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Abstract

The purpose of the present study has been to explore the effect on students of an alternative
measurement and assessment tool developed for the science unit on “Matter and Heat.” Inspired
by the teaching technique of concept development and the alternative measurement tool of the
descriptive branched tree, an alternative measurement tool of web design was developed to
conduct experimental research with 62 students at a primary school in Samsun. Results showed
that, compared to the control group students who were instructed with traditional teaching
approaches, the experimental group students who were tested with the web-based measurement
tool recorded a statistically significant difference in achievement in the unit on “Matter and
Heat.” No significant difference, however, was observed in these students’ attitudes toward the
science and technology lessons. It is believed that developing an alternative measurement tool
of web design encompassing all of the units of the 6%, 7" and 8" grade science and technology
curriculum will be of benefit to students and will make an important contribution to the work
of teachers.

Keywords: Web designed measurement and assessment, matter and heat, achievement,
attitude.
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Bu ¢alismanin amaci, “Madde ve Is1” {initesi igin gelistirilen bir alternatif 6l¢me ve
degerlendirme aracini tanitmak ve ogrenciler {izerindeki etkinligini arastirmaktir. Ogretim
tekniklerinden goriis gelistirme ve alternatif 6l¢gme araglarindan tanilayict dallanmis agagtan
esinlenerek gelistirilen web tasarimli alternatif 6l¢me araci, deneysel bir arastirma yaklasimryla
Samsun merkezde yer alan bir ilkdgretim okulunda 62 6grencinin katilimiyla gergeklestirilmistir.
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Sonug olarak, hazirlanmis olan web tasarimli 6l¢me aracinin kullanildigr deney grubu
Ogrencilerinin basarilarinda, geleneksel Ogretim yaklasimmin kullanildigr kontrol grubu
Ogrencilerine gore istatistiksel olarak anlaml bir degisikligin oldugu goriilmiistiir. Buna karsin,
ogrencilerin fen ve teknoloji dersine yonelik tutumlarinda ise anlamli bir farklilik g6zlenmemistir.
Web tasarimli alternatif 6lgme aracinin 6, 7 ve 8. smuf fen ve teknoloji miifredatinin tim
tinitelerini kapsayacak sekilde gelistirilmesinin hem 6grencilere hem de 6gretmenlere 6nemli
katkilar saglayacag diisiiniilmektedir.

Anahtar Sozciikler: Web tasarimli 6l¢gme ve degerlendirme, madde ve 1s1, basari, tutum.

Introduction

The needs of contemporary education are changing in response to the population and
information explosion, the increasing value placed on socioeconomic relations, the impact of
scientific and technological evolution on education and the community, and the relationship
between education and social demands (Alkan, 2011). The developments in these areas in
recent years have enhanced the need for a contemporary educational system and accordingly,
changes have been made in programs of education around the world. It is known that science
and technology education is a severe competition on an international scale. Continuous efforts
are spent to increase learning (Karip, 2005). Among the most important factors having an impact
on learning are school curricula. Science and Technology curriculum encompass the main written
reference materials that are used by the teacher and the student during the teaching of the lessons
in a particular unit (Tas, 2006).

Efforts to develop high-quality teaching programs are the subject of many important studies
both in Turkey and around the world. There is a very close relationship between learning theories
that explore how learning takes place and actual school programs. Curriculum preparation relies
on adopting the basic philosophy of one or more learning theory (Tas, Apaydin, & Cetinkaya,
2011). The science and technology syllabus in the textbook approved by the Ministry of National
Education was prepared on the basis of the fundamental philosophy of the constructivist learning
theory (Cepni, 2006).

The constructivist learning theory, developed through the contributions of scientists such
as Bruner, Piaget, Ausubel and Vygotsky, became one of the basic learning theories adopted in
school programs in many countries as from the 1980s (Fensham, 1992). This interest has instigated
the need for change in Turkey as well (Bayrak & Erden, 2007). Turkey adopted the constructivist
learning theory in 2004, after which current educational programs were modified. Thus, Turkey
joined the rest of the world in this global change.

