stack of unbundled 1s next-to, thus showing the total as a double stack described by a decimal number.

[T T T T T T 1—CITT1LCLT] E— h

Figure 2: Seven 1s First Becomes 2 35 & 1, Then 2x3 +1 Or 2.1 3s
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We live in space and in time. To include both when counting, we can introduce two different ways of counting:
counting in space, geometry-counting, and counting in time, algebra-counting. Counting in space, we count
blocks and report the result on a ten-by-ten abacus in geometry-mode, or with squares. Counting in time, we
count sticks and report the result on a ten-by-ten abacus in algebra-mode, or with strokes.

To predict the counting result we can use a calculator. Building a stack of 2 3s is iconized as 2x3 showing a jack
used 2 times to lift the 3s. As to the two icons for taking away, division shows the broom wiping away several
times, and subtraction shows the trace left when taking away just once. Thus by entering 7/3” we ask the
calculator ‘from 7 we can take away 3s how many times?’ The answer is ‘2.some’. To find the leftovers we take
away the 2 3s by asking ‘7 — 2x3’. From the answer ‘1’ we conclude that T =7 = 2.1 3s. Showing ‘7 —2x3 =1,
a display indirectly predicts that 7 can be recounted as 2 3s and 1.

713 2.some
7-2x3 1

Figure 4: A Calculator Predicts That 7 1s Can Be Recounted As 2.1 3s
Re-counting In The Same Unit And In A Different Unit
Once counted, totals can be re-counted in the same unit, or in a different unit. Recounting in the same unit,

changing a bundle to singles allows recounting a total of 4 2s as 3.2 2s, 2.4 2s. Likewise 4.2s can be recounted as
5 2s less or short of 2; or as 6 2s less 4 thus leading to negative numbers:

Letters Sticks Calculator =
BBBB HHHH 4.0 2s
BBBII HHHII 4x2 — 3x2 2 3.2 2s
BBIIII HHIII 4x2 — 2x2 4 24 2s
BIIITII H1inn 4x2 — 1x2 6 1.6 2s
NERRRRN NERRRRN 4x2 — 0x2 8 0.8 2s
BBBBB HHHHH 4x2 — 5x2 -2 52 2s
BBBBBB HHHHHH 4x2 — 6x2 -4 6.4 2s

Figure 5: Recounting 4 2s In The Same Unit

To recount in a different unit means changing unit, called proportionality or linearity also. Asking ‘3 4s is how
many 5s?” we can use sticks or letters to see that 3 4s becomes 2.2 5s.

I mr 1mr — MO famir 11 —  2)2)5s — 2.2 5s, or with C=BI, BBB — BBIIII — CCII
Using geometry-counting on an abacus, reserving the bottom line for the single 1s, a stack of 3 4s is moved from
left to right on an abacus. The top bundle is changed to 1s in the single line and twice a stick is removed to
enlarge the two 4-bundles to 5-bundles. This shows that ‘3 4s can be recounted as 2.2 5s.”

Using algebra-counting, 3 beads are moved to the right on the bundle-line. Then one 4-bundle is changed to 4 1s

on the single-line. Moving 2 beads to the left on the single-line allows enlarging the 4s to 5s thus showing that 3
45=2.25s
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—

Figure 6: Re-counting 3 4s As 2.2 5s On An Abacus With Geometry And Algebra Mode

Using a calculator to predict the result we enter ‘3x4/5’ to ask ‘from 3 4s we take away 5s how many times?’
The calculator gives the answer ‘2.some’. To find the leftovers we take away the 2 S5s and ask ‘3x4 — 2x5°.
Receiving the answer ‘2’ we conclude that T =3 4s =2.2 5s.

3x41/5 2.some
3x4-2x5 2
Figure 7: A Calculator Predicts That 3 4s Can Be Recounted As 2.2 5s

Adding On-top And Next-to

Once counted, totals can be added on-top or next-to. Asking ‘3 5s and 2 3s total how many 5s?” we see that to be
added on-top, the units must be the same, so the 2 3s must be recounted in 5s giving 1.1 s that added to the 3 5s
gives a grand total of 4.1 5s.

