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females) prospective teachers who studied in
Mathematics Education Program at Firat University,
Education Faculty, and were selected by simple
random sampling method. "Visual Mathematics
Literacy Perception Scale" and "Geometry Success
Test" were employed in this study as data collection tools. Correlation analysis and multiple
regression analysis were used for analyzing the data.
Findings: After the data were analyzed, it was determined that there was a positive
relationship between the visual mathematics literacy perception and geometry success of
prospective teachers. It was also determined that visual mathematics literacy perception is a
meaningful predictor of geometry success.
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Introduction

The standards put forward by the National Council of Teachers of Mathematics
(NCTM) in the USA aim to train prospective teachers as mathematics literate, while
one of the primary goals of mathematics education in primary school mathematics
curriculum published by the Turkish Ministry of National Education (MoNE) in 2013
is to achieve this (Ministry of National Education [MoNE], 2013). Traditionally,
mathematics education has been very procedure-based. Over the past decade,
international mathematics reform has placed more emphasis on literacy competencies
and their links with mathematics learning. This shift, which has influenced both
pedagogy and curriculum expectations, has increased the overlap between literacy
skills and mathematics learning in instructional practice (Ontario Ministry of
Education [OME], 2004). Children's and teens' ability to learn mathematics, and their
awareness of mathematical thoughts may only be achieved by verbal, numerical,
visual, symbolic and written communication in mathematics. In fact, “mathematics for
everyone”, “mathematics literacy perception” and “improvement in mathematics”
have gone beyond being just slogans, and become one of the primary goals, and this
constituted a field of education and research that every community should invest it.

Mathematics Literacy

Literacy was described by Karunaratne (2000) as the individuals' ability to
maintain their life in their community, having enough reading-writing skills to
communicate within the community, and being able to apply basic mathematical
operations. It is seen that the concept of literacy is related to the area of mathematics
by its definition. Therefore, the concept of literacy has gained a place in the
mathematics literature.

Mathematics literacy is described as individuals' awareness and understanding of
the role of mathematics in the real world, and having judgements based on solid
foundations and usage of mathematics to meet their needs as a sensitive citizen
(MoNE, 2013). In that case, it can be said that mathematical literacy is not only knowing
mathematical concepts and solving routine problems, but also identifying oneself with
mathematics (Colak, 2006). It was aimed that students should be trained as
mathematically literate by standards asserted by NCTM of America and main
objectives of mathematics education in the 2005 Primary Education Mathematics
Education Program (NCTM, 2000). Individuals with mathematical literacy
competence can keep the mathematical concepts in mind, transfer mathematical skills
into daily life, and use the mathematical information in analysis and synthesis
situations. In this view, for individuals to have mathematical literacy competence,
some basic competency and skills about mathematics should be gained (Bekdemir &
Duran, 2012). Mathematical literacy is closely related to literacy. While literacy is the
foundation for all learning, mathematical literacy is also necessary if we are to fully
understand information that surrounds us in modern society (OME, 2004, p. 23).
Mathematics learning cannot occur without a strong literacy background. Early
recognition of written and spoken letters and numbers are important stepping-stones
for later development of math abilities (Cappelli, 2015). In this context, mathematical
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literacy can be defined as a type of literacy that involves the use of critical thinking,
reasoning, and mathematical thinking skills in solving real-life problems and
strengthening the individual in mathematics field. When the literature is examined, it
is possible to come across studies that indicate the importance of mathematics literacy
for teaching processes and learners. Gatabi, Stacey and Gooya (2012) see mathematical
modelling as the key process in mathematical literacy. In some of the studies
conducted in the field of mathematics literacy, researchers focused on mathematics
literacy levels of mathematics teachers (Demir & Altun, 2018; Tekin & Tekin, 2004). In
other studies, the effect of mathematics literacy on variables such as gender (OECD,
2004; Ozgen & Bindak, 2011) or academic achievement (Kocaarslan & Celikturk, 2013;
Tat, 2018) was examined.

Math and Visual Perceptions

Visual perception is the ability to notice visual stimulants, distinguish them and
decipher these stimulants by associating them with previous experiences (Frostig,
1968). According to Kavale (1982), visual perception is related to the ability of the
individual to organize his/her skills and interpret them. When visual perception skills
are analyzed, it is seen that they are generally divided into sub-categories such as
visual discrimination, visual figure ground, visual closure and visual memory
(National Educational Psychological Service [NEPS], 2015). Additionally, it is seen that
other skill types such as establishing spatial relationships as well as visual memory
and visual discrimination are in a strong relationship with mathematics skills (Olkun,
Altun & Deryakulu, 2009). According to Coley and Gelman, perceptual stability,
which is closely related to both mathematical and visual perception, is a subject that is
important throughout the lives of human beings. This is because human beings are
faced with a constantly changing perspective. When we get closer to objects, the size
and shape of the objects change according to the changes in our position. When we
turn or raise our head, our harmony with our environment also changes. Our eye
movements cause similar changes, but the environment is perceived as stable thanks
to perceptual stability. The information that a triangle is a triangle, even if its location
or position is changed, is related to both mathematical and visual perception. When
mathematical skills are analyzed, it is seen that visual perception processes are
necessary for usage and improvement of many skills (Erden & Akman, 1995;
Sigmundsson, Anholt, & Talcott, 2010).

Geometry Learning Field

Although geometry is one of the primary fields of mathematical learning, the
cognitive processes underlying the academic success in geometry are not examined in
detail. Visual literacy and visual mathematics literacy concepts have emerged as a
result of the relationship between the geometry learning area and cognitive literacy
skills. Beauchamp, Braden and Baca (1994) argue that visual literacy is the fourth
element of the general education in the modern world following reading, writing and
arithmetic. Additionally, the reason why visual literacy is of great importance in terms
of general education is explained in four items: First, the concept of visual literacy
requires using the right hemisphere of the brain, which is of great importance for the
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development of human beings. Thus, usage of both hemispheres of the brain in
thinking process reinforces holistic thinking. Second, the concept of visual literacy
makes it possible to understand abstract thoughts in the left hemisphere of the brain
better by making them alive, persuasive, intense and known. Third, visual literacy
provides the ability to process the same ideas in different ways. Finally, visual literacy
enables individuals to read and understand the visual environment around them, so
that they can make their own decisions instead of being influenced by the natural and
man-made environment around them. Beauchamp et al. (1994) argue that students
should be trained in three different aspects within the scope of visual literacy and
geometry education: visualization through imagery, reading and interpreting visual
elements, and designing visual materials. Although there is not a unity and solidarity
in visual literacy, which improves rapidly and has a wide scope, it is seen that visual
literacy education is necessary in the 21st century, in which people are bombarded
with visuals. Geometry education to be planned in this regard should help students
maximize the benefits of the visual materials among the course materials.

Visual communication and visual learning can be observed in many learning
fields, especially in the geometry learning field. The use of visual materials for
enriching learning processes is a teaching technique approved by educators.
According to Dwyer (1978), visuals (such as TV, images, slide presentations, diagrams,
graphics, etc.) are influential on teaching the facts and concepts and using valid
methods. Levie (1987) argues that visuals materialize the abstract information, make
them thinkable in an imaginative way, and are useful in cooperative reasoning
(analogical reasoning). The abilities of teachers and other training personnel related to
visual literacy and other literacy types have direct influence on education services.
Visual literacy skills are highly influential on teaching materials designed by teachers,
timely and effective use of teaching materials with appropriate methods and
techniques, and being able to organize the message to be conveyed to the student
visually (for example being able to make simple schemes and drawings).

Visual mathematics literacy has indispensable meaning and importance in both
daily life and mathematics education. This is because mathematics visualized in
constructs makes is easier to understand the relationships among objects (Ayguner,
2016). For some students, visual representations are obligatory to learn mathematics.
The reason for some students to fail in mathematics is the inadequacy of visual
elements and helpers used in mathematics education. Visual regulations for such
students will increase the success of the students, and therefore, their interest in the
subject and participation in the classroom (Tutkun, Erdogan & Ozturk, 2014).
According to Tekin and Tekin (2004), individuals who are visually literate in
mathematics have the quality of recognizing and analyzing experiences based on
shapes, space, time and movement using all senses, and the representations of the
concepts.
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Spatial Thinking

The concept of dimension, which constitutes the basis for understanding space
geometry, has a significant role in the development of mathematical thinking (Manin,
2006). Dimension concept has taken place in the primary and secondary school
curricula in recent years. In order to understand the subjects in geometry, the concepts
of point, line, plane and volume should be understood well. Dimensions of these
concepts should be mentioned when they are introduced. In this regard, it is possible
to say that geometry may be shaped by the concept of dimension. On the other hand,
spatial thinking is the ability of creating the objects and status quo in one’s mind.
Drawing explanatory figures when solving problems, being able to transfer verbal
problems into tables and graphics, and being able to understand the relationships
among geometrical figures show that this skill can be improved (Turgut, 2010). Subject
in the learning field of geometry play an important role in improving students” skills
of objective and critical thinking, establishment of causality relationships, and
numerical thinking (Oral & Ilhan, 2012). Therefore, the use of spatial skills through
visualizing geometrical concepts and spatial situations constitutes the basis for spatial
thinking. Improving spatial skill will also make it possible to understand mathematical
and geometric subjects better. However, many studies are concerned with finding the
methods that improve spatial skill the most. NCTM states that geometry will lead
students to analyze the properties of geometric shapes by using spatial thinking and
geometrical modelling in solutions of problems, and express geometric relationships
mathematically. Accordingly, it was emphasized that the reasoning and justification
skills of students will be improved by geometry, which is a natural field in
mathematics (NCTM, 2000).

