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Abstract

This study was carried out to identify the level of Science and Technology student teachers’ science process
skills and to determine how efficient I diagrams are in developing these skills. The corpus of the study was
consisted of 40 science and technology student teachers who were having Instructional Technologies and
Material Design course during the 2009-10 academic years at Amasya University, Faculty of Education. The
study was conducted as a basic experimental design. A science process skills test was applied on the student
teachers as pre-test and post-test, then the points they got from each test were compared. During the study, the
student teachers developed I-diagrams on science topics with the guidance of their supervisors. The results
revealed that the student teachers had problems with the pre-tests, and especially with the integrated process
skill. At the end of the study it was observed that the student teachers’ skills on developing I-diagrams were
increased as well as their integrated process skills problems were disappeared. Accordingly, it was concluded
that I-diagrams were important for the acquisition and development of science process skills.
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Introduction

Inquiry-based activities have been using in science classrooms at all educational levels.
Science process skills are beneficial in that students can realize by participating in inquiry in
the science laboratory. Science process skills are inseparable in practice from the conceptual
understanding that is involved in learning and applying science. Classroom studies on
scientific reasoning have centered on the basic and integrated science process skills over the
past three decades; many researchers have focused their attention on these skills (Germann &
Aram, 1996a; Harlen, 1999; Brotherton & Preece, 1995). Basic science process skills are
(BSPS): Observing, classifying, measuring, and predicting. These skills provide the
intellectual groundwork in scientific inquiry, such as the ability to order and describe natural
objects and events. The ability to use BSPS is attributed to the ability to perform empirical-
inductive reasoning or Piagetian concrete operational reasoning (Beaumont-Walters &
Soyibo; Germann & Aram, 1996a; Eilam, 2002). Integrated Science Process Skills (ISPS):
identifying and defining variables, collecting and transforming data, constructing tables of
data and graphs, describing relationships between variables, interpreting data, manipulating
materials, recording data, formulating hypotheses, designing investigations, drawing
conclusions and generalizing. The ISPS are the terminal skills for solving problems or doing
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science experiments. The ability to carry out ISPS is attributed to hypothetico-deductive
reasoning (Piaget’s formal operational reasoning; Beaumont-Walters, & Soyibo; Germann &
Aram, 1996a; Huppert, Lomask & Lazarowitz, 2002).

Science process skills are special skills that simplify learning science, activate students,
develop students’ sense of responsibility in their own learning, increase the permanency of
learning, as well as teach them the research methods (Carey, Evans, Honda, Jay & Unger,
1989; Korkmaz, 1997; Karamustafaoglu, 2003). Besides, they are the thinking skills that we
use to get information, think on the problems and formulate the results. They are also the
skills that scientists use in their studies. According to Bredderman (1983), they are cognitive
skills which are used to understand and develop the information. These skills are appropriate
for all science fields, and they reflect on the correct behaviours of scientists while they are
solving a problem and planning an experiment. They also constitute the essence of the
thinking and research within science. It is more important for the students to learn how to
apply science than learning reality, concepts, generalizations, theories and laws in science
lessons. Therefore, it is necessary for them to pick up the habit of science process skills.
These skills are considered to be efficient in learning and teaching, engage a significant place
in various countries’ teaching programs. Such as ‘Science-A Process Approach’ (SAPA)
developed by the American Association for the Advancement of Science between 1963 and
1974. In this approach, the teaching of science process skills was specifically focused on in
elementary and high school science curricula (Preece & Brotherton, 1997).

The studies on developing programs on teaching these skills to students efficiently
began in 2000s in Turkey. It was highlighted that these skills should be included in the
teaching programs. When the acquisitions of the students who are having the Elementary
Science and Technology Program were investigated by the researchers it was found that the
skills such as predicting, hypothesizing, identifying and controlling the variables and
recording the data were not sufficient (Tasar, Temiz & Tan, 2002). In order to have them to
acquire the related skills, the teachers who are conducting these lessons should also have these
skills. When the teachers have and believe in the effectiveness of these skills it will be much
easier for the students’ acquisition and habit-formation.