The constructivist learning theory is based on a concept of learning whereby an individual
learns by constructing knowledge in the mind. This mental construction requires the integration
of old and new knowledge (Glasersfeld, 1995). The science and technology teaching program
created in the light of this theory is based on the assumptions that learning does not rely on
direct transfer of knowledge but that it is affected by already existing knowledge, that the student
internalizes the information, needing to rearrange present concepts in the mind, ultimately trying
to make sense out of the world by either accommodating or rejecting this information. At the
same time, the program accepts that individual differences, effective participation of the student,
peer interaction and communication are vital parts of learning (MEB, 2006). As can be understood
from these assumptions, guided by the framework of constructivism, many other learning
theories also have an impact on the program. In other words, the assumptions make it clear that
the constructivist learning theory is related to other theories. For example, how constructivist
learning theory is related to the multiple intelligences theory can be seen in its consideration
of different types of student and therefore of individual differences, its project-based learning
approach, its emphasis on learning by experience, on producing something from what has been
learned, and its defense of active participation (Ozmen, 2006).
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Instead of the result-based uniform traditional approaches to measurement and assessment,
alternative measurement and assessment techniques that are process-based, that take into
consideration individual differences in learning and that are in line with the constructivist
learning theory are recommended for measurement and assessment processes in the Science and
Technology program (Cepni, 2006). Examples of such techniques are projects, student product
portfolios, concept maps, descriptive branched trees, and performance evaluation (MEB, 2006).
In a study conducted by Saglam-Arslan, Devecioglu-Kaynakg1 and Arslan (2009), it was reported
that science and technology teachers did not use alternative measurement and assessment
techniques such as the descriptive branched tree and concept development.

The descriptive branched tree technique is a technique that can be useful when questions
on the same subject must be asked in progression. The technique is conducive to uncovering
misconceptions that have settled in the student’s mind (Yaman, Karamustafaoglu, &
Karamustafaoglu, 2005). This aspect of the technique is believed to be of high value to the teacher
in helping to receive process-focused feedback or in making a status evaluation. Besides, the
materials and the technique itself can also be used as learning material in measuring learning
processes. With all of these characteristics, the descriptive branched tree is in keeping with modern
conceptual change theories. In conceptual change theories, conceptual changes, particularly in
the case of theoretical concepts, occur slowly, in evolutionary fashion (Limén & Mason, 2002).
Accordingly, to achieve a desired conceptual change and induce meaningful learning, the
progressive relationship between context and activity diversity and concepts should be taken
into consideration in learning processes (diSessa, 1988; diSessa, 1993).

The Science and Technology Teaching Program, prepared primarily under the influence of
the constructivist learning theory and benefiting as well from other related theories, seeks not
to create behavioral changes in students but to offer them the opportunity to gain knowledge
and skills (Ozmen, 2006). In line with these gains, new methods have been suggested for the
learning and teaching processes of the program in order to focus on the student and ensure his/
her active participation. One of these methods is the concept development technique. This is a
technique in which students are asked to explain their concept of certain statements presented in
progression in order of difficulty, to which they can answer as “I agree” or “I don’t agree.” They
are later asked to respond to a new proposition and then observed to find out whether their
concepts have changed. In general, the concept development technique is applied to the whole
class and students first express themselves. Later, however, they may either continue to defend
their concept or make a change depending upon the concepts accepted by their peers (Tas, 2011).
It can be said that concept development is a technique in which the student experiences the full
process of first expressing a view and then, in the face of a new concept that is presented, of
reviewing, thinking in depth, and then either accepting or rejecting the statement.