Visual Math Literacy

Visual literacy emerged as a result of the fact that human beings used visuals on
the walls of caves, visuals are integrated into the education process, and visuals
concepts increase the permanence of mental processes by materializing them. Visual
literacy was described by Hortin (1980) as “readership of visual elements, the ability
to think and learn with visual elements, and interpretation capacity that is, thinking
visually.” In this regard, the concept of visual mathematics literacy perception was
described as “being able to perceive, express, interpret, assess and use the problems
faced in daily life as visual and spatial, and similarly, being able to perceive, express,
interpret, assess and use visual and spatial information in a mathematical sense”
(Duran & Bekdemir, 2012).

According to NCTM, one of the primary goals of the process of learning geometry
is the visual awareness of students as visually literate individuals. Many studies were
conducted on this concept in the USA and Israeli, and even technology assisted
computer programs were developed. The Visual Mathematics Institute was found in
California, USA in 1975 to conduct studies on visual mathematics literacy perception.
This institute, which aims to popularize mathematics among individuals, continues to
carry on its duty at the University of California for visual mathematics research
involving computer graphics and interactive environments (Marcolin & Abraham,
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2006). On the other hand, visual mathematics literacy perception is also a research
subject of the Education Technologies Department of the University of Haifa in Israel.
One of the teams conducting studies in this department developed a computer
program named Visual Math in the beginning of 1990s (Devraj, Butler, Gupchup &
Poirier, 2010). When the software steps were examined, wide range of features of the
software representing mathematical aspects of contextual problems drew attention
(Yerushalmy, 2006). Students studying in 7th-12th grades improved their knowledge
in geometry with a critical approach thanks to this software, which was based on
geometry designs. The primary goal of Visual Math is to help students improve their
algebra skills and ensure that they learn graphical reading techniques (Devraj, Butler,
Gupchup & Poirier, 2010).

Visualization is the organization of data using visual elements (pictures, graphs,
etc.) that can be easily perceived by the sense of seeing (Sevimli, Yildiz & Delice, 2008).
As this concept is a different pathway in mathematical thinking than the thought of
language and traditional algebra, it may be a strong and alternate resource for
mathematical analyses of students (Konyalioglu, 2003). Usage of visualization in
mathematics classes leads students to approach abstract concepts and constructs with
different points of view. The mathematical relationships among visual objects are
understood more easily with the help of visual mathematics literacy (Tutkun,
Erdogan, & Ozturk, 2014). Considering the studies in the field of mathematics and
geometry on visualization, it is seen that visualization is used intensively in
geometrical processes (Nemirovsky & Noble, 1997). Visual literacy term is defined as
the power of giving meaning to visual messages and composing message in a similar
way (Alpan, 2008). In another definition for visual literacy is “the learned ability to
interpret visual messages exactly and accurately, and to create such messages
(Heinich, Molenda, Russell, & Smaldino, 1999, p. 64). Visual literacy is a required
proficiency in education that requires teachers and instructors to be able to arrange,
manipulate, and utilize graphics for the purpose of learning. By using their visual
competency, they can enhance their students’ learning and help them achieve
academic success (Aisami, 2015).

There are a limited number of studies in the literature on visual mathematics
literacy. Some of these studies were studies on developing a visual mathematics
literacy scale. In this field, Bekdemir and Duran (2012) developed a visual mathematics
scale for second grade students in elementary school education, and investigated the
relationship between visual mathematics literacy and visual success in mathematics.
Likewise, Authors (2016) developed a scale for determining the visual mathematics
literacy of prospective teachers. Other studies focused on whether visual mathematics
literacy levels and perception of self-efficacy changed based on variables such as
perceived mathematics success, sex, and class level, and the relationships in this
context. In a study by Tutkun, Erdogan and Ozturk, (2014), it was reported that the
mathematics literacy levels and self-efficacy rates middle-school students were high,
and these levels chanced based on sex, level of education and mathematics success.
Ozdemir, Duran, and Kaptan (2016) detected a low-level and significant correlation
between visual mathematics literacy and perception of self-efficacy, and reported that
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the visual mathematics literacy and self-efficacy perception of students differed
significantly in favor of female students. Similarly, Duran, and Bekdemir (2013) found
a positive, medium-level and significant relationship between visual mathematics
literacy and perception of self-efficacy. They also determined that perception of self-
efficacy in visual mathematics was a significant indicator of visual mathematics
success.

It is thought that visual mathematics literacy perception of prospective teachers is
an important factor in mathematics education as well as the visual mathematics
literacy perception of students. In addition to these, as many visuals are included in
the field of geometry, it is assumed that the success in this field is associated with
visual mathematics literacy perception. Based on the literature review, it is considered
to be appropriate in this study to examine the relationship between success in
geometry and visual mathematics literacy perception of prospective elementary school
mathematics teachers. In this regard, the present study aims at addressing the
following questions:

RQi: What is the relationship level between geometry success and visual
mathematics literacy perception and its sub-dimensions?

RQ2: What is the predictive power of visual mathematics literacy perception and
its sub-dimensions for geometry success?

Method
Research Design

A descriptive method was employed in this study. Descriptive studies attempt to
describe a given situation comprehensively and in detail. Descriptive screening studies
are commonly conducted on educational issues. This is because researchers conduct
descriptive studies in order to summarize the characteristics of individuals, groups or
physical environments (Buyukozturk, Kilic Cakmak, Akgun, Karadeniz & Demirel,
2012, p. 22). In this study, relational screening model was preferred in order to obtain
the data indicating the relationship between visual mathematics literacy perception
and geometry success. The relational screening model is a research model that aims at
determining the coexistence or degree of relationship between two or more variables.

Research Sample

The population of the study consisted of prospective teachers in the field of
Mathematics Education at the, Faculty of Education, Firat University in the fall
semester of 2015-2016 academic year. The sample consisted of 232 volunteer
prospective teachers, 97 (41.8%) were male and 135 (58.2%) were female selected
through simple random sampling method. The number of students in this sample
group were 72.5% of all students. The arithmetic mean of prospective teachers' age
was 26.23. The reason for choosing the method of simple random sampling was that,
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in this method, all units constituting the population have the same possibility of being
included in the sample (Can, 2013, p. 26).

Research Instruments and Procedures

The study used the Visual Mathematics Literacy Perception Scale and the
Geometry Success Test (GST), which were developed by researchers as data collection
tools. The primary assessment tool, the Visual Mathematics Literacy Perception Scale,
was developed by Ilhan (2015) in order to determine the visual mathematics literacy
perception levels of prospective teachers, and is a 5-point Likert-type scale consisting
of 37 items. This scale consisted of five sub-dimensions: visual perception, geometric
field, spatial intelligence, concretion, and create a pattern. Some items in the scale are
as follows; “I can draw a three-dimensional shape from front to top view”, “By
breaking a three-dimensional object, I can obtain new three-dimensional objects”, “I
can find the general term from a shaped pattern with steps 3 and 57, “Modeling a
decimal number to create the problem, I can solve it”, “I can make geometric proof of
Pythagoras” and “I can make geometric modeling of exponential numbers”. Factor
analysis studies were conducted to investigate the construct validity of the scale.
Factor analysis methods used in the research were exploratory and confirmatory factor
analyzes. With the exploratory factor analysis, it was tried to determine what factors
were related to the scale. In order to ensure the validity of the scope, a pool of 60 items,
which aimed to measure scale in specific dimensions, was formed as a result of the
opinions of teacher candidates and the related literature review. The factor load of the
scale ranged from 0.410 to 0.716. The internal consistency reliability coefficients of the
scale were 0.820, 0.740, 0.891, 0.763 and 0.852 for the five sub-dimensions respectively,
and the test-retest reliability coefficients were 0.764, 0.833, 0.856, 0.823 and 0.841 for
the five sub-dimensions respectively. The Cronbach’s Alpha reliability coefficient of
the scale was 0.904. The Cronbach’s Alpha reliability coefficient of the scale employed
in this study was calculated as 0.889. If this coefficient is greater than 0.7, it is
considered that the mean scores of the scale is reliable (Buyukozturk, 2018, p. 183).

The second assessment tool, the GST, was developed by the researchers in order to
determine the geometry success levels of the students. The geometry outcomes of the
elementary school mathematics curriculum were examined before preparing the
success test. A draft test form was prepared, consisting of 26 multiple-choice questions
previously used in the Academic Personnel and Postgraduate Education Entrance
Exams between the years of 2010-2015, which included these outcomes. These
questions were submitted to two faculty members, experts in the field of mathematics
education, for their opinions in terms of content. In line with the feedbacks of these
expert faculty members, 6 questions were taken out and the final test was created,
consisting of 20 questions. The highest score was determined as 20 (each of the
question is 1 point) and the lowest score was determined as 1 for this specific test. The
reliability coefficients of this test were examined using KR-20 reliability coefficients
and split-half reliability. KR-20 reliability coefficient for a study examines whether all
the questions in a scale constitutes a homogeneous structure or not (Kalayci, 2010, p.
405). In split-half reliability, the test is split into two pairs as singular-plural, first half-
second half and neutral. Based on the relationships between the two halves, the
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correlation coefficient was calculated for the whole test by using Spearman Brown
formula (Buyukozturk, 2018, p. 183). As a result of the analyses conducted, the KR-20
reliability coefficient of the GST was calculated as 0.794 and split-half reliability was
calculated as 0.693. In this study, item difficulty and distinctiveness indices were
calculated for each question. These indices are given in Table 1.