At research based science labs, the development of science process skills enable
students to construct and solve problems, critical thinking, deciding and finding answers to
their curiosity, rather than having the students to memorize the concepts (Rehorek, 2004;
Germann & Aram, 1996b). Science process skills construct the framework of research based
lab applications. With the research based lab activities, students are able to learn
meaningfully, use science process skills and familiarize with the process of how they
construct the information they got at science lessons. The problems solved in this way enable
the apprehension of scientific method and process skills. In order for the research based
science labs to be impressive, effective lab environment should be developed. In the studies
carried out for the efficacy of lab applications, it was determined that the advantages stated
above were not accessed, and that the students couldn’t use the science process skills during
lab applications and couldn’t acquire meaningful learning experience (Hoffstein & Lunetta,
1982; Nakipoglu & Merig, 2000; Nakipoglu, Benlikaya & Karakog, 2001).

In his study on the efficiency of labs as a learning environment, Nakhleh (1994)
evaluated the efficiency of lab applications in terms of the Constructivist Learning Theory.
According to the findings of this study, students couldn’t configure their knowledge during
the lab applications and couldn’t achieve meaningful learning. He explained this finding that
the students and teachers were affected by the lab environment prepared by the others and this
complex environment led them to memorize rather than to learn.
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Therefore, in science education through scientific research, teachers have the mission
for facilitating the necessary learning environment such as active participating, integration to
life, meaningful learning, developing science process skills, taking responsibility of their own
learning. For this purpose, several approaches, methods, techniques and materials which are
considered to be effective by many educationalists have been advised. One of these materials
is I-diagrams.

Inspired by Gowin’s Vee diagrams, [-diagrams were developed by Philips and Germann
(2002). I-diagrams are the materials of application and evaluation that enable the students to
comprehend the scientific researches thoroughly and organize the experimental activities
which used science process skills. It aims to help students and teachers to run the research
correctly, to connect the research question with the daily life, to uncover the previous
knowledge of students, and to transfer to a new research question at the end of research.

As stated above, the most effective person that enables students to gain science process
skills is the teacher. It is crucial for the teachers and student teachers to acquire these skills at
the desired level. Science student teachers of the future who educate their students with these
skills will help to grow up the future’s scientists.

Purpose

This study has two purposes. The first is to identify the level of science process skills of
student teachers, and the second is to determine how efficient the I-diagrams are in
developing the student teachers’ science process skills.

Research Questions

(1) Is the level of performance of some science student teachers on a SPST (Science
Process Skill Test) satisfactory or not?

(2) What are the factors that influence the skills to develop the I-diagrams, and the
points they have difficulty in this process? Science student teachers develop the
skills I diagram of the factors affecting and what are the difficult points in this
process?

(3) What is the efficiency of developing and using I-diagrams in the acquisition of
science process skills?

Method
In this study, a basic experimental study using pre test and post test was designed.
Sample

In this study, 40 science and technology student teachers participated. They are at the 31
grade, having Instructional Technologies and Material Design course during the 2009-10
academic years, fall semester at Education Faculty of Amasya University.

Instrumentation and Analysis

Science Process Skill Test (SPST): SPST was used to identify the extent to which the
student teachers have science process skills before the study, and how far they are able to
apply these skills, as well as the extent to which they acquired the skills related to the
development of I-diagrams.

The science process skills test which was developed by Enger ve Yager (1998) was
translated into Turkish by the researchers, and was applied to 300 students with similar
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characteristics to provide the reliability of the study. After excluding the items whose
reliability was low with the ITEMAN program, the test got its last version with 31 items.

The content reliability of the test was justified according to the views of the scholars,
and KR-21 reliability coefficient was found to be 0.81. The test consists of 31 items; the
questions cover 2 observations, 3 classifications, 6 assessments and using numbers, 3 space-
number relationships, 3 predictions, 3 controlling the variables, 2 data interpretations, 3
hypothesizes, 2 experimentations, and 4 deductions. This test was applied to the student
teachers as pre-test and post-test. The findings were presented within tables after the
calculation of means and the standard deviation of student teachers’ answers for pre-test and
post-test. Also, the answers given for each answer and for each science process skill on the
pre and post test were examined one by one, and their frequencies and percentages were
presented within the tables.