According to the constructivist learning theory, the most important element of both teaching-
learning processes and evaluation methods is the implementer of the school program —that is, the
teacher. In the modified program, the role of the teacher has been determined not as a transmitter
of knowledge but as a guide who directs students and creates the appropriate environment in
which they can gain knowledge and skills by themselves. With the change that was made in the
program, studies began to be conducted in order to probe into teachers’ attitudes, viewpoints
and interest toward the new techniques. It is known that teachers who have spent many years
implementing traditional methods of measurement and assessment have difficulty in changing
their accustomed conceptions (Lock & Munby, 2000; Saglam - Arslan et al., 2009). Studies show
that teachers are still in the process of adopting and implementing alternative measurement and
assessment techniques (Bayrak & Erden, 2007; Coruhlu-Senel, Nas, & Cepni, 2008; Coruhlu-Senel
& Nas, 2009; Gomleksiz & Bulut, 2007; Saglam-Arslan et al., 2009). Although it is seen that teachers
think positively about the functionality of new measurement and assessment techniques, they are
still confronted with various problems in the implementation (Cakir & Cimer, 2007; Coruhlu-
Senel, et al., 2008; Erdal, 2007; Metin & Ozmen, 2010; Saglam-Arslan et al., 2009).
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There are many studies that point out that teachers find themselves deficient and inadequate
in assessment techniques (Coruhlu-$Senel et al., 2008; Coruhlu-Senel & Nas, 2009; Gelbal &
Kelecioglu, 2007; Metin & Ozmen, 2010; Ozsevgeg, 2007; Saglam-Arslan et al., 2009; Senel, 2008).
It is reported that teachers come up against problems in using measurement and assessment
methods. Some of the problems teachers cite as the most difficult to overcome are crowded
classrooms, lack of time, and the preparation needed to work with measurement and assessment
tools (Coruhlu-Senel & Nas, 2009; Gelbal & Kelecioglu, 2007; Saglam-Arslan et al., 2009). It is
asserted that some of the fundamental factors that have an adverse impact on the implementation
of alternative measurement and assessment methods are not enough time, over-populated
classrooms and not enough accessible information about these methods (Saglam-Arslan et al.,
2009). Teachers who point to the time factor refer to the impossibility of reviewing the work of
all the students in the classroom in a single class hour and that under present circumstances, the
work of only one or two students can be read out to the rest of the class (Coruhlu-Senel & Nas,
2009; Gelbal & Kelecioglu, 2007).

It is important that contemporary technology is included in the content of the revised
science and technology program, which has been modified in an attempt to cater to contemporary
approaches and technological advances. It was because a technological dimension was added to
the curriculum, which was offered under the name of “Science” before 2004, that its name was
changed to “Science and Technology” (MEB, 2006). The close connection between science subjects
and technology as well as the fact that the curriculum was renamed to include technology in the
program has increased the importance placed on using technology in teaching. Researchers have
affirmed that there is a positive relation between constructivist learning theory and technology
(Burns, Heath and Dimock, 1998; Tag et al, 2011). Besides the structure of the science and technology
program, the importance of the use of technology in teaching the units in the curriculum has
been emphasized. Researchers have suggested the use of web-supported teaching to increase
productivity in science education and to ensure meaningful learning (Amadieu, Tricot, & Mariné,
2010; Baki & Mandaci-Sahin, 2004; Chuang & Tsai, 2005; Cepni, Tas, & Kose, 2003; Erginer &
Dursun, 2009; Gabbard, 2000; Gedizgil & Deryakulu, 2008; Simone, Schmid, & McEwen, 2001;
Tas et al.,, 2011, Tas, 2011; Wen, Tsai, Lin, & Chuang, 2004). Because technology is useful in setting
up lines of communication between teacher, student and parent and in increasing teaching and
learning competence and effectiveness (Wager, 1997), it is a valuable teaching aid.

In the light of the fact that technology is of significant help to the teacher, and considering
that teachers experience problems in using alternative assessment methods, it can be suggested
that the work of teachers can be facilitated by Web-supported alternative assessment techniques.
Again, it is believed that the positive impact that technology has on teaching and learning will
contribute to this facilitation. It was to explore these thoughts that Web-supported assessment
materials were designed for this study, through the inspiration provided by the concept
development method recommended by constructivist theory for teaching and learning processes
and the alternative technique of the descriptive branched tree which the same theory recommends
as a means of measurement and assessment.

It was decided that the Web-supported measurement materials that were expected to have
a positive effect on student achievement would be designed, implemented and their effects
evaluated, in the 6™-grade science and technology unit on “Matter and Heat” that was to be
covered over the period of the study. The present work is a report of the experiment conducted
with the materials developed in line with constructivist theory, one of the cognitive learning
theories and of the results attained.