Table 1
Item Difficulty Index and Item Distinctiveness Index of GST
Item No Item Difficulty Index Item Distinctiveness Index
1 0.431 0.592
2 0.520 0.560
3 0.602 0.571
4 0.493 0.613
5 0.391 0.530
6 0.511 0.661
7 0.590 0.582
8 0.432 0.520
9 0.510 0.581
10 0.673 0.773
11 0.621 0.520
12 0.460 0.552
13 0.510 0.470
14 0.572 0.691
15 0.531 0.633
16 0.545 0.550
17 0.343 0.591
18 0.304 0.542
19 0.371 0.661
20 0.330 0.550
Total 0.493 0.589

The item difficulty index values of the substances found in a test vary between 0-1
and the items with difficulty indexes between 0.30 and 0.70 are considered as
substances with an average difficulty level. In addition, substances with a substance
difficulty index of less than 0.3 are found to be difficult and substances with a
substance difficulty index of over 0.7 are considered to be difficult substances (Tekin,
1997; Yilmaz, 1998). The difficulties in the GST test (pj) ranged from 0.271 to 0.673.
Therefore, it can be said that the majority of the substances in the test have a moderate
difficulty. The overall difficulty index of the test was 0.493. In other words, it is possible
to say that the test has moderate difficulty in general. The discriminant index (rjx)
values ranged between -1 and +1, and a value of 0.40 and above indicated that the
substances were very well distinguished. If this value is in the range of 0.30 to 0.39, the
best substance should be corrected if it is in the range of 0.20 and 0.29, and if it is 0.19
and lower, it can be considered as the item to be removed from the test (Buyukozturk,
2018). When the discriminant index of GSAYB test items were examined, it was seen
that the discrimination indexes of all items were greater than 0.40. That is to say, all
items were suitable for testing in terms of discrimination.
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During data collection, teacher candidates were informed about the application
process. Forms were reproduced by foreseeing the number of samples. Pencil and
eraser needs of teacher candidates were met. The implementation period lasted for
two weeks. Visual mathematics literacy perception scale was administered in the first
week, and in the second week, geometry achievement test was applied. In the
application process, the classes of the related university were used. During the
applications, attention was paid to keep the environment quiet and to offer individual
solutions for the problems of the teacher candidates. Thus, the implementation process
was completed without any problems.

Data Analysis

The relationship between the visual mathematics literacy perception and geometry
success of prospective teachers was calculated using the Pearson Moments
Multiplication Correlation Coefficient method, and the Multiple Regression Analysis
method was used to examine whether visual mathematics literacy perception and its
sub-dimensions were meaningful predictors of geometry success or not. Additionally,
the mean and standard deviation values for visual mathematics literacy perception
and sub-dimensions, its sub-dimensions and geometry success were also calculated.
The visual mathematics literacy perception scale had 37 items and the items were
scored in 5-point Likert-type. In the geometry achievement test, there were 20 items,
and the items were scored as 1 for the correct answers and 0 for the wrong answers. In
this direction, the visual mathematics literacy perception of students was taken as the
independent (predictive) variable and geometry success was taken as the dependent
(predicted) variable. Multiple Regression Analysis is a method related to the
prediction of the dependent variable on the basis of two or more independent variables
associated with the dependent variable (Buyukozturk, 2018, p. 98). The data were
analyzed using SPSS (Statistical Package for Social Sciences) version 21.0.

Results

In this section of the study, we will discuss the findings related to the relationship
between visual mathematics literacy perception, its sub-dimensions and geometry
success of the prospective teachers; and then, findings will be presented in relation to
determining the predictive power of visual mathematics literacy perceptions and, its
sub-dimensions in terms of geometry success.

The relationship between visual mathematics literacy perception, its sub-
dimensions and geometry success of the prospective teachers was calculated using
correlation analysis. The results of the data analysis are shown in Table 2.
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Table 2

The Relationship Levels Between Visual Mathematics Literacy Perceptions and Sub-
Dimensions with Geometry Success

Variables Mean S.S. G1 G2 G3 G4 G5 G6
Gl Geometry 9957 4179 1
Success
G2 Visual 2967 0739 0.076* 1
Perception
G3 Geometric 4044 0653 0175*  0435* 1
Field
G4 Spatial 3366 0313 0259% 0501*  0.479* 1
Intelligence
G5 Concretion 4359 0680  0196* 0344* 0421*  0.402* 1
G6  Pattern 3826 0792 0107¢ 0485* 0596* 0434*  0375% 1
G7 VisualMath 3712 0635 0191* 0062* 0150+ 0249*  0172*  0.077*
Literacy

*p<0.01; n=232

When the data in Table 2 were examined, the mathematics teacher candidates’
Visual Math Literacy Perception sub-dimension’s highest mean belonged to

Concretion dimension’s (X=4.359), and this dimension appeared to follow Geometric
Field dimension’s. Lowest mean belonged to Visual Perception dimension’s (X=2.957).
Prospective teachers' geometric achievement scores were below mean (X=9.957). All
of the correlations between the sub-dimensions appeared to be significant. The
relationship between Visual Math Literacy Perception with all sub-dimensions was
meaningful at the level of p<0.01. Also, when the relation of geometry success to sub-
dimensions was examined, Spatial Intelligence (Correlate=0.259) dimension had the
highest mean. This was followed by Concretion dimension’s mean (Correlate=0.196).
Geometry success’ correlation with Visual Math Literacy Perception was seen 0.191.

It has been assumed in the study that visual mathematical literacy and sub-
dimensions significantly predict the geometric success. Regression analysis was
performed in this direction, and the findings are given in Table 3.

Table 3

The Results of the Multiple Regression Analysis Regarding the Predictive Power of Visual
Mathematics Literacy Perception and its Sub-Dimensions

Predictive Variables R R2 Change  Std.p t F p
(R?)
1. Visual Perception-Visual 0.760 0.577 0.001 0,031 7.644 1.337 0.000
Perception 0.030  6.654
2. Visual Perception-Geometric ~ 0.175  0.031 0.031 0.002 3.086 3.624  0.028
Field 0.174 2425
3. Visual Perception-Spatial 0.268 0.072 0.064 4980 8873  0.000

Intelligence 0.034 4.040

0.084
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Table 3 Continue

4. Visual Perception-Concretion  0.196  0.038  0.011 0.005 3.348 4582 0.011

0.028 2.790

5. Geometric Field-Geometric 0.175 0.031 0.026 0112 3.192 7279  0.007

Field 0.042 2.698

6. Geometric Field-Spatial 0.265 0.070 0.067 0.043 2585 8.658  0.000

Intelligence 0.046 3.124

7. Geometric Field-Concretion 0.219 0.048 0.110 0.070 2.029 5.773 0.004
0.046 2.041

8. Geometric Field-Pattern 0.175 0.031 0.175 0.112 3114 3.624 0.028
0.053 2129

9. Spatial Intelligence-Spatial 0259 0.067  0.029 0.064 5041 16.475 0.000

Intelligence 0.010 4.059

10. Spatial Intelligence- 0.276  0.076 0.019 0.032 2521 9461  0.000

Concretion 0.016  3.068

11. Spatial Intelligence-Pattern 0.259  0.067 0.020 0.032 3903 8203 0.000
0.021 3.686

12. Concretion-Concretion 0.196 0.038 0.099 0.017 3.709 9.176  0.003
0.001 3.029

13. Concretion-Pattern 0.200 0.040 0.077 0222 2906 4.778  0.009
0.085 2.611

When Table 3 was examined, the sub-dimensions of visual mathematics literacy
perception such as visual perception, geometric field, spatial intelligence, concretion
and pattern were used as the predictors of visual math literacy perceptions in the
regression analysis (R=0.760, p=0.00<0.01). It was observed that the spatial intelligence
and concretion sub-dimensions of visual mathematics literacy perception explained
7.6% of the data. The two best sub-dimensions of visual mathematics literacy
perception were spatial intelligence (R=0.268, p=0.00<0.01) and concretion (R=0.196,
p=0.00<0.01).

In this study, after predictive power of the sub-dimensions of the literacy
perception was examined, predictive power of the geometric success of visual
mathematics literacy perception sub-dimensions was investigated. The findings are
given in Table 4.