T T e e e — I000 001 IIIe e 1 — 4)1)Ss — 4.1 5s,0or 3B+2C =3B III III = 4BI

On an abacus in geometry mode a stack of 3 5s is moved to the right and a stack of 2 3s is moved to the middle.
Now, the 2 3s is changed to 6 1s on the bottom line allowing one additional 5s to be moved to the top of the
stack of 5s to show the grand total is 4.1 5s. Using algebra mode, the 3 5s become 3 beads on the bundle line and
the 2 3s become 2 beads on the line above. Again the 2 3s is changed to 6 1s on the bottom line allowing one
additional bead to be added to the bundle-line to give the result 4.1 5s

Figure 8: On-top Addition Of 3 55 And 2 3s As 5s On An Abacus With Geometry And Algebra Mode

Using a calculator to predict the result we include the two totals in a bracket before counting in 5s: Asking ‘(3x5
+2x3)/5’ gives the answer 4.some. Taking away 4 5s leaves 1. So the answer is 4.1 5s.

(3x5+2x3)/5 4.so0me
(3x5+2x3)-4x5 1
Figure 9: A Calculator Predicts That On-Top Addition Of 3 5s And 2 3s Gives 4.1 5s

To add next-to means adding areas called integration also. Asking ‘3 5s and 2 3s total how many 8s?” we can
use sticks or letters to see that the answer is 2.5 8s.

FULE HEHEE e e iy — T i Hiel mm — 2)5)8s —  2.58s,0r 3B+2C=2BC+B
On an abacus in geometry mode a stack of 3 5s is moved to the right and a stack of 2 3s is moved to the middle.
Now a 5-bundle is moved to the single line allowing the two stacks to be integrated as 8s, showing that the grand
total is 2.5 8s. Likewise when using algebra mode.
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Figure 10: Next-to Addition Of 3 5s And 2 3s As 8s On An Abacus With Geometry And Algebra Mode

Using a calculator to predict the result we include the two totals in a bracket before counting in 8s: Asking ‘(3x5
+ 2x3)/8” gives the answer 2.some. Taking away the 2 8s leaves 5. So the answer is 2.5 8s.

(3x5+2x3)/8 2.some
(4x5+2x3)-2x8 5

Figure 11: A Calculator Predicts That Next-To Addition Of 3 55 And 2 3s Gives 2.5 8s
Reversing Adding On-top And Next-to

To reverse addition is called backward calculation or solving equations also. Asking ‘3 5s and how many 3s total
4.1 557° we can use sticks or letters to see that the answer is 2 3s:

LR TERE o e 1« TIOD TIOD IO T« 4)1)5s «— 4.1 5s,0or4BI= 3BIIIII I =3B + 2C
On an abacus in geometry mode a stack of 4 5s and 1 is moved to the right and a stack of 3 5s is moved back to

the left. Now the remaining is recounted in 3s as 2 3s. Using algebra mode, after moving 3 bundle-beads to the
left, the last is changed to 1s, allowing the 1s to be recounted as 2 3s.

Figure 12: Reversed On-top Addition Of 3 5s And Some 3s to 4.1 55 On An Abacus

Using a calculator to predict the result we include the two totals in a bracket before counting in 3s: Asking ‘(4x5
+1 —2x3)/3’ gives the answer 2. Taking away the 2 3s leaves 0. So the answer is 2.0 3s or 2 3s.

(4x5+1-3x5)/3 2
(4x5+1-3x5)-2x3 0

Figure 13: A Calculator Predicts That 2 3s Is What Must Be Added To 3 55 To Give 4.1 5s

To reverse next-to addition is called reversed integration or differentiation also. Asking ‘3 5s and how many 3s
total 2.5 8s?” we can use sticks or letters to see that the answer is 2 3s:

UL TEEEE T T 1« TIOD I el I < 2)5) 8s «— 2.58s,or =2BC+B=BCBCB =3B+
2C
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On an abacus in geometry mode a stack of 2 8s and 5 is moved to the right and a stack of 3 5s is moved back to
the left. Now the remaining is recounted in 3s as 2 3s. Using algebra mode, each 8-bundle can be changed to a 5-
bundle and 3 1s. So moving 3 5s to left leaves 2 3s.

e

Figure 14: Reversed Next-to Addition Of 3 5s And Some 3s To 2 8s On An Abacus

Using a calculator to predict the result we include the two totals in a bracket before counting in 3s: Thus asking
‘(4x5 +1 — 2x3)/3” gives the answer 2. Taking away the 2 3s leaves 0. So the answer is 2.0 3s or 2 3s.