Method

Science and technology curriculum for sixth grade students has a unit called “Matter
and Heat” which has a lot of abstract and difficult understandable concepts due to content
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characteristics (Tas et al., 2011). For constructing better understandings in this unit, a web-
supported material has been developed. This measurement and assessment material that was
inspired by the concept development and descriptive branched tree techniques, which are already
suggested by the curriculum, was designed to discover what the impact of such material on the
students would be. An experimental model was used for this purpose. The sample consisted of
62 (31 girls, 31 boys) sixth grade students in two different classes with the same sample number
of students who were taught by the same teacher. The big group was divided into two groups
as study/experiment group and control group without prejudice, on a random basis. The unit
on “Matter and Heat” was taught over a period of 4 weeks with classes convening four times
a week. Traditional teaching methods which are related to pencil-paper and chalk-blackboard
implementations were used in the control group but the study group was exposed to traditional
methods plus the Web-supported material developed by the researchers. An analysis was
made of the data obtained from the material whereby the frequency distribution of the status
of the students’ extent of learning was examined. The process was completed with the teacher
performing a last review of the part of the material where achievement levels were low. In the
experimental study, a program of education with the same content was offered to two randomly
selected groups using two different methods and the assessment of the effectiveness of both
methods was explored with the Independent Samples t-test (Aydede & Matyar, 2009).

The research employed data collection tools which had been tested for validity and reliability.
These tools were the following:

Concept Attainment Test

There are a lot of learning outcomes for each unit in Turkish Science and Technology
curriculum. The matter and heat unit is found in 6th grade science and technology textbook.
At this point, the unit's gains were analyzed and then test that measure the gains questions
were prepared. The test was multiple-choice and consisted of 25 items. Each item of the test
belongs to one or more acquires of the “Matter and Heat” unit. Each question on the test had
one correct answer and three misleading choices. The misleading choices were based on existing
misconceptions related with the unit in the literature. To ensure the content validity of the
questions of the test were checked by academicians, lecturers at science education subject area
and experienced science and technology teachers. To ensure the reliability of the test, a pilot
test was conducted with 28 students. To ensure the reliability of the test, a pilot test and pretest
were conducted with 28 and 62 students respectively. The results of pretest before the study
supported the results of pilot test in respect to reliability. The data obtained from data collecting
tool were treated item analysis, split-half method and Cronbach-a by means of SPSS 15.0. In the
item analysis, questions 4, 7 and 16 were removed from the test and replaced by new questions to
achieve item reliability. For these questions, it was applied to area experts and science teachers.
These questions had item difficulty index scores that were lower than 0.3 point. According to the
split-half method, the reliability of the test was found 0.86. Also, Cronbach’s Alpha Coefficient for
internal consistency was calculated as 0, 93.

Attitude Scale

A Science and Technology Curriculum Attitude Scale developed by Tas (2006) was used to
measure the students’ attitudes toward the science and technology program. The attitude scale
is a three-point Likert-type scale made up of 15 items. A pilot run was performed for the attitude
scale and the data obtained was analyzed with the SPSS 15.0 package program. The reliability
coefficient or Cronbach-a value was found to be .82 (Tas, 2006).

Material Design

The principles and strategies adopted by the constructivist learning theory were employed
in the design of the web materials. The materials were prepared with the help of the Adobe
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Flash CS4 program and the Adobe Dreamweaver CS4 Web editor. The Adobe Flash CS4 is widely
used to create striking applications using videos, graphics and animations. It is one of the most
advanced programs that facilitate working with both static and dynamic texts, transferring video
and sound files, creating animations and other rich and interactive creative content environments.
Besides producing both simple and high-speed animated designs, more advanced interactive
animations are created with the help of Adobe Action Script. An image of the material is shown
below:
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Figure 1. Web-supported alternative measurement tool question send interface

One aspect of the material that differs from existing assessment tools is the capacity of this
tool to reveal not only the level of general achievement but also individual achievement levels.
This aspect constitutes a similarity with the descriptive branched tree technique. In other words,
as with the descriptive branched tree method, this technique is capable of discerning from the
student’s response the route through which the student arrived at the answer. Since it is web-
supported, the tool is able to measure each learning achievement separately and the program
automatically sends the results to the science and technology class teacher in the form of electronic
mail. As the teacher reviews the results and evaluates students’ individual achievements, he/she
is able at the same time to ascertain the achievement of the entire class for each topic of learning.
The system provides feedback on which topics are difficult for the students, thereby helping the
teacher to plan for the last review of the unit. All the data obtained through electronic mail is
transmitted to Microsoft Excel 2010 program. They are analyzed by system.