Table 4

Predictive Power of the Geometric Success of the Visual Mathematics Literacy Perception Sub-
Dimensions

Variables B Standard Beta t p
Error

Constant 4.975 1.712 - 2.906 0.004
Visual 0.031 0.027 0.076 1.157 0.249
Perception

Geometric Field ~ 0.112 0.042 0.175 2.698 0.007
Spatial 0.260 0.064 0.259 4.059 0.000
Intelligence

Concretion 0.241 0.079 0.196 3.029 0.003

Pattern 0.189 0.115 0.107 1.635 0.103
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When Table 4 was examined, it was seen that the highest ordering power was in
the spatial intelligence sub-dimension with 0.259, followed by concretion dimension
(0.196), geometric field (0.175), pattern (0.107); and these differences were statistically
significant. On the other hand, the lowest ordering power was in the visual perception
dimension with 0.076, but this was not significant. After determining the geometry
success of the sub-dimensions, the overall power of the visual mathematical literacy
perception was investigated in terms of eometric success. The findings are given in
Table 5.

Table 5

Predictive Power of the Geometric Success of the Visual Mathematics Literacy Perception
Variance Sum of Squares df squares mean F p R
Source
Regression 146.834 1 146.834 8.685 0.004 0.191
Error 388.735 230 16.908
Total 4035.569 231

When Table 5 was examined, it was seen that visual mathematics literacy
perception had a significant effect on geometric success at the 0.01 level
(F(1,230)=8.685; p=0.004). The regression coefficient between visual mathematical
literacy perception and geometric success was calculated (R=0.191, p=0.00<0.01). It
was observed that geometric success of visual mathematics literacy perception
explained 1.91% of the data.

Discussion, Conclusion and Recommendations

Recently, visuals are gaining importance in all areas of the field of mathematics.
Moreover, these visuals strengthen the relationship between mathematics and real life,
and encourage permanent learning. While high visual mathematics literacy perception
levels of students make it possible for them to understand the described mathematical
concepts better, high visual mathematics literacy perception levels of teachers make it
possible for them to create more useful and healthier visual materials, as well as
facilitate permanent learning by creating more efficient teaching processes (MoNE,
2013).

In this study, the relationship levels of visual mathematics literacy perception and
its sub-dimensions with each other and geometry success were examined, and then,
the extent to which visual mathematics literacy perception and its sub-dimensions
predicted geometry success was calculated. When the relationship of visual
mathematics literacy perception and its sub-dimensions with geometry success was
examined, it was determined that there was a statistically significant relationship with
its sub-dimensions. All of the correlations between the sub-dimensions appeared
significant. The relationship between Visual Math Literacy Perception with all its sub-
dimensions was meaningful. Also, when the relation of geometry success to its sub-
dimensions was examined, spatial intelligence dimension had the highest mean value,
and the concretion dimension appeared to follow because visual mathematics literacy
perception was closely related to spatial intelligence. In a study conducted by Bal
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(2012), it was observed that prospective teachers had different geometric thinking
levels, their attitudes towards geometry were high and there was a statistically
significant, but a low-level of relationship, only in the dimension of 'anxiety' related
to, geometric thinking levels and attitudes. Similarly, Gellert (2004) expressed that
there was a statistically significant relationship between the concept of mathematics
literacy perception and mathematics lessons where instructive materials were used.
On the other hand, based on the literature review, it was seen that there were studies
that found the relationship between visual mathematics literacy and geometry success
on a medium or high level. In a study conducted by Kocaarslan and Celikturk (2013),
it was determined that the visual literacy competence levels of the students in the
faculty of education were generally high and there was a statistically significant and
positive relationship between visual literacy levels and academic success. Another
finding of this study was that geometric field was the most significant source that
predicted geometry success. In other words, students who were more successful in
geometry had higher visual mathematics perceptions based on the geometric field
variable. Literature review showed that there are other studies supporting this finding.
In parallel with these results, Duran and Bekdemir (2013) found a medium level,
positive and statistically significant relationship between visual mathematics literacy
self-efficacy perception and visual mathematics success.

Geometry success of prospective elementary school mathematics teachers in exams
prepared by the Student Selection and Placement Center (SSPC), their performances
in different selection and placement exams and their performances related to the field
of geometry in their daily life constitute personal experiences in visual mathematics
literacy perceptions. As a result of the positive and negative outcomes of these
experiences, mathematical success of the students was associated with visual
mathematical literacy. In Turkey, students answered 5.1 mathematics and geometry
questions correct out of 40 in the Transition to Higher Education Examination in 2017;
they answered 4.22 geometry questions correct out of 30 in the Undergraduate
Placement Exam in 2016 (SSPC, 2017). According to studies in the literature,
relationships among the sources were identified similarly, and their effects on
geometry success was medium or low. In parallel to the findings of this study,
Garderen determined in a study conducted in 2006 that students with visual-spatial
impairment had deficiencies in understanding and differentiating information. Rapp
(2009) expressed that students with visual-spatial intelligence were held back when
teaching techniques were not supported by visuals in the classroom. Roblyer and
Bennett (2001) propose that teachers will require skills that enable them to select
appropriate materials for meaningful instruction, support the effective production of
materials, design and teaching of specific activities that will facilitate deep learning as
well as the ability to evaluate the level of student’s visual literacy. Success in higher
education is becoming more and more dependent on visual literacy skills (Nalinci &
Yapici, 2015).

The findings of this study showed that there was a significant relationship between
visual perception and geometry success. The sub-dimensions of visual mathematics
literacy perception such as geometric field, spatial intelligence, concretion and pattern
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were used as the predictors of visual math literacy perceptions in the regression
analysis. One of the sub-dimensions of visual mathematical literacy perception was
visual perception. It is not possible to ignore the relationship of this source with visual
math literacy perceptions. Literature review showed that visual perceptions are
directly or indirectly associated with geometry success (Bekdemir & Duran, 2012;
Hortin, 1980; Karunaratne, 2000). Again, as a result of the findings, it was determined
that there was a low-level relationship between pattern sub-dimension, which was a
source of visual mathematical literacy, and geometry success. According to the
literature review, pattern sub-dimension is directly or indirectly associated with
geometry success. In another study, Tanisli and Kose (2011) adopted a numerical
approach in which the prospective teachers transformed a linear shape pattern into a
visual and shape pattern with a focus on the shape structure when determining the
rule of pattern and sustaining the pattern to a close/distant step, and they used 26
strategies in these approaches.

Visual perception, geometric field and spatial intelligence sources were more
effective on geometry success when compared to other sources. Each source explained
approximately 7% of geometry success. Considering other sources, it was seen that the
effect of spatial intelligence source was higher. Spatial intelligence, visual perception
and geometric field sources should be improved in order to improve visual
mathematical literacy of students. Furthermore, it is important to help students gain
accurate, complete and successful experiences. Lastly, concretions and pattern sources
were the fourth and fifth important sub-dimensions that affected geometry success.
Each of these sub-dimensions explained approximately 4% of geometry success. When
compared to other sub-dimensions, it was seen that the effect of concretions sub-
dimension was lower. In line with the findings obtained as a result of this study, it is
concluded that it is required to examine direct and indirect relationships between the
sub-dimensions of visual mathematics literacy perception and geometry success.
Duran and Bekdemir (2013) stated that visual mathematics literacy self-efficacy
perception is a significant predictor of visual mathematics success. Bal (2012) claimed
that teacher candidates they were located in different geometric levels, between a high
level of attitude towards geometry and a low level of attitude with geometric thinking
levels, but it was observed that the relationship was at a low level. Ozgen and Bindak
(2011) determined in their study that the success scores in mathematics courses and
the importance given to mathematics courses are significant predictors of
mathematical literacy self - efficacy perceptions. In addition to these studies, there are
other studies in literature that determined the factors predicting mathematics success
(Dogan & Baris, 2010; Kayagil, 2010; Ozdemir, 2010; Ozer & Anil, 2011; Uredi & Uredi,
2005; Yilmaz, 2006). The finding that the predictive powers of the sub-dimensions of
visual mathematics literacy perception are statistically meaningful brings the
importance of this relationship to the forefront. Furthermore, it was also found that
visual mathematics literacy perception had a significant effect on geometric success.
The reason for this is that the research was conducted only at a university, or the
number of samples was low. Another reason is that teacher candidates could not
reflect their perception levels to their achievements. It is also assumed that the sample
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in the study reflected all the information on the test and the scale. The work to be done
in the future in accordance with these limitations can include;

1. research on larger samples related to the subject,

2. investigation of the relationship between visual mathematical literacy
perceptions and geometric successes of different parts,

3. similar practices on existing mathematics teachers,
4. trainings on these concepts in the direction of the results,

5. investigating the concept of perception related to other learning areas of
mathematics,

6. conducting experimental studies on the perception of visual mathematics
literacy,

7. conducting projects to gain visual perception of visual mathematics literacy.
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Gorsel Matematik Okuryazarligi Alt Boyutlarinin Geometri Basarisini
Yordama Giicii Nedir?