Procedure

The study was carried on during the Instructional Technologies and Material Design
course which covers 2 theoretical and 2 application hours. In this course the students are
aimed to gain the knowledge and skills on developing, application and evaluation of teaching
materials. In the first step of the study SPST was applied as the pre-test, and then analyzed to
determine how fat the students know and can apply science process skills. Then, the
information on how the I-diagrams developed by Phillips and Germann in 2002 were
organized, how and for what purpose they were used in teaching and their advantages and
disadvantages were instructed by the supervisors during the eight hours were taught to the
student teachers.

The developmental steps of I-diagrams were summarized below:

I-diagrams consist of two pages (see Appendix—1). The first page of the material
included sections that covered the steps of scientific research, and the second part included the
tables to record the notes related to the current research and the experimental drafts for further
research.

Since the first page’s shape resembles the letter ‘I’ this material is called the I-diagram.
The left part of the diagram whose middle section in the first page is in the shape of ‘I’ is
organized to include the planning and theoretical side of the research while the right part
includes the method. In the main part, there are arrows which help the students to follow
while making research. The arrows are top down at the left part, and bottom-up at the right
part. Students who follow these arrows respectively design and complete their research.
Above ‘I’ there is a research question which was raised from the question ‘why’. In the main
part of ‘I’, there are sections answering to the research questions such as foreknowledge,
logical debate (hypothesis, experiment, prediction), experimental design (dependent,
independent and control variables), process steps (occurring independent variables, recording
the answers of dependent variables, experiments and manipulations), collecting data (tables),
transforming the data (calculations and graphics), results (claims on knowledge, evidence and
decision) and new knowledge (new experience and research).

The causative questions that form the fundamental question that guides the research and
information and applications related to this question are also included. Asking questions
requires high level skills. Students who make use of ‘I' devise, begin the work with asking the
correct and meaningful questions which will direct their scientific research. After that they
revise their previous knowledge related to the questions they asked. In the logical discussion
part, related to the answer of the research question, the students develop testable hypotheses
based on their experience. Later, they are able to predict about how they realize the
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experiment easily. In the experimental design section, the variables of research are
determined. In this way, the students design and do the experiment by taking into account the
hypothesis and the variables in it. The left side of ‘I’ devise that covers the methodological
part begins with the data collection part. The experimental data gathered from the assessments
and observation during the experiment is recorded in this part.

The transformation of the collected data into the graphics, mathematical calculations
and equations and other operations were performed at this stage. In this way, the data that
answer the research question are formed. In the conclusion part of ‘I’ devise, the students
comment on the data that they got from the experiments they did to test the experiments and
transformed to the correct form. The hypothesis is either justified or refuted based on these
conclusions. Another alternative is to re-plan the design, apply it and to come up with
conclusions by changing the hypothesis. If the results of their research justify the hypothesis,
the students prove their knowledge. They decide on the result of their research based on their
proof. In the new information section of the upper part of the left side, the students account
for the new information and experience that they have learnt from their research. The tables in
the back page of I diagram focus on the experimental process and results that direct the
students towards a new research design by making use of the information obtained from the
research. These tables are in the form of two columns. At the top of the left table one can find
information about the student, date and research title, and at the bottom one can find the
previous knowledge, the why question and the dependent and independent variables. The
right column includes the potential experiment errors and limitations section where the
learners write the limitations of the experiments and list their experiment errors to avoid from
their previous mistakes. The most important step of I diagrams is the daily life integration
level which places under this column and shows how to relate and integrate the new
information to the daily life. After completing this process, in four lesson hours, science and
technology student teachers were given the I-diagrams which were previously developed by
the lecturer to examine and evaluate. In this way, the student teachers are helped to improve
their I-diagram developing skills.