This unit has total 16 learning outcomes under three main acquires. Three main categories
are gains with related to granular structure of matter and heat, propagation paths of heat,
technological measures of heat insulation. In this direction, the researcher developed total 48
questions as online, by taking into consideration from scientists, science and technology teachers.
These three questions for each acquire were created according to cognitive domain. Thus, content
validity was provided. Three different questions at each categories from hard to easy (such as
1.1, 1.2, 1.3,) were asked and two options were presented to the students in the form of agree and
disagree (Figs. 1 and 2). If the students answer the first question they pass to the next question.
Otherwise, they pass to sub-question (1.2). If also this question (1.2) is not answered correctly,
they move to the other sub-question (1.3).

The point scoring system of the test has followed this way: 10 points for each high-level
question, 5 points for each midlevel question and 2 points for each low-level question according
to cognitive domain of Bloom Taxonomy. A student has first seen the high-level one of a certain
acquisition (also acquisitions are in order from the lowest to the highest level), if she/he fails; the
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midlevel one comes and if the student fails again, the low-level one comes. If the student can’t
give a correct answer to the low-level question of the acquisition, he/she can’t get any points, but
he/she is allowed to go on the test, so he/she can see the questions about the other acquisitions.
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Figure 2. Web-supported alternative measurement tool send interface

The point at which the Web-supported measurement material is inspired by the concept
development technique is the way in which it gives the student the opportunity to agree or
disagree with a statement, later asking the student to focus on another statement and decide
whether to agree or disagree with this new premise. To soften the effect of a question and answer
format, the material was set up not as questions but as statements which necessitate not a “True”
or “False” answer but as a freely expressed “I agree” or “I disagree” response. This approach
was used in the belief that this method might enhance the extent of the students’ learning of the
unit. The format of the material is such that, if the student cannot give the correct response to
the first statement, a second and easier question on the same topic appears before them. In the
event they are again unable to provide the correct response, they are asked to focus on the third
and easiest statement on the same topic. If there is any student who could not respond correctly
to this last statement, that student is not removed from the test but directed to the first question
of the next topic. This sequence is charted in the student’s map and the teacher is made aware of
this with the feedback sent from the system. The program reports all results separately for each
student. All questions answered by the students are coded by the program according to question
numbers and these codes are followed until the end of the test. Thus, a road map is formed from
the first question to the end of the test as a visual. All the results are reported separately for each
student by the program. Realization level of gains related with the unit and follow-up success
for the students can be seen as on-line by teachers in both individual and class-wide by means of
feedbacks sent by the program.

Results

In order to examine the impact on student achievement of the Web-supported assessment
tool prepared for the teaching of the unit on “Matter and Heat,” the results of the pre- and post-
academic achievement tests were analyzed in both study and control groups.

Another aspect that was analyzed was how the Web-supported assessment tool prepared
for teaching the unit on “Matter and Heat” affected the attitudes of students in the science and
technology lessons.
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Results of the Concept Attainment Test

The pre-test results of the study and control groups are given below.
Table 1.
Results of the pre-testing of the independent samples t-test for study and control group

Tests ~ Groups  No. of Students Mean Standard Deviation t value )
SG 31 43.0476 15.2789
Pre-Test 0.545 0.589
CG 31 40.9524 8.7548

A review of Table 1 reveals that there was no statistically significant difference between
study and control groups in the results of the pre-test (t , =0.545, p>0.05). This indicates that the
study and control groups started out on a similar learning level.

The results of the post-test for the study and control groups are given below.
Table 2.

Independent samples t-test post-test results of concept attainment test for the study and control groups

Tests Groups  No. of Students Mean Standard Deviation t value )
SG 31 72.5714 15.609
Post-Test 3.197 0.003
CG 31 56.9524 16.045

A review of Table 2 reveals a statistically significant difference in the post-test results between
the study and control groups (t, =3.197, p<0.05). These results show that the achievement of the
study group students was significantly higher than that of the control group.

The Independent Samples t-test pre- and post-test results showing the differences between
the study and control groups are presented below.

Table 3.

Independent samples t-test pre- and post-test results of study and control group students on the concept
attainment test

Groups Tests No. of Students Mean Standard Deviation t value p
Pre-Test 31 43.0476 15.278
SG 6.194 .001
Post-Test 31 72.5714 15.609
Pre-Test 31 40.9524 8.7548
CG 4.011 .001
Post-Test 31 56.9524 16.045

A review of Table 3 reveals a statistically significant difference between the pre- and post-
tests of the study group students (t, = 6.194, p<0.05). It can be seen that the study group students
raised their pre-test achievement mean scores from 43.04 to 72.57 (t ,, = 4.011, p<0.05). The mean
achievement scores of the students in the control group rose from 40.95 to 56.95. The graph below
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Figure 3. Pre-test and post-test results of concept attainment test for study and control groups

It can be seen from the graph that the level of knowledge attainment of the study group
students is noticeably higher compared with the control group.