Ataf:

Ilhan, A., Tutak, T., & Celik, H. C. (2019). What is the predictive power of visual
mathematics literacy perception and its sub-dimensions for geometry success?
Eurasian Journal of Educational Research, 80, 1-24, DOI: 10.14689/ ejer.2019.80.1

Ozet

Problem Durumu: Okuryazarlik kavrami giintimiizde sekillenen bir kavram olarak
bilinmekle birlikte tarihsel siirecinin de ¢ok eski olmadigmi arastirmalar neticesinde
gormek miimkiindiir. Ayrica okuryazarlik kavrami ¢ok genel bir kavramdir ve bu
kavramla iligkili yeni okuryazarlik tiirleri literattirde her gecen giin olusturulmus ve
olusturulmaktadir. Insanlarm ilk caglardan beri magara duvarlarinda gorselleri
kullanmasi, gorsellerin egitim siirecinin neredeyse tamamina entegre edilmesi ve
gorsel kavramlarin zihinsel siirecte somutlastirmay1 saglayarak kalicilig1 artirmasi
gorsel okuryazarlik kavramimi dogurmustur. Gorsel okuryazarlik, Hortin (1980)
tarafindan, “gorsel elemanlar1 okuma ve yorumlama kapasitesiyle beraber gorsel
Ogeler ile diisinme ve dgrenme becerisi, yani gorsel olarak diistinebilme” seklinde
tanimlanmustir. Egitim alaninda farkli okuryazarliklara dair ortak yanlarin
biitinlesmesinden dogan sanatsal matematik veya gorsel matematik okuryazarlig:
gibi okuryazarliklarin tanimlanmasi 6n plana ¢tkmistir. Bu noktadan hareketle gorsel
matematik okuryazarligi “gtinliitk hayatta karsilasilan problemleri gorsel veya
uzamsal, tersine gorsel veya uzamsal bilgileri de matematiksel olarak algilayabilme,
ifade edebilme, yorumlayabilme, degerlendirme ve kullanabilme yeterligidir” (Duran
ve Bekdemir, 2013). Gorsel matematik okuryazarligmin giinlitk yasamda ve
matematik egitiminde vazgecilmez bir anlami ve 6nemi vardir. Gorsel okuryazarlik
ve gorsel matematik okuryazarligi kavramlari, geometri 6grenme alam ile bilissel
okuryazarlik becerileri arasindaki iliski sonucunda ortaya c¢ikmustir. Geometri
matematiksel 6grenmenin temel alanlarindan biri olmasina ragmen, geometriyle ilgili
akademik basarmin altinda yatan bilissel stirecler detayli bir sekilde incelenmistir.
Ogretmen adaylarinin gorsel matematik okuryazarligi algilarinmn, matematik
egitiminde 6nemli bir faktor oldugu diistintilmektedir. Bunlara ek olarak, bircok
gorselin geometri alanina dahil edilmesi nedeniyle, bu alandaki basarmin gorsel
matematik okuryazarligi algist ile iligkili oldugu duistintilmektedir. Dolayistyla gorsel
matematik okuryazarlik algis1 ve alt boyutlari ile geometri basaris1 arasindaki iliskinin
incelenmesinin alan yazina yararlh olacagi 6ngoriilmektedir.

Aragtirmanin Amaci: Bu arastirmanin amaci, 6gretmen adaylarinin gorsel matematik
okuryazarlig1 ile geometri basarilar1 arasindaki iliskiyi incelemektir.

Aragtirmanmin Yontemi: Mevcut arastirma, betimsel nitelikli bir ¢aligmadir. Betimsel
calismalar, verilen bir durumu olabildigince tam ve dikkatli bir sekilde tanimlamaya
calisir. Egitim alanindaki arastirmalarda, yaygin olarak betimsel yontem tarama
calismalar1 yapilmaktadir. Mevcut arastirmada gorsel matematik okuryazarligy ile
geometri basarisi arasindaki iliskiyi belirten verilerin elde edilmesi noktasinda iliskisel
tarama modeli tercih edilmistir. Aragtirmanin ¢alisma grubunu, 2015-2016 6gretim y1lt
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gliz doneminde, Firat Universitesi, Egitim Fakiiltesi, matematik egitimi anabilim
dalinda okuyan matematik 6gretmen adaylar1 olusturmaktadir. Orneklemde ise bu
ogrencilerden basit rastgele érnekleme yontemiyle secilen 232 (97 erkek, 135 kadin)
ogrenci yer almistir.

Arastirmada, veri toplama araclari olarak arastirmaci tarafindan gelistirilen ve
o0gretmen adaylarinin gorsel matematik okuryazarlik algi diizeylerini belirlemek
amaciyla Goérsel Matematik Okuryazarligi Olgegi ve geometri basari diizeylerini
incelemek icin Geometri Basari Testi kullanilmistir. Arastirmada 6gretmen
adaylarmin gorsel matematik okuryazarliklar: ile geometri basarilari arasindaki
iliskinin hesaplanmasinda Pearson Momentler Carpim Korelasyon Katsayis1 yontemi,
gorsel matematik okuryazarlig: algisi ve buna ait alt boyutlarin geometri basarisinin
yordayicist olup olmadigt Coklu Regresyon Analizi yontemiyle incelenmistir.

Arastirmamin Bulgulari: Calisma bulgular: dikkate alindiginda gorsel algi kaynagimin
geometri basarisi ile arasinda diisiik diizeyde iligki tespit edilmistir. Nitekim gorsel
matematik okuryazarliginin veri kaynaklarindan biride gorsel algidir. Bu kaynagin
geometri basarisi ile iliskisini goz ardi etmek miimkiin degildir. Literatiir taramasi
yapildiginda gorsel algilarin geometri basaris: ile dogrudan veya dolayli yonden
iligkili oldugu goriilmektedir (Bekdemir ve Duran, 2012; Karunaratne, 2000). Yine
bulgular neticesinde gorsel matematik okuryazarligimin veri kaynaklarindan biri olan
ortintli olusturma boyutunun geometri basarisi ile arasinda diisiik diizeyde iliski
tespit edilmistir. Literatiir taramas1 yapildiginda da oriintii boyutunun geometri
basarisi ile dogrudan veya dolayli yonden iliskili oldugu goriilmektedir. Tansh ve
Kose (2011)'nin yapmis oldugu arastirmada, o6gretmen adaylar:i lineer sekil
oriintiisiinii  yakin/uzak bir adima devam ettirmede ve oriintiintin kuralin
belirlemede sadece seklin yapisina odaklanilan gorsel ve sekil oriintiisiiniin say1
oruntiisiine dontstiiriildiigii sayisal yaklasimi benimsemisler, bu yaklagimlar altinda
da toplam 26 strateji kullanmislardir.

Aragtirmanin Sonuglart ve Onerileri: Gorsel algi, geometrik bilgi ve uzamsal zeka
kaynaklar1 geometri basarisi tizerinde diger kaynaklara gore daha fazla oneme
sahiptir. Bu kaynaklar geometri bagarisinin yaklagik %7’sini agiklamaktadir. Ozellikle
uzamsal zeka kaynagmin geometri basarisi {izerindeki etkisi diger kaynaklar goz
ontinde bulunduruldugunda daha ytiksek ¢ikmustir. Ogrencilerin gorsel matematik
okuryazarliklarmi gelistirmek icin oncelikle uzamsal zekd kaynaklariyla beraber
gorsel alg1 ve geometrik bilgi kaynaklar1 gelistirilmelidir. Son olarak, somutlastirma
ve Ortintti olusturma kaynaklar1 geometri basarisina etki eden dordiincii ve besinci
onemli boyutlardir. Bu boyutlarin her biri geometri basarisinin yaklasik %4’ tinii
aciklamaktadir. Ozellikle somutlagtrma boyutunun geometri basarist tizerindeki
etkisi diger boyutlar gz 6niinde bulunduruldugunda daha diisiik ¢ikmustir. Elde
edilen bulgular dogrultusunda dogrudan ve dolayli olarak goérsel matematik
okuryazarlig1 algisi boyutlarinin geometri basarisi ile arasindaki iliskiyi incelemenin
gerekli oldugu sonucuna ulasilmistir. Duran ve Bekdemir (2013), gorsel matematik
okuryazarligi o6z-yeterlik algisinin, gorsel matematik basarisinin anlamli  bir
yordayicist oldugunu sdylemislerdir. Ozgen ve Bindak (2011) calismalarinda
matematik dersi basari puaninin ve matematik dersine verilen 6nemin, matematik
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okuryazarlig1 6z-yeterlik inancina yonelik anlaml birer yordayici olduklarin tespit
etmislerdir. Bu calismalarin yaninda matematik basarisini yordayan faktorlerin neler
oldugunu belirleyen calismalar da literatiirde mevcuttur (Dogan ve Baris, 2010;
Kayagil, 2010). Genel anlamda gorsel matematik okuryazarlig: alt boyutlarmin
geometri basarisini yordama giicii diisiik ¢ciksa da anlamli olmasi iliskinin 6nemini 6n
plana c¢ikarmaktadir. Sonucun boyle ¢ikmasimin sebebi, arastirmanin yalniz bir
tiniversitede yapilmis olmasi veya ¢rneklem sayisinin diisiik olmasi olabilir. Ayrica
arastirmada 6rneklemin teste ve 6lgege tiim bilgilerini yansittiklar: varsayilmistir. Bu
simirhiliklar dogrultusunda ileride yapilacak olan galismalara, konuyla ilgili daha
biiytik 6rneklemler tizerinde arastirmalarin yapilmasi, farkli sayisal boltimlerin gorsel
matematik okuryazarlik algilariyla geometri basarilar1 arasindaki iligkilerinin
incelenmesi hélihazirda bulunan matematik 6gretmenleri {izerinde benzer
uygulamalar yapilmasi ve sonuglar dogrultusunda bu kavramlar hakkinda egitimlerin
verilmesi 6nerilmistir.
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Introduction