(2x8+5-3x5)/3 2
(2x8+5-3x5)-2x3 0

Figure 15: A Calculator Predicts That 2 3s Is What Must Be Added To 3 55 To Give 2.5 8s

We notice that adding the two stacks 2 3s and 4 5s next-to each other means performing multiplication before
adding; and that reversing integration means performing subtraction before division, as in the gradient formula

y’ =dy/t=(y2 -yt
Overloads And Extra Cups

With overloads also bundles can be bundled and placed in a new cup to the left. Thus in 6.2 3s, the 6 3-bundles
can be re-bundled into two 3-bundles of 3-bundles, i.e. as 2))2 or 2)0)2), leading to the decimal number 20.2 3s:

I I ) — 1)) I0), or 6)2) = 2) )2) = 2)0)2, or 6.2 3s = 20.2 3s.

Adding an extra cup to the right shows that multiplying with the bundle-size just moves the decimal point:
T=213s=2)1) — 2)1))=21.03s

Traditional Counting

Traditional mathematics counts in tens only, which can be called ‘third order counting’. Written in its full form,

354 = 3*1072 + 5*10 + 4*1 becomes a sum of areas placed next-to each other, thus showing the four ways to

unite numbers: Power unites bundles of bundles into a new bundle-size, multiplication unites like bundles into

stacks, integration unites stacks with different bundle-size, and addition unites singles. Reversing uniting is

predicted by the inverse operations called root, division, differentiation and subtraction. Thus it makes good
sense that algebra means to reunite in Arabic.

3 5
1072 10 1
Figure 16: The Number 354 = 3*1072 + 5*%10 + 4*1 Shown As Three Integrated Stacks

The Two Counting Formulas
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We have seen that to count a total of 7 in 3s, first we take away as many 3-byndles as possible, symbolized as
7/3, to be arranged as a stack of 2 3-bunles, symbolized as 2x3, that then is taken away to look for leftovers,
symbolized as 7 — 2x3. Thus the counting process involves division, multiplication and subtraction, but no
addition.

Counting a total T in 3s gives the counting result that T can be counted in T/3 3s. Thus we can set up a
recounting formula T = (T/b) x b saying that a total T can be counted as (T/b) bs. This formula is also called a
proportionality formula showing that proportionality is just another word for shifting units.

To look for leftovers, the stack is taken away and placed next-to what is left of the original total T. Again we can
set up a restacking formula T = (T — b) + b saying that a total can be split into a stack and leftovers.

COMPARING MANYMATICS AND MATHEMATICS

Using postmodern contingency research we have discovered a natural science about the physical fact Many that
can be called ‘ManyMatics’ and that allows us to deal with Many by counting and adding: First we count in
icons, then in icon-bundles allowing a total to be written in a natural way as a decimal number with a unit where
the decimal point separates the bundles from the unbundled. To add on-top and next-to we change the unit by
recounting, predicted by a recount- and a restack-formula. Written out fully as stacked bundles, humbers show
the four ways to unite: on-top and next-to addition, multiplication, and power. And to reverse addition we need
inverse operations (Zybartas et al 2005), (YouTube), (Tarp 2014).

Counting Many by cup-writing and as stacked bundles contains the core of the mathematical sub-disciplines
algebra and geometry. However there are fundamental differences between ManyMatics and Mathematics.

In the first an icon contains as many sticks or strokes as it represents, in the second an icon is just a symbol. In
the first a natural number is a decimal number with a unit using the decimal point to separate bundles and
unbundled; in the second a natural number hides the unit and misplaces the decimal point one place to the right.

The first presents operations as icons with the natural order division, multiplication, subtraction and two kinds of
addition, on-top and next-to; the second presents operations as symbols; the order is the opposite; and next-to
addition is neglected. The first uses a calculator for number prediction. The second neglects it. The first allows
counting in icons, the second only allows counting in tens.

With ten as THE bundle-size, recounting becomes irrelevant and impossible to predict by a calculator since
asking ‘3 8s = ? tens’ leads to T = (3x8/ten) tens that cannot be entered. Now the answer is given by
multiplication, 3x8 = 24 = 2 tens + 4 1s, thus transforming multiplication into division. Likewise adding next-to
is neglected and adding on-top becomes THE way to add.