After this step, for the group work study, 8 groups were formed by the student teachers,
each containing 5 students. Each group decided on a topic to develop an I-diagram for the
Primary 6th, 7th, and 8th grade Science and Technology lesson. The topics focused on the
ones which the primary students have difficulty in understanding and have conceptual errors.
The student teachers were given some time to determine these conceptual errors, and to
review the literature. At the end of this time, the topics were determined as ‘Matter and Heat’,
‘Physical Change’, ‘Chemical Change’, ‘Pressure’, ‘Food Chain’, ‘Grow and Evolution’,
‘Acids and Bases’ and ‘Electric’. Each group explicated their literature knowledge and the
reasons of developing I diagrams related to their topics. After this step, the student teachers
identified a problem statement about their topics. This problem statement was transformed
into an interesting and intelligible ‘why’ question. The advance information that form a basis
to the solution of these questions, and the related theories, principles, concepts, and if exists
analogies were searched. Next, the hypothesis was determined, and the possible experiment
results were predicted. Dependent, independent and the controlled variables which may
influence the experiment were stated. The experiment and operation steps were performed as
group work. Each group made the data intelligible by calculating and drawing tables and
figures on the data they got from their experiments.

After data analysis, the groups arrived at a decision by presenting their experiment
results with the proofs according to their knowledge assertions. The new information was
related to the newly gained one, and new problems and questions were formed, so that the
students become ready to order the first and the second pages of I diagrams. In the light of this
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information, the student teachers developed I diagrams and presented them to their friends.
During the presentation, the I-diagrams were examined through the group discussions. The
missing or problematic points were identified and some time was given to make the necessary
corrections. After that the Science Process skill which was applied as pretest was applied as
post test, and was analyzed.

Results and Discussion

The pre-test and post-test frequencies and percentages of the answers that student
teachers gave for each item of basic process skills of the science process test were presented
in Table 1.

Table 1. The distribution of the answers that Science and Technology student teachers were
asked to assess basic process skills in the Science Process Skills Test applied as
pretest and post test

) . i Pre-test Post-test
Science Process Skills Basic Item F % F %
) 1 35 87.5 38 95
Observation 5 3 %5 36 90
1 30 75 35 87.5
Classification 2 28 70 38 95
3 30 75 39 97.5
1 40 100 40 100
2 38 95 40 100
Testing and Using Numbers 3 39 275 40 109
4 32 80 38 95
5 35 87.5 38 95
6 36 90 39 97.5
Construct S Numb 1 25 62.5 38 95
Rggiiﬂf g Space-Aumber 2 28 70 37 92.5
3 30 75 38 95
1 20 50 36 90
Prediction 2 18 45 38 95
3 15 37.5 36 90

As seen in Table 1, when science and technology student teachers’ answers the
questions of basic process skills pre-test were compared it was found that they had difficulty
in predicting the results of the experiment. %37.5 of the participants gave correct answers.
Among these questions they could give correct answer to the first question most (%50).
Connecting space-time relationship is another skill that participants had difficulty. %62.5 of
the student teachers answered the first question correctly while %75 of them answered the
third question correctly. When compared with the other basic processes this value is
considered to be low. The level of correct answers to the questions on assessment and using
numbers is the highest level which is followed by observation and classification skills
alternately. When the answer given to the questions assessing each skill are investigated it
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was observed that the student teachers’ skills on observation, classification, assessment and
using numbers at the desired level whereas their connecting space-time relationship and
predicting skills are not adequate. The reason of this can be explained by the fact that
predicting and connecting space-time relationship skills are more abstract than the others.
Accordingly, one can conclude that the student teachers’ thinking skills such as interpreting,
guessing the results of events, and predicting are not adequate. This finding is not surprising
as the old Science Curricula and the programs of other lessons are teacher oriented programs
which are not connected to the daily life and require the students to have good memorizing
skills. The participants of this study were grown up with these programs. The questions of
TIMMS Project were applied on the g graders in our country in 1999, and found that many
skills of students including thinking and interpreting were not developed.