Thinking is an active, purposive and organized cognitive process that individuals
apply to understand the situation that they are in. According to De Bono (1978),
thinking is about discovering an experience intentionally with purposes such as
understanding, planning, decision making, problem solving, judging and acting.
Individuals' learning to think means thinking in different ways. The type of thinking
in which individuals feel themselves more comfortable among others is creative
thinking. Vernon (1989) defines creativity as the ability to produce a new idea or
view on a topic and make an invention. Creativity is not only about revealing a new
product, but also synthesizing based on all known information, and then discovering
different solutions or thinking the functions of objects in an extraordinary way. For
Weisberg (2006), creative thinking is the process in which the creative product comes
out. As for Maclure (1991), one of the most important objectives of contemporary
education is to improve students' thinking skills. In a study titled "Curricula for
Problem Solving and Creative Thinking", Isaksen and Sidney (1985) examined the
attitudes, knowledge and behaviors of 152 curriculum developers, and compared
traditional learning and creative learning. The results showed that 87% of the
participants intentionally planned the development of creative thinking and
problem-solving skills. Moreover, 65% produced their own curricula. D. J.
Treffinger's model revealed that most of them preferred creative thinking techniques.
In their study titled "Creative Potential and Socio-emotional Relationships Beyond
Academic Assessment in Preschool Children", Diener, Wright, Brehl and Siyah (2016)
focused on social behaviors of children, and examined the connections of creative
potential in the preschool period. However, school age did not shed light on
childhood. Great duties fall to particularly primary school teachers to develop
creative thinking skills in children. Developing children's creativity has an important
place among the learning objectives. Teachers need to fully know what creativity is
and how it can be developed (Baysal, Carikci & Yasar, 2018; Cellek, 2002; Demirci,
2007; Doganay, 2017; Emir, Ates, Aydin, Bahar, Durmus, Polat & Yaman, 2004;
Erktin, 2002; Karatas & Ozcan, 2010; Oncu, 2003; Ozden, 1999; Ozerbas, 2011;
Ozgenel & Cetin, 2017; Temizkan, 2011; Tican, 2013; Ucan, Tasc1 & Ovayolu, 2008;
Ulger, 2014; Yildirim & Turk, 2018).

In the Turkish Teaching program, which has been renewed, it is important to
enrich vital experience, via a way that lets the analytic and creative thinking
improve, as well as to know the historical accumulation and to reach the ways to re-
produce it. Reaching the aims in the entrepreneurship perfection and taking
initiative, which are among the basic skills in the Turkish Program, include
creativity, taking risks, innovation as well as planning and carrying out projects
(MNE, 2017).

For primary school teachers, actively using creativity in the classroom is a
facilitative factor in teaching children. In this way, children easily build up the
knowledge they need to acquire. Teachers play a guiding role in building
knowledge. Teachers who have the creative thinking skills try to find different
solutions when they encounter a problem instead of avoiding this problem (Aslan &
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Cansever, 2009). In this way, primary school teachers also support the development
of creative thinking in children while leading to form a more persistent educational
environment by using different instructional methods and techniques suitable for
every class and topic. With regard to raising creative individuals as targeted in the
primary curriculum and developing creative thinking skills in students, this study
was needed to identify primary school teachers' levels of the creative thinking skills.

This study aimed to identify views of primary school teachers on their creative
thinking skills. The study is thought to provide guidance to teacher training
institutions and in-service trainings to teachers. The following research questions
were addressed based on the aim of the study: (1) What are the primary school
teachers’ views on their creative thinking skills?, (2) Do primary school teachers'
views on their creative thinking skills differ according to their gender, seniority in
the profession, and educational level?

Method
Research Design

This study focusing on creative thinking skills based on primary school teachers'
views was a descriptive one adopting a survey model. According to Karasar (2007, p.
77), the screening model is an approach used to describe a fact of the past and the
present without changing it. Indeed, such a study attempts to define a fact, person, or
object of research in its own condition. The subject is not exposed to any change or
effect.

Participants

The population of the study consisted of primary school teachers (Grades 1, 2, 3
and 4) working in primary schools in Merkezefendi and Pamukkale districts of
Denizli province in the 2015-2016 school-year. Since it was not possible to reach the
whole population, a sample was selected to represent this population. This sample
was selected based on the significance level of 0.5. The lower limit in the necessary
sample was calculated as 306 with +5% sampling error at the confidence interval of
95%. “Proportional cluster sampling” method was used, and 421 primary school
teachers were selected as the sample. Within the sample, 65.1% of the individuals
were male, and 39.9% were female. As for seniority in the profession, 25.4% had 1-10
years of experience, 37.5% had 11-20 years, and 37.1% had 21 years of experience and
above. Regarding educational level, 77.9% of the participants graduated from an
education faculty, while 22.1% of them graduated from other teacher training
institutions such as a teacher's training school or a faculty of science and humanities.

Data Collection and Application

In the data gathering process, the scale "How Creative Are You?" was used. This
test was developed by Eugene Raudsepp, and translated into Turkish by Sabire
Coban based on the original form. The validity and reliability statistics of the test
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were also calculated by Sabire Coban, and the Cronbach's Alpha coefficient was
found as 0.95 for creativity (Coban, 1999). The data obtained through the "How
Creative Are You?" scale were coded as "(5) Strongly Disagree", "(4) Disagree", "(3)
Neutral", "(2) Agree" and "(1) Strongly Agree". The answer options that were
discontinuous were turned into "continuous" to be able to interpret the results
yielded in statistical procedures. The interval of four in the scale "How Creative Are
You?" was divided into five options (4:5=0.80), the resulting value was added to the
lowest number representing the options, and the results were interpreted as not
creative for 1.00 — 1.80, creativity level being below the average for 1.81 — 2.60,
moderate creativity level for 2.61 — 3.40, creativity level being above the average for
3.41 — 4.20, and high creativity level for 4.21-5.00.

Validity refers to the suitability of an instrument for its purpose of employment.
As for reliability, it is the extent to which an instrument measures the data
accurately. The most important criterion that determines the quality of scientific
works is the validity and reliability of the instruments used (Uzgoren, 2012). The
validity and reliability studies of the scale "How Creative Are You?" were conducted
by Sabire Coban to be used in her doctoral dissertation, and the Cronbach's Alpha
coefficient was 0.95 for creativity (Coban, 1999). In addition, the scale was
administered to 421 teachers, and the reliability analyses were conducted again. Its
Cronbach's Alpha coefficient was found as 0.88. Accordingly, it can be argued that
the scale was valid and reliable.

Data Analysis

Kolmogorov- Smirnov test was used to determine whether the data distribution
was normal. According to the results of scale, data obtained through "How Creative
Are You?" did not show normal distribution (K-s)-z =1,538 p=0.018). In the analysis
process, percentage and arithmetic mean were used as parametric tests, while Mann
Whitney U and Kruskal Wallis were used as non-parametric tests.

Results

This section presents the findings revealed through the analysis of the data to
answer the research problems.

Findings for the First Research Question and Interpretations

The first research question addressed in the study was "What are the primary school
teachers’ views on their creative thinking skills?".

Table 1
Primary School Teachers’ Views on Their Creative Thinking Skills

N Minimum Maximum x SD

421 1,00 4,60 2,4533 0,58966
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As is seen in Table 1, the results showed that the primary school teachers' creative
thinking levels were below the average (x=2.45). This overlaps with the findings of
other studies. In a study titled "Creativity, professional burnout and life satisfaction in
primary school teachers", Sahin (2010) reported that 80.6% of the participants' creativity
levels were identified as not creative, 16.6% were as moderately creative, 2.5% were
as creative above the moderate level, and 0.2% of them were identified as creative.

Findings for the Second Research Question and Interpretations

The second research question of the study was "Do primary school teachers' views
on their creative thinking skills differ according to their (a) gender, (b) seniority in the
profession, and (c) educational level?".

Table 2

Results of the Mann-Whitney Test for Primary School Teachers” Views on Their Creative
Thinking Skills according to Gender

Gender N x u [4 Difference
Female 274 216,17
Male 147 201,37 1.872 0.234 NOt e
Significant
Total 421
p>0.05

As can be seen in Table 2, the results revealed no statistically significant
difference between creative thinking skills based on the primary school teachers'
views. This is consistent with the findings of other studies. In a study titled
"Examining the relationship between preschool teaching students' creativity and problem
solving levels", Zeytun (2010) did not reveal any statistically significant difference
according to gender. In another study titled "Examining the relationship between
teachers' adjustment in marriage and their creativity", Gulererli (2014) did not find a
significant difference between the arithmetic means of the groups as a result of the
independent samples t-test performed to determine whether there was a significant
difference in the teachers' scores of the creativity scale according to the gender
variable. However, there are also research findings that contradict with the findings
of the current study. In a study titled "The relationship between primary school teachers'
creativity and organizational commitment", Altin (2010) reported that the teachers'
perceptions of their creativity levels were different according to their gender, and
this difference was in favor of the female teachers. With regard to the mean scores of
creativity levels, the female teachers perceived themselves more creative compared
to the male teachers.
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Table 3

Results of the Kruskal-Wallis Test for Primary School Teachers” Views on Their Creative
Thinking Skills according to Seniority in the Profession

Seniority N X K p Difference
1-10 years 107 218,94

11-20 years 158 202,18 1.414 0.493 Not

21+ years 156 214,48 Significant
Total 421

As is seen in Table 3, when the primary school teachers' views of their creative
thinking skills were examined according to the seniority variable through the
Kruskal-Wallis Test, no statistically significant difference was found between their
creativity levels. This is consistent with the findings of other studies. In a study
titled "Creativity, Professional Burnout and Life Satisfaction in Primary School Teachers",
Sahin (2010) revealed a significant difference in one-way ANOVA performed to
determine whether there was a difference between the participants' creativity levels
according to their seniority.