Furthermore the tradition changes mathematics into ‘metamatism’, a combination of ‘meta-matics’ and
‘mathema-tism’ where metamatics turns mathematics upside down by presenting concepts as examples of
abstractions instead of as abstractions from examples, thus insisting that numbers are examples of sets in one-to-
one correspondence; and where mathematism allows addition without units, thus presenting ‘1+2=3" as a natural
fact in spite of its many counterexamples as 1 week + 2 days = 9 days, 1 m + 2 cm = 102 cm etc.

Thus the goal of a preschool curriculum should be the golden learning opportunities coming from icon-counting
and next-to addition since they both disappear when traditional metamatism suppresses ManyMatics from day
one in school. So ManyMatics is an example of postmodern ‘paralogy’ described by Lyotard to be a dissension
to the ruling consensus (Lyotard 1984, 61).

THE TRADITIONAL PRESCHOOL MATHEMATICS

At the twelfth International Congress on Mathematical Education, ICME 12, the topic study group on
Mathematics education at preschool level contains two interesting contributions from Sweden
(http://www.icmel2.org/sub/tsg/ tsg_last_ view.asp?tsg_param=1). The second discusses the content knowledge
needed for preschool teachers to guide mathematical learning; and the first discusses the difficulties trying to
categorize children behavior according to the revised preschool curriculum in Sweden from 2011, inspired by
five categories claimed by Bishop to constitute mathematics (Bishop 1988).

153



International Conference on Education in Mathematics, Science & Technology (ICEMST), April 23 - 26, 2015 Antalya, Turkey

The five categories are counting, i.e. the use of a systematic way to compare and order discrete phenomena;
locating, i.e. exploring one’s spatial environment and conceptualizing and symbolizing that environment, with
models, diagrams, drawings, words or other means; measuring, i.e. quantifying qualities for the purposes of
comparison and ordering; designing, i.e. creating a shape or design for an object or for any part of one’s spatial
environment; and playing, i.e. devising, and engaging in, games and pastimes, with more or less formalised rules
that all players must abide by.

Bishop’s five activities reminds of Niss’ eight competencies: thinking mathematically; posing and solving
mathematical problem; modelling mathematically ; reasoning mathematically; representing mathematical
entities; handling mathematical symbols and formalisms; communicating in, with, and about mathematics; and
making use of aids and tools (Niss 2003). Both define mathematics with action words. Bishop uses general
words whereas Niss is caught in self-reference by including the term mathematics in its own definition.

However, both exceed in numbers vastly the two activities of ManyMatics, counting and adding, so skeptical
thinking could ask: Since the numbers of activities alone makes it almost impossible for teachers and children to
learn, is there a hidden patronizing agenda in these longs lists since just two activities or competences are needed
to deal with the physical fact Many? And is it mathematics or metamatism these lists define?

To illustrate the issue we now look at the web-based training of in-service teachers at the MATHeCADEMY .net
using ‘pyramid-education’.

MICRO-CURRICULA AT THE MATHECADEMY .NET

The MATHeCADEMY .net sees mathematics as ManyMatics, the natural science about the physical fact Many.
It teaches teachers to teach this natural science about Many to learners by allowing both teachers and learners to
learn mathematics through investigations guided by educational questions and answers.

Seeing counting and adding as the two basic competences needed to deal with Many, it uses a CATS method,
Count & Add in Time & Space, in a Count & Add laboratory where addition predicts counting-results, thus
making mathematics a language for number-prediction. The website contains 2x4 study units with CATS1 for
primary school and CATS2 for secondary school.

In pyramid-education 8 in-service teachers are organized in 2 teams of 4 teachers, choosing 3 pairs and 2
instructors by turn. The Academy coach helps the instructors instructing the rest of their team. Each pair works
together to solve count & add problems and routine problems; and to carry out an educational task to be reported
in an essay rich on observations of examples of cognition, both re-cognition and new cognition, i.e. both
assimilation and accommodation. The coach helps the instructors to correct the count & add problems. In each
pair each teacher corrects the other teacher’s routine-assignment. Each pair is the opponent on the essay of
another pair. Having finished the course, each in-service teacher will ‘pay’ by coaching a new group of 8 in-
service teachers.