Results of the Attitude Scale related to the Science and Technology Courses

The pre- and post-test results on the Attitude Scale, used to measure students’ attitudes
toward the science and technology lessons are given below.

Table 4.

Independent samples t-test pre- and post-test results of testing study and control group students’ attitudes
toward the science and technology courses

Groups Tests No. of students Mean Standard Deviation t value P
Pre-Test 31 28.2381 1.72930
5G 0.560 0.579
Post-Test 31 28.5714 2.11119
Pre-Test 31 27.9048 2.14254
CG 0.426 0.672
Post-Test 31 27.6190 2.20173

A review of Table 4 reveals that no statistically significant difference existed between the
pre- and post-test results of the study group students in the measurement of their attitudes
toward the science and technology lessons (t, = 0.560, p>0.05). There was also no statistically
significant difference between the pre- and post-test results of the control group students in the
measurement of their attitudes toward the science and technology lessons (t ., = 0.560, p>0.05). It
can be seen that study and control groups showed similarity in their mean scores, both within the
respective groups and between the groups as well.

Results Obtained from the Web-Supported Material

A review of the status of the students can be made by setting out in tables the percentage of
correct responses that the students made in each topic in the teaching program and guidebook
for the “Matter and Heat” science and technology unit taught in sixth-grade elementary school.
The table below shows the results obtained from the use of the measurement tool with the study
group students and gives the teacher an idea about the general status of the class.
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Table 5.

Frequency distribution of data obtained from web-supported material

Students” achievement percentages by
degree of difficulty of statements

Main categories and students’ acquisition in matter and heat (1=Most difficult, ?;N{edium, 3=Least dif-
unit cult)

1 2 3 Failure
f % f % f % f %

Concerning heat and the molecular structure of matter, the students...

1.1 Arrive at the conclusion by observation that molecules of

matter move faster as they heat up. 28 % - - 3 10 - )
1.2 See the relationship between heat transfer between sub-
. . 28 909 - - 3 10 - -
stances and the collision of atomic molecules.
Concerning heat transfer, the students...
1.1 Can demonstrate heat transfer in solids. 27 8 3 10 1 3 - -

1.2 Identify solids that easily transfer heat as heat conductors. 28 90 3 10 - - = =

1.3 Identify solids that do not easily transfer heat as heat in- 2 9 3 10 - - } }
sulators.
1.4 Can conclude from everyday observations and experi-

ments that heat can be transferred without direct contact. woal e L . - B

1.5 State that heat can be spread through radiation. 28 99 - - 3 10 - -

1.6 Can explain why the earth’s surface grows cold at night. 30 97 1 3 - - -

1.7 Can explain why dark-colored objects heat up faster than 19 61 8 26 4 13 - )
light-colored objects.
1.8 Can explain why heat insulation materials have shiny

27 87 3 10 - 1 3
surfaces.

1.9 Can demonstratg Wl.th an experiment how heat spreads 21 68 4 13 6 19 - }
through convection in fluids.
Can distinguish how heat is transferred through conduction,

convection and radiation. S - B B B B B

Concerning the technological significance of heat insulation, students...

1.1 Can conjecture under which conditions insulation would

be needed. 24 78 6 19 1 3 - -

1.2 Can give an example of when conduction would be pre- 15 48 12 39 4 13 - :
ferred to insulation.

1.3 Can give examples of widely used insulation materials. 12 39 18 58 - - 1 3

1.4 Can explain the relationship between building insulation

X 26 8 4 13 1 3 = -
and energy consumption.
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Table 5 shows achievement percentages for each of the questions the study group students
were asked about each learning topic.