Table 4

Results of the Mann-Whitney Test for Primary School Teachers’” Views on Their Creative
Thinking Skills according to Level of Education?

Educational Level n X u P Difference
Faculty of Education 328 210,86
Other (e.g.  Teacher’s 1.521 0.965 Not
Training School, Faculty of 93 211,49 Significant
Letters)

p>0.05

As is seen in Table 4, primary school teachers' creative thinking skills did not
show a significant difference according to their educational level. However, there are
research findings that contradict with this finding of the current study. In a study
titled "The relationship between primary school teachers' organizational commitment and
creativity", Altin (2010) reported that the teachers’ creativity levels differed according
to their undergraduate education, and this difference was in favor of those graduated
from an education faculty (t=3.08, p<.05). When the mean scores regarding the
creativity levels were examined, it was seen that the teachers who graduated from an
education faculty perceived themselves more creative compared to those graduated
from other faculties.
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Discussion, Conclusion and Recommendations

The results of the analyses on the first research question " What are the primary
school teachers” views on their creative thinking skills " showed that primary school
teachers' creative thinking levels were below the average (x=2,45). In a study titled
"Creativity, professional burnout and life satisfaction in primary school teachers", Sahin
(2010) reported that 80.6% of the participants' creativity levels were identified as not
creative, 16.6% were as moderately creative, 2.5% were as creative above the
moderate level, and 0.2% of them were identified as creative. The result of this study
is consistent with the current study, which brings up the question why teachers'
creativity is low. This study is thought to be guiding in examining the reasons why
teachers’ creativity is low.

According to the results of the analyses regarding the second research question
"Do primary school teachers' views on creative thinking skills differ according to
their (a) gender, (b) seniority in the profession, and (c) educational level?";

There was no statistically significant difference between creative thinking skills
based on the primary school teachers' views. This is consistent with the findings of
other studies. In a study titled "Examining the relationship between preschool teaching
student’s' creativity and problem solving levels", Zeytun (2010) did not reveal any
statistically significant difference according to gender. In another study titled
"Examining the relationship between teachers' adjustment in marriage and their creativity",
Gulererli (2014) did not find a significant difference between the arithmetic means of
the groups as a result of the independent samples t-test performed to determine
whether there was a significant difference in teachers' scores in the creativity scale
according to the gender variable. However, there are also research findings that
contradict with the findings of the current study. In a study titled "The relationship
between primary school teachers' creativity and organizational commitment", Altin (2010)
reported that the teachers' perceptions of their creativity levels were different
according to gender, and this difference was in favor of the female teachers. With
regard to the mean scores of creativity levels, female teachers perceived themselves
more creative compared to male teachers.

There was no significant difference between the primary school teachers' creativity
levels according to the seniority variable. This is consistent with the findings of other
studies. In a study titled "Creativity, professional burnout and life satisfaction in primary
school teachers", Sahin (2010) revealed a significant difference in the one-way ANOVA
performed to determine whether there was a difference between the participants'
creativity levels according to their seniority in the profession.

There was no statistically significant difference between primary school teachers'
creative thinking skills based on their level of education. However, there are also
research findings that contradict with the findings of the current study. In a study
titled "The relationship between primary school teachers' organizational commitment and
creativity", Altin (2010) reported that teachers’ creativity levels differed according to
their undergraduate education, and this difference was in favor of those graduated
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from an education faculty (t=3.08, p<.05). When the mean scores regarding the
creativity levels were examined, it was seen that the teachers who graduated from an
education faculty perceived themselves more creative compared to those graduated
from other faculties.

As a result of the analyses based on the data gathered through the scale, primary
school teachers' creativity level was found to be below the average. Elementary
school teachers' creativity levels being below the average can be interpreted as that
they do not use their creativity fully or could not use it. Primary school teachers can
be enabled to improve their creativity through pre-service and in-service trainings.
This is particularly important for them to teach “creative thinking skills” to primary
school students. Elementary school teachers' views on their creativity levels were
examined according to the variables of gender, professional seniority and
educational level. The analyses revealed no statistically significant differences
between primary school teachers' views on their creativity levels according to their
gender, professional seniority and educational level.

The following suggestions can be offered based on the research findings: (1)
According to the results of the analyses regarding the research question " What are the
primary school teachers” views on their creative thinking skills ", primary school teachers'
creativity levels were below the average. For this reason, primary school teachers
should be exposed to seminars to develop their creativity levels. (2) Considering that
primary school teachers' creativity levels are low, studies can be conducted to reveal
why their creativity levels are low, and how this can be improved.
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Yaratic1 Diigsiinme Becerileri Hakkinda Sinif Ogretmenlerinin Gériigleri

Atif:

Erdem, A. R., & Adiguzel, D. C. (2019). The opinions of primary school teachers on
their creative thinking skills. Eurasian Journal of Educational Research, 80, 25-38,
DOI: 10.14689/ ejer.2019.80.2

Ozet

Problem Durumu: Yaratici diistinme stireci dinamik, tiretici ve 6zgtirdiir. Problemlere
her agidan bakabilmek ve farkli ¢6ztim yollar1 bulabilmek gerekir. Cevresine yaratici
gozlerle bakabilmeli, ttim kaynaklarin farkina varabilmeli ve gerektiginde
yararlanabilmelidir. "Yaraticilik" bugiine kadar bir¢ok yazar tarafindan farkli yonleri
vurgulanarak ele alinmis, ¢ok yonlii bir kavram olarak algilanmis ve tanimlanmustir.
Ornegin bazi yazarlar diistinme siirecleri {izerinde dururken, baz1 yazarlar ortaya
¢ikan triine odaklanmiglardir. Kimi yazarlar ise yaratici kisiligin sahip oldugu
ozelliklere vurgu yapmuslardir. Farkli goriis ve bakis agilara karsin fikir birligine
varilan nokta; yeni bir tirtiniin ortaya ¢ikis siirecidir. Yaraticilik; sadece yeni bir tirtin
ortaya koymak degil, bilinen tiim bilgilerden sentez yapabilme ve sonrasinda farkli
¢oztim yollarmi kesfedebilme ya da nesnelerin islevlerini alisilmisin disinda
diistinebilmektir. Yaratict diistinme, problemlere elestirel agidan bakabilmek, daha
once aralarinda iliski kurulmamis nesneler yada diistinceler arasinda iliski
kurabilmek ve yeni tnermeler de bulunmaktir. Alisilmisin disinda, 6zgtin, farkl
¢oziim yollarindan giderek yeni sonuglar gelistirebilmektir. Maclure’e (1991) gore
cagdas egitimin en onemli hedeflerinden biri 6grencilerin diistinme becerilerini
gelistirmektir. Ogrencilerde yaratic1 diistinme becerisini gelistirebilmek icin 6zellikle
smif 6gretmenlerine ¢ok biiytik gorevler diismektedir.

Siif dgretmeni i¢in smif ortaminda yaraticilign aktif olarak kullanmak, cocuga
dgretilmek isteneni kolaylastirici bir etkendir. Ogrenciler bu yolla 6grenmesi gereken
bilgiyi kolaylikla insa edebilmektedirler. Ogretmen bilginin insa edilme asamasinda
yonlendirici rol iistlenir. Yaratici diistinme becerisine sahip bir 6gretmen bir sorun ile
kars1 karsiya kaldigr zaman bu sorundan kagmak yerine o soruna farkli ¢oziimler
bulmaya calisir (Aslan, Cansever, 2009). Sinf 6gretmeni her derste her konuya
uygun farkli 8gretim yontem tekniklerini kullanarak daha kalic1 bir egitim ortaminin
olusmasma onciilik etmesinin yam sira 6grencilerde de yaratict diistinmenin
gelisimine destek saglamis olur. Hkégretim programimin hedefledigi yaratici
bireylerin yetisebilmesi icin, 6grencilerde yaratic1 diistinme becerisi gelistirilebilmesi
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icin siuf 6gretmenlerinin yaratici diistinme beceri diizeyleri belirlemek amaciyla bu
arastirmanin yapilmasina gerek duyulmustur.

Arastirmamin - Amaci: Bu arastirmanin amaci ilkokullarda gorev yapan smuf
Ogretmenlerinin yaratict diistinme becerileri hakkindaki goriislerini belirlemektir.
Arastirmanin amaci dogrultusunda alt problemler su sekilde belirlenmistir: (1) Siif
Ogretmenlerinin goriislerine gore yaratict diistinme becerileri nedir? (2)Smnif
Ogretmenlerinin goriislerine gore yaratict diistinme becerileri cinsiyete, meslekteki
kideme, egitim durumuna gore farklilik gostermekte midir?