FIVE PLUS TWO LEARNING STEPS
The in-service teachers learn in the same way as their students by carrying out five learning steps: to do, to
name, to write, to reflect and to communicate. For a teacher two additional steps are added: to design and to
carry out a learning experiment, while looking for examples of cognition, both existing recognition and new
cognition. To give an example, wanting children to learn that 5 is an icon with five sticks, the steps could be:
Do: take 5 sticks and arrange them next to each other, then as the icon 5.

Say: a total of five sticks is rearranged as the number icon 5, written as T=5.

Reflect. That five sticks is called five is old cognition. It is new cognition that five sticks can be rearranged as a
5-icon and that this contains the number of sticks it represents.

Communicate. Write a postcard: ‘Dear Paul. Today I was asked to take out five sticks and rearrange them as a 5-

icon. All of a sudden | realized the difference between the icon 5 and the word five, the first representing what it
describes and the second representing just a sound. Best wishes’.
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Design an experiment: | will help Michael, who has problems understanding 2digit numbers. Once he tries to
build a number symbol for ten, eleven and twelve, he will realize how smart it is to stop inventing new symbols
and instead begin to double-count bundles and unbundled. So | design an experiment asking the children to build
the first twelve number-icons by rearranging sticks.

Carry out the experiment: It is my impression that constructing the number icon for ten was what broke the ice
for Michael. It seems as if it enabled Michael to separate number-names from number-icons, since it made him
later ask ‘Why don’t we say one-ten-seven instead of seventeen? It would make things much easier.” This
resonates with what Piaget writes:

Intellectual adaptation is thus a process of achieving a state of balance between the assimilation of
experience into the deductive structures and the accommodation of those structures to the data of
experience (Piaget 1970: 153-154).

DESIGNING A MICRO-CURRICULUM SO MICHAEL LEARNS TO COUNT

This 5-lesson micro-curriculum uses activities with concrete material to obtain its learning goals. In lesson 1
Michael learns to use sticks to build the number icons up to twelve, and to use strokes to draw them, thus
realizing there are as many sticks and strokes in the icon as the number it represents, if written less sloppy.

In lesson 2 Michael learns to count a given total in 1s and in 4s; and to count up a given total containing a
specified numbers of 1s or of 4s.

Lesson 3 repeats lesson 2, now counting in 3s.
Lesson 4 combines lesson 2 and 3, now counting in 1s, 3s and 4s.

In lesson 5 Michael learns to recount in 4s a total already counted in 3s, both manually and by using a calculator;
and vice versa.

As concrete materials anything goes in lesson 1. The other lessons will use fingers, sticks, pegs on a pegboard,
beads on an abacus, and LEGO blocks.

Another 5-lesson micro-curriculum could make Michael learn to add on-top and next-to to be able to answer
questions like 2 3s + 4 55 = ? 3s = ?5s = ?8s. This will not be discussed further here.

Lesson 1: Building And Drawing Number Icons

On the floor the children place six hula hoop rings next to each other as six different lands: empty-land, 1-land,
2-land, 3-land, 4-land and 5-land shown by the corresponding number of chopsticks on a piece of paper outside
the ring.

Each child is asked to find a thing to place in 1-land, and to explain why. Then they are asked to turn their thing
so it has the same direction as the chopstick. Finally the group walks around the room and points out examples
of ‘one thing’ always including the unit, e.g. 1 chair, 1 ball, etc.

In the same way each child is asked to find a thing to place in 2-land. The instructor shows how the two
chopsticks can be rearranged to form one 2-icon. The children are asked to pick up two sticks and do the same;
and to draw many examples of the 2-icon on a paper discussing with the instructor why the 2-icon on the wall is
slightly different from the ones they draw. Now the children are asked to rearrange their 2s in 2-land so they
have the same form as the 2-icon. And again the group walks around the room and points out examples of ‘two
things’ that is also called ‘one pair of things’.

This is now repeated with 3-land where three things are called one triplet. Before going on to 4-land the
instructor asks the children to do the same with empty-land. Since the empty-icon cannot be made by chopsticks
the instructor ask for proposals for an empty-icon hoping that one or more will suggest the form of the ring, i.e. a
circle. And again the group walks around the room to try to locate examples of ‘no things’ or zero things.

Now the activity is repeated with 4-land. Here the instructor asks the children to suggest an icon for four made
by four sticks. When summing up the teacher explains that the adults have rejected the square since it reminds
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too much of a zero, so the top stick is turned and placed below the square to the right. Here the children are
asked to rearrange their 4s in 4-land so they have the same form as a square, and as the 4-icon. And again the
group walks around the room and points out examples of ‘four things’ that is also called ‘a double pair’.