The table indicates the following for Learning Topic 1.1. At the end of the unit, all of the
students understood through observation that there is a direct relationship between the heating
up of substances and the way molecules move faster; out of 31 students, a significant majority
of 28 were able to respond correctly when faced with the most difficult statement at the first try;
the remaining 3 students answered correctly at the third try with the easiest statement. The fact
that there was no student who failed to record an achievement score provides feedback for the
teacher, indicating that the topic has been learned. Some striking points that stand out in the
table can be summarized as follows: Students had difficulty responding correctly at first try to
the statements set forth for Topics 2.4, 2.7, 3.2, 3.3 and most of the students who were not able to
answer correctly the first time did respond correctly to the second statement. The students who
could not answer the second question were asked a third (relatively the easiest) question on the
same topic. It was seen that all or almost all of the students were successful in their answers.
There were two students who did not provide the correct answer, one for Topic 2.8, the other for
Topic 3.3. The table thus provided the teacher with an indication of the level at which the topics
were learned —well, average, poor—and in which topics student achievement and learning was
lowest.

Discussion and Conclusion

In parallel with rapidly developing technologies, web-supported teaching techniques
have been steadily growing in importance and are now being used more frequently to achieve
increased productivity in science education and to ensure meaningful learning (Amadieu et al.,
2009; Baki & Mandaci-$ahin, 2004; Chuang & Tsai, 2005; Cepni et al., 2003; Erginer & Dursun, 2009;
Gabbard, 2000; Gedizgil & Deryakulu, 2008; Simone et al., 2001; Tas, 2011; Wen et al., 2004). The
conclusion has been reached that the Web-supported materials prepared for the unit on “Matter
and Heat” are significantly effective in teaching the students the topics of the unit. From this,
it is further deduced that classwork that makes use of the web-supported measurement tools,
inspired by the descriptive branched tree and concept development techniques, is more effective
than traditional methods of teaching. Web-supported teaching with this measurement tool took
place on computer which recent population of students is very familiar and good at using. Also,
the tool is able to teach and remind knowledges about the subject while asking questions. These
two properties are consistent with the new assumptions in learning: Assessment must take more
realistic and holistic forms” which is pointed by Gradinger (1996; p. 667).

Student gains are like a road map for teachers in terms of Turkish Science and Technology
curriculum. Learning and teaching processes is planned according to gains. To achieve this, the
mental state of the students according to constructivist pedagogy is of great importance to effective
science education such as pre-knowledge, incorrect information, and misconceptions (Cetinkaya
& Tas, 2011). As it is known, teachers use several methods with aim to determine mental state of
students before the start of the course such as class and group discussion, question-answer, brain
storming. In addition, it is known that these approaches are insufficient to achieve these gains.
Besides, other methods such as interviews, conceptual change texts, and graphical illustrations
are not mostly preferred by science and technology teachers. Because, these techniques take too
time. Also, teachers have not sufficient knowledge and skills to apply these techniques (Saglam-
Arslan et al., 2009). To overcome these difficulties, web-supported alternative assessment tool can
provide great convenience and flexibility by means of Active Server Pages (ASP) concerning both
individual and whole class.

This finding shows that the type of teaching material discussed here, which is in keeping
with constructivist learning theory, is also consistent with the “synthetic meaning” theory of
Vosniadu, the theory of “knowledge in pieces” of diSessa, the concept of “misconception repair”
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of Chi & Roscoe, and the sociocultural view of Ivarsson, Schoultz and Saljo (Limén & Mason, 2002).
According to these theories, conceptual change is not a sudden paradigmatic change of mental
construction, but to the contrary, a very slow process. To achieve the correct conceptual construct,
there is need for time, different contexts relative to the same concept, and multiple learning
environments (Limoén & Mason, 2002). The teaching material used in the present study had to
do with the theoretical concepts of matter and heat and was designed to treat every topic related
to these concepts. According to Maskill and de Jesus (1997), students aged 15-16 have learning
difficulties about heat and related subjects which depend mostly upon logical interconnections
in the subject. The teaching material has items for each gain categorized as difficult, normal and
easy levels for ensuring logical interconnections. Also, this is also because of the students who
aged from 11 to 12 and can be both at concrete and formal operation stages according to Piaget’s
theory of cognitive developments. A reference has thus been made to each basic concept that
forms the foundation of the conceptual ecology and coordination class of theoretical concepts,
providing students with different contexts and a variety of activities from which to benefit.