The post test findings suggest that I-diagrams are effective in developing student
teachers’ scientific process skills. Among the basic process skills, prediction and making
space-time relation were found to develop according to the post-test results. In Table 2 it is
seen that the answers to the questions assessing these skills raised from %37.5 to %90. The
development of their science success in literature, it is emphasized that it is important the
student teachers to gain scientific process skills about concepts and the correlation among the
concepts (Preece & Brotherton, 1996; Harlen, 1999; Phillips & Germann, 2002). The
importance of I diagrams in developing these skills is also highlighted in the literature
(Phillips & Germann, 2002; Zele & Wieme, 2004; Bilgin, 2006). The pre-test and post-test
frequencies and percentages Table 2 present the science and technology student teachers who
answered every item to evaluate their Integrated process skills in the science process skills
test.

Table 2. The distribution of the answers that student teachers were asked to evaluate their
integrated process skills in the Science Process Skills Test applied as pretest and

post test
Integrated Science Process Skills  Item Pre-test Post-test
f % f %
) 1 15 37.5 36 90
To make experiment > 3 15 33 95
1 10 25 37 92.5
To hypothesize 2 9 22.5 40 100
3 12 30 38 95
1 8 20 35 87.5
To identify and control variables 2 15 32 80
3 10 25 38 95
' 1 10 25 40 100
To interpret data > 2 20 33 95
1 6 15 35 87.5
‘ 2 10 38 95
To obtain results 3 2 20 36 90
4 12 30 40 100
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As seen in Table 2 the student teachers were found not to comprehend or apply the
integrated process skills thoroughly. According to the findings of pre-test, the skills in which
the student teachers are least successful are hypothesizing, identifying and controlling the
variables, and interpreting data. Making experiment is their most successful skill among the
integrated science process skills. However, when this skill is compared with the basic process
skills it is seen that they are not adequate in this field, either. When the answers related to the
skills on inference and determining and controlling the variables are examined the
percentages are seen as %10 and %15 respectively. Experimenting skill is at the highest level
with %45. When the pre-test basic process and integrated process skills are compared it can
be stated that the student teachers are not as successful in incorporated process skills as they
are in basic process skills. It is thought provoking to see that the students at second level in
primary schools didn’t have such skills.

When the data obtained from the pre-test was examined it is seen that the skills which
the students have trouble most are the upper level, namely, integrated skills. The student
teachers were found not to be in the desired level on hypothesizing, determining on the
experiment, identifying and controlling the variables that influence on the experiment,
commenting on the data and concluding. There also found deficiencies on predicting and
contacting space-time relationship skills which are also basic process skills.

As stated above, the programs applied in our country before 2000 were teacher oriented
that made use of the narrative method and did not give enough place to the labs. Therefore, it
is an expected situation to observe student teachers with inadequate skills who were educated
under such a teaching mentality.

When the post-test findings were evaluated it was found that the participants improve
the skills that they were not succeeding in pre-test. They answered correctly %95 of the
inference and interpreting data skill, %90 of the determining and controlling the variables
skill, and %100 of the hypothesizing skill. This finding shows that the application realized
with the I-diagram is effective. They not only succeeded in basic process skills but also in
developing the integrated processes. It is right to state that I diagrams are effective in learning
conceptually as well as acquiring science process skills and forming as behavior.

Some problems were seen in the previous studies on students and student teachers about
teaching and improving the integrated process skills, but at the same time these problems
were eliminated in these studies with the I-diagrams. (Simsek, 2010; Ates, 2005; Bowen &
Roth, 1999).

Conclusions and Implications

For the past several decades, science educators have focused attention on the basic and
integrated science processes. Science process skills are crucial for meaningful learning;
because learning continues throughout the life, and individuals need to find, interpret, and
judge evidences under different conditions they encounter. Therefore, it is essential for the
students’ future to be provided with science process skills at educational institutions (Harlen,
1999). If these skills are not developed sufficiently, students cannot interpret the knowledge.
For example, if the related evidence is not collected, collected concepts will not help students
to understand what takes place (Tobin, Kahle & Fraser, 1990). For this reason, the basic target
in science classes should be teaching students how to attain knowledge rather than passing the
convenient knowledge.

The related literature reveals that studies on science process skills have begun to be
studied from 1960s, and become widespread in our country in 1990s and 2000s. Besides, in
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1999, in the study of TIMMS, the subfield of science was also defined, and an examination
was prepared consisting of three fields, and 38 countries translated and applied this
examination to their student samples. The study was not restricted to the examination; in
order to compare the participated countries more comprehensively, data were collected
through questionnaires from students, and through lesson applications from teachers and other
administrative.