Now the activity is repeated with 5-land. Here the instructor asks the children to suggest an icon for five made
by 5 sticks. When summing up the teacher explains that the adults have decided to place the five stick in an s-
form. When walking around the room to point out examples a discussion is initiated if ‘five things’ is the same
as a pair plus a triplet, and as a double pair plus one.

This activity can carry on designing icons for the numbers from six to twelve realizing that the existing icons can
be recycled if bundling in tens.

Observing And Reflecting On Lesson 1

Having designed a micro-curriculum, the in-service teacher now carries it out in a classroom looking for
examples of recognition and new cognition.

One teacher noticed the confusion created by asking the children to bring things to empty-land. It disappeared
when one child was asked what he had just put into the ring and answered no elephant. Now all of the children
were eager to put no cars, no planes etc. into the ring. Later the teacher witnessed children discussing why the 3-
icon was not a triangle, and later used the word four-angle for the square. Also this teacher noticed that some
children began to use their fingers instead of the chopsticks.

Under the walk around the room a fierce discussion about cheating broke out when a child suggested that
clapping his hand three times was also an example of three things. It is not, another child responded. It is. No its
not! Why not? Because you cannot bring it to 3-land! Let’s ask the teacher!

After telling about space and time, children produced other examples as three knocks, three steps, three rounds
around a table, and three notes. Other children began to look at examples of threes at their own body soon
finding three fingers, three parts on a finger, and three hands twice when three children stood side by side and
the middle one lent out his two hands to his neighbors.

CONCLUSION

To find how mathematics would look like if built as a natural science about the physical fact Many, and how this
could affect early childhood education, postmodern contingency research has uncovered ManyMatics as a
hidden alternative to the ruling tradition in mathematics. Dealing with Many means bundling and counting in
icons, and recounting when adding on-top or next-to thus introducing proportionality and calculus. Likewise
reversing on-top or next-to addition leads to solving equations and differentiation. Furthermore, the fact that
totals must be counted before being added means that the operations division, multiplication, subtraction must be
introduced before addition. However, these golden learning opportunities are lost when entering grade one,
where the monopoly of ten-counting and the opposite order of operations prevents both from happening.
Furthermore grounded ManyMatics is replaced with metamatism true inside a classroom but not outside when
introducing one-to-one corresponding sets and when teaching that 1+2 1S 3.

RECOMMENDATIONS

Besides commenting on internal research papers meant for themselves only, researchers should also produce
papers telling governments that to enlighten and to prepare the learners for the outside world, the educational
system must stop presenting its choices as nature. Instead it should be forced to accept the historic fact that long,
long ago the antique collective name mathematics was split up into independent disciplines.

So instead of teaching mathematics, schools should teach the two competences needed to deal with the physical
fact Many, to count and to add. Consequently, the golden learning opportunities in preschool mathematics
should enter ordinary school that should be forced to accept icon-counting and next-to addition instead of
suppressing it. Calculators should be included to allow predicting counting results. Likewise, an abacus should
be reintroduced to primary school and used both in geometry and algebra mode. This means a need for a full
scale re-education of pre-service and in-service teachers. The MATHeCADEMY.net using
PRAMIDeDUCATION is designed to meet exactly this need in an effective, user-friendly and inexpensive way.
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TECHNOLOGY EDUCATION IN FINLAND - CRAFT, CREATIVITY,
TEXTBOOKS OR TECHNOLOGY
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ABSTRACT: Changes in the economy, nature, production and society together with increasing scientific and
technological knowledge make demands of transforming school teaching in the field of technology education.
This article analyses current trends in Finnish technology education. The aim of the article is briefly to explore
the integration between science - technology - and traditional craft education in Finland. Finnish technology
education can be characterized as the design approach that has evolved from the craft oriented tradition.
Additionally, it involves many elements of computer controlling and electronic principles. Thanks to Finnish
industry and their interest groups there are some signs of strengthening in technology education. But still much
of the learning is based on traditional craft education focused on production skills. Approaches that are now
dominant in craft education do not prepare students to meet the challenges of modern technology and working
life.