It can be seen that the prepared web-supported material did not have an effect on the attitudes
of students toward the science and technology lessons. This was an expected outcome due to the
fact that the assessment was made in a relatively short time. There are many studies that report
that attitudes, one of the elements of emotional learning, are difficult to change in the course of
a few weeks (Ersoy & Bayram, 2004; Lim, Lee, & Grabowski, 2009; Tas, 2006; Cetinkaya & Tas,
2011). In this sense, the findings of the present study are consistent with the results of previous
research. Though there seems like no effect on the attitude, there can be in the future because
of the experience. It is frequently emphasized by constructivist researches that making direct
connections between subject and object is very important. This has a meaning called learning
with own first-hand experiences or learning by doing as Dewey (1938) mentioned both.

A look into the results obtained from the web-supported material shows how the material
can be helpful in terms of determining status in order to map out teaching plans. The table
obtained at the end of each topic is useful to the teacher in the review made of the particular topic,
providing a key as to which aspects of the topic still have to be the focus of attention. It can be
said that this characteristic of providing insight into the process of teaching is a common quality
of techniques of alternative assessment.

The teacher’s views are another important aspect of the alternative assessment techniques
that provide feedback to the teacher. It is known how difficult it is for teachers who have
worked for many years with traditional approaches of measurement and assessment to change
their concepts of teaching (Lock & Munby, 2000; Saglam-Arslan et al., 2009). Studies have
shown that teachers are still in a process of adaption as regards adopting and implementing
alternative approaches to measurement and assessment (Bayrak & Erden, 2007; Gomleksiz &
Bulut, 2007; Coruhlu-Senel & Nas, 2008; Coruhlu-Senel et al., 2008 ; Saglam-Arslan et al., 2009).
Saglam-Arslan et al., (2009) have reported that teachers have positive thoughts about the use
of alternative measurement and assessment tools but that they worry at the same time about
lack of time, having to deal with an overpopulated class, and not having enough information
about the alternative methods. Another finding that is frequently reported is that teachers have a
positive view about the functionality of the new measurement and assessment tools but that they
encounter certain problems in the implementation (Erdal, 2007; Cakir & Cimer, 2007; Coruhlu
Senel et al., 2008; Metin & Ozmen, 2010; Saglam-Arslan et al., 2009). Coruhlu-Senel & Nas (2009).
The issues indicated to be the most problematic for teachers are crowded classrooms, lack of time,
and the difficulties involved in the preparation of measurement and assessment tools (Coruhlu-
Senel & Nas, 2009; Gelbal & Kelecioglu, 2007; Saglam-Arslan et al., 2009). It is believed that Web-
supported measurement materials are important in terms of presenting to teachers a practical
means of utilizing alternative measurement and assessment techniques. These tools, prepared
in line with constructivist theory, a branch of cognitive learning theory, are clearly seen to make
a significant contribution to class achievement. Besides increasing academic achievement, the



208 EROL TAS, MURAT CETINKAYA, CIGDEM KARAKAYA
ve ZEKI APAYDIN

technique has also been designed to address the problems identified by teachers as lack of time,
overpopulated classrooms and inadequate knowledge about alternative methods. The time saved
by a simple ten minutes spent at the computer, the convenience of being able to implement the
technique individually in computer-equipped classrooms, the fact that the teacher needs only
to know how the program works in order to implement the method are all part of the essential
design. These qualities, as well as the capacity of the program to present the results to the teacher
in report form, constitute the strong aspects of using web-supported material in the classroom.

The web-supported measurement material designed and prepared for use in the
elementary school 6™-grade science and technology teaching program for the unit on “Matter
and Heat” can be recommended for adaptation to and use in other class levels, other courses or
topics. Materials designed for the web that would cover a wider scope of measurement and that
would encompass all science and technology topics would be of great benefit in encouraging
teachers to use alternative measurement and assessment tools, which at this point they refrain
from using for a variety of reasons. The research results show that the use of web-supported
materials leads to higher achievement compared with traditional methods and that therefore,
such materials should be used more in teaching. This study of Web-supported material has
interpreted feedback results. The teacher can obtain an important road map in how to proceed
with the teaching program if this process can be undertaken at the beginning of the teaching
program. The use of this material is also recommended in the light of the benefit that it provides
in this aspect. In the light of information obtained from this study, the research can be accepted
as the first study including web-supported branched tree technique in alternative measurement
and assessment. However, because of insufficient sample, the study should be repeated on a
larger sample.
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