When the questions were examined it was found that there is great importance in
assessing the science process skills. Turkey was the 33" of 38 countries, and was below the
international mean with a significant difference as a result of the statistical comparison. It was
found that the students in our country don’t have the eight skills. Among these skills science
process skills stands in the first rank. Therefore, in the year 2000, a new science and
technology teaching program was developed and applied bearing in mind the fact that the
students should be more active. On the other hand, in 2004, the science and technology
teaching program was improved as the science process skills was thought to be inadequate in
terms of the nature of science and Science-Technology-Society relationship. One of the
fundamental goals of this program is to bring up individuals with science literacy. However,
the teachers who bring up science literate individuals should also have the skills that require
science literacy. It is easier for the individuals who make the habit of science process skills to
get their students to comprehend the science process skills. It is a real problem to teach these
skills to those who have brought up with teacher oriented program and don’t have these
abilities. However, with the help of I diagrams which were argued to be effective (Phillips &
Germann, 2002) in the present study, were developed by the student teachers related to some
areas of science. Here, the aim is to enable the student teachers to comprehend the relevant
subjects and concepts well, and to realize the development and application of science process
skills which constructed the main aim of the study. The findings show that we attained this
aim. Accordingly, it is concluded that the student teachers have acquired and improved the
science process skills when I-diagrams are developed towards science topics and concepts.

It is highly recommended that in order for the teachers to acquire and give importance
to these skills, studies on I diagrams should be done in in-service courses and
implementations should be done on the importance of science process skills. Similarly, it is
advised to the teachers to use I-diagrams in their lessons to teach and improve their students’
science process skills.
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TO CARRY OUT THIS RESEARCH;

Define the conductor concept.
Test the hypothesis.
Apply in daily life.

Appendix 1
>
=
s
S
o s~
s 3
= > WHAT IS THE BEST CONDUCTOR? > %
3 =
=)
%]
=
=
Foreknowledge: - New information: -
& Good heat conductive material is | |3 | [&' | Good heat-insulating material )
3 conductive substances. According to § f is called retardant substances. f
E different periods of time to transmit the s E’ E’
g heat conductivity of substances is | |21/ |3 =
g determined. e 2 2
= M= :
Hypothesis: Information claim:
Solid fat at the end of a metal spoon Therefore, the type of
melts in a short time, whereas solid fat at materials affects heat
the end of a wooden spoon takes longer conductivity.
to melt.
° Experiment: . Evidence:
= And if melting fat in metal spoon | | Because, fat at the end of a
§ observed as soon as possible, also 5' Z | metal spoon melts earlier. z
= melting fat in wooden spoon observed o Z z
;")b after a longer period of time. S | IF @
3 Prediction: = Decision:
When heated it is expected that fat at the A metal spoon is better heat
end of metal spoon melts earlier. transmitter than a wooden
one.
Description Independent Variable Data Transformation
Conditions Kind of substance /_a
Essays = | o -
< -4
& o
Description Dependent Variable 5 = ﬁ
. . . 3
- Melting period of solid fat & = | period=2 min. o
o0 - = o
% £ g
= Listing Fixed Variable = E ~ =
— ==L s ] \
*E and Given heat | = =
. e = e 2
@ | Description = ~ =
£ P ke S
£ e 3
3 . s
e period=45 sec. =X
S
= =
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Title:

What is the best conductor?
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Foreknowledge:

Good heat conductive material is conductive
substances. Conductivity of material is determined
according to different periods of time to transmit

heat from substances.

Possible Experimental Errors:

1.Substance conductivities are close to
each other.
2.Experimental environment is inadequate.

The question of why:

What is the cause for solid fat at the end of a metal
spoon to melt earlier fat at the end of a wooden

Integration of Daily Living:
Being aware the heat conductive
materials can be used more easily.

spoon?
mpe.mﬂ Independent variable
variable
Melting time of fat Kind of substance

Limitations:

Conductivity of the materials can be used
in close. Therefore, the experiment does
not occur fully.

38