Key words: technology education, craft education, science education, creative problem solving

INTRODUCTION

During last twenty years there has been an active discussion about the role of technology education in Finnish
compulsory education. Several development projects have been started aimed to develop the curriculum and
technology education (Jarvinen, Lindh & Saiskilahti, 2000; Lavonen, Autio & Meisalo, 2004; Parikka &
Rasinen, 2009). Moreover, many public and private institutions claim that there is a growing need for
employees, who are able to think critically and also to solve a range of technological problems (Grabinger,
1996). On the other hand, several researchers maintain that various cognitive, metacognitive and problem
solving skills needed in the working life are seldom obtained at school (Resnick, 1986). The national discussion,
the results obtained from the various development projects in the field of technology education and the
international discussion about the role of technology education should have had an effect on the formulation of
the goals and contents of technology education in the national curriculum framework for compulsory school.

In the beginning of 2000s, a discussion took place between the authorities and the spokesmen of the craft
industry. Although, technology education was introduced for the first time in the framework curriculum, a
separate technology education subject was not, however, been established. Nevertheless, technology was
introduced as part of a specific cross-curricular theme, entitled ‘The Human Being and Technology’. As a result
of that, technology education should be taught in all subjects as an integrated subject. Officially, Finnish
technology education was named handicraft which is in practice divided into two sections: technical - and textile
craft. Hence, the main importance in the curriculum is still in the developing students’ handicraft skills, within
the context of the complete process of handiwork. In addition, the development of students’ personalities and the
growth of self-esteem were also emphasised.

However, the 2004 curriculum emphasized the meaning of technology from the point of view of everyday life,
society, industry and environment, as well as human dependency on technology. The students should be familiar
with new technology, including ICT (information & communication technology), how it is developed and what
kind of influence it has. Students’ technological skills should be developed through using and working with
different tools and devices. Studying technology helps students to discuss and think about ethical, moral and
value issues related to technology. There is a high compatibility with the goals mentioned in our new curriculum
and the nature of literacy in technology described in the publication: International Technology Education
Association (2007) Standards for Technological Literacy: Content for the Study of Technology.

TECHNOLOGY EDUCATION IN PRACTICE

Although, we have moved long ago from an agricultural society to a post-industrial society, out—of—date
technological processes, such as the making of wood and metal artefacts, are more common than processes,
such as working with plastic, service and repair of technical equipment and construction of electronic
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equipment. Computers are not used in technology education to a large extent, but usage is expected to increase
in the near future. Moreover, in many schools, the students reproduce artefacts on their own, according to
given models without any creativity. Students only occasionally plan and generate alternatives in small groups.
Learning is focused on production skills, with the aim of teaching students how to replicate demonstrated skills.
Approaches that are now dominant in technology are based on old fashioned craft education and they do not
prepare students to meet the challenges of modern technology and working life. Craft education is a very
practical school subject with small integration of science and technology aspects in the teaching and learning.
Its purpose is thought to be simply for practicing manual dexterity without reflective discussions. Often such
thinking is based on views that require students to merely copy and reproduce similar products, such as wooden
boxes and other wooden artefacts commonly used in households.

On the other hand, it is important to notice that students are highly motivated to work with their hands (Autio,
1997, Autio, 2013). It is not surprising that both boys and girls are attracted to technology education because
they enjoy working with their hands and like the independence and chance for creativity provided by these
classes (Silverman & Pritchard, 1996). Students who typically enrol in technology education are attracted to
the types of projects they will be engaged in (Weber & Custer, 2005). It seems that several other school
subjects have more motivational problems than technology education. Craft lessons are unlike subjects such as
physics or mathematics considered more practical than theoretic.

The current orientation in Finnish craft - and technology education is described in Figure 1. It shows the main
directions: traditional craft education - modern technology education and product orientation — process
orientation, which includes typical sections in craft and technology education: reproductive handwork, creative
handwork, textbook technology and innovative technology.

Orientations in Finnish
craft and technology education

product orientation
.

-

“reproduction “textbook

handwork™ technology™
» traditional modern -
craft education technology education

“creative “innovative

handwork™ technology™
-

process orientation

Figure 1. Current orientation in Finnish craft and technology education

In traditional craft education, children reproduce artefacts according to given models. It is adequate for
teaching the basic skills, like learning to use a saw or soldering station. However, there must be time for
learning creative problem solving and, from the design perspective, this is already happening in “creative
handwork”. In technology education, there is still the same problem as “textbook technology” overshadows
pra