Arastirmamin Yontemi: Smuf 6gretmenlerinin goriislerine gore yaratict diistinme
becerilerini belirlemeye yo6nelik yapilan bu arastirma tarama modelinde betimsel bir
calismadir. Arastirmanin evrenini, 2015-2016 egitim-6gretim yilinda Denizli ili,
Merkezefendi ve Pamukkale ilcelerinde gorev yapmakta olan ilkokullardaki smif
ogretmenleri (1, 2, 3, 4. Sinuf 6gretmenleri) olusturmaktadir. Orneklem almada “oranli
kiime ornekleme” yontemi kullanilarak 421 siuf 6gretmeni Ornekleme almmistir.
Veriler “Ne kadar yaraticistmz?” 6lcegi ile toplanmistir. Verilerin ¢dztimlenmesinde
SPSS paket programi kullamilmistir. “Ne kadar yaraticisiniz?” 6lgegi ile elde edilen
veriler kesinlikle katilmiyorum secenegi 5, katiliyorum secenegi 4, kararsizim
secenegi 3, katiliyorum secenegi 2, kesinlikle katiliyorum segenegi 1 olarak
kodlanmustir. "Ne kadar yaraticisimiz?" 6lgegindeki 4 aralik 5 segenege boliinmiis (4: 5
= (0.80); bulunan say1 secenekleri temsil eden en alt sayidan itibaren ilave edilerek:
1.00 - 1.80 yaratic1 degil, 1.81 - 2.60 yaraticilik diizeyi ortalamanin altinda, 2.61 - 3.40
yaraticilik diizeyi orta, 3.41 - 4.20 yaraticilik diizeyi ortalamanin {istiinde, 4.21-5.00
yaraticilik dtizeyi yiiksek seklinde yorumlanmustir. Cronbach alpha i¢ tutarlik
katsayis1t “Ne kadar yaraticisimiz?” olgegi i¢in  0.88 bulunmustur. Dagilimin normal
olup olmadigin belirlemek icin Kolmogorov Simirnov testi uygulanmustir. “Ne kadar
yaraticisimiz?” Slgegi ile elde edilen sonuclara (K-s)-z =1,538 p=0.018) gore verilerin
normal dagilim gostermedigi belirlenmistir. Coztimlemelerde de parametrik
testlerden ytiizde, aritmetik ortalama; non-parametrik testlerden ise Man Whitney U
ve Kruskal Wallis kullanilmistir.

Arastirma Bulgulari: Sif 6gretmenlerine uygulanan olcekten elde edilen verilerin
analizi sonucunda sinif Ogretmenlerinin yaraticilik diizeyi ortalamanmn altinda
cikmustir. Sinif 6gretmenlerinin goriislerine gore yaraticilik diizeyi cinsiyet, mesleki
kidem ve mezuniyet durumu degiskenleri agisindan da incelenmistir. Yapilan analiz
sonuglarma gore smif 6gretmenlerinin yaraticilik diizeylerine iliskin gortisleri
arasinda cinsiyet, mesleki kidem ve mezuniyet durumu degiskenleri agisindan
anlaml1 bir farklilik yoktur.

Arastirmanmin Sonuglart ve Onerileri: Siuf 6gretmenlerine uygulanan olgekten elde
edilen verilerin analizi sonucunda smif Ogretmenlerinin yaraticilik diizeyi
ortalamanin altinda c¢ikmustir. Smif Sgretmenlerinin  gortislerine gore smuf
Ogretmenlerinin yaraticilik  diizeylerinin ortalamanin altinda ¢ikmasi, smuf
Ogretmenlerinin  yaraticiklarmi  tam  anlamiyla  kullanmadiklar1  veya
kullanamadiklart seklinde yorumlanabilir. Smuf Jgretmenlerinin yaraticilik
diizeylerine iliskin goriisleri arasinda cinsiyet, mesleki kidem ve mezuniyet durumu
degiskenleri agisindan anlamli bir farklilik yoktur. Arastirma bulgularma



Ali Riza ERDEM - Duygu Cag ADIGUZEL 37
Eurasian Journal of Educational Research 80 (2019) 25-38

dayanilarak sunlar onerilebilir: (1) “Simif 6gretmenlerinin goriislerine gore yaratici
diisiinme becerileri nedir?” analiz sonuglarina gore Smuf 8gretmenlerinin yaraticilik
diizeyleri ortalamanin altinda ¢ikmustir. Bu nedenle; Sinif 6gretmenleri yaraticilik
diizeylerinin gelistirilmesi konusunda seminerlere tabii tutulmalidir. (2) Smuf
Ogretmenlerinin yaraticilik ditizeylerinin diistik oldugu sonucu goz 6niinde
bulundurularak Sinif 8gretmenlerinin yaraticilik diizeylerinin neden diistik oldugu
ve nasil ytiikseltilebilecegi ile ilgili calismalar yapilabilir.

Anahtar Sozciikler: Uretken, yenilikci, diistinme bicimi, egitim, goriis.






Eurasian Journal of Educational Research 80 (2019) 39-58

I Eurasian Journal of Educational Research @

www.ejer.com.tr

EJER

Impacts of Urban Institutions of Higher Education on the Community: A Social

Approach

Bui Phu HUNG"

ARTICLE INFO

ABSTRACT

Article History:

Received: 21 Jan. 2017

Received in revised form: 23 Dec. 2017
Accepted: 17 Aug. 2018

DOI: 10.14689/ejer.2019.80.3

Keywords

Social sustainability, higher
education, impacts, community,
educational institutions

Purpose: This study aimed to investigate the effects
of urban institutions of higher education on social
sustainability of the community. Three urban
colleges in Vietnam were involved in this study.
Methods: Questionnaires and interviews were
administered to 120 local residents and 1470 students
and college employees (office and teaching staff)
living in the nearby communities. In the interviews,
the researcher made efforts to explore in-depth
information by providing prompts in order to
confirm, interpret and supplement the quantitative
data collected from the questionnaires.

Findings: All participants responded that the
colleges contributed greatly to the social equity
through rentals, food consumption, and other
services available. However, though some local
residents took a positive view of social diversity,
others were conservative. The social cohesions took
place in the community where its members were
willing to welcome new cultures. Most local residents
were not confident about community security when

there were many new members. Noise and traffic also caused much concern to local residents.
Implications for Research and Practice: It is suggested that local residents should distribute
equital gains to physically and financially challenged people in the community. Other
implications were given to researchers, policy makers, community members, and student
tenants living around college. Further studies can take a holistic approach to sustainable
development as a result of the effects of educational institutions. Researchers may also take
into account more educational institutions of higher education in other contexts.

© 2019 Ani Publishing Ltd. All rights reserved

"Faculty of Foreign Languages - Van Hien University, VIETNAM, buiphuhung@yahoo.com
ORCID: https:/ /orcid.org/0000-0003-3468-4837



mailto:buiphuhung@yahoo.com
https://orcid.org/0000-0003-3468-4837

40 Bui Phu HUNG
Eurasian Journal of Educational Research 80 (2019) 39-58

Introduction
The Rationale

Sustainable development has been a concern for discussions in recent decades as it
deals with many areas in the world. It has motivated research on how to develop a
place without causing harms to any others. However, studies on sustainable
developement mainly focus on the associations between this concern and
environmental and/or economic issues (e.g. Johansson, Segerstedt & Jakobsson, 2016;
Reed & Wilkinson, 2005; Yu, Tong, Tang, Yuan & Chen, 2018). Researchers have found
that society has also had some interactions with other fields as environmental and/or
economic changes have some influences on humans and vice versa (Cook & Esuna,
2014). Recent studies have given models for sustainable development with three main
domains: economy, environment and society (Rogers, Jalal & Boyd, 2007). Social
sustainability should be a concern to researchers.

As built-in constructions, instituions of higher education may have certain impacts
on the community. Dempsey, Bramley, Power and Brown (2011) and Dave (2011)
believe that the construction and existence of an organization may also affect the
neighborhood to a certain extent as built environments play a role in the social
sustainability. In Vietnam, many colleges and universities have off-campus
accommodations for students. Several private colleges do not have any dormitories
(Sheridan, 2010). Off-campus students may have positive and negative effects on the
community (Omar, Abdullah, Yusof, Hamdan, Nasrudin & Abullah, 2011). Also, in
the past 20 years, education in Vietnam has been developing and accepting
transformation (Hayden & Thiep, 2007); re-location and construction of new campuses
have taken place (Nha & Tu, 2015). Higher education institutions in urban areas in
Vietnam have potential impacts on the community.

Previous studies show a lack of interest in exploring impacts of institutions of
higher education on communities, particularly from the perspective of social
sustainability. Previous research (e.g. Nieuwenhuis, Hooimeijer, Dorsselaer &
Vollebergh, 2013; Nieuwenhuis & Hooimeijer, 2015) mainly focused on the effects of
the neighbourhoods on students’ academic achievements at nearby schools. This
paper investigated the impacts of three colleges located in the south of Vietnam on
social sustainability of the neighborhoods by administering questionnaires to local
residents and their staff and students living around the colleges. It attempted to
answer the following questions:

1) What impacts of institutions of higher education on the community are
perceived by the local residents?

2) What impacts of insitutions of higher education on the community are
perceived by college students and staff?
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Theoretical framework

Sustainable

Figure 1. Three Components in Sustainable Development

(Adapted from Adams, 2006)

There are three main components in sustainability (Figure 1) in that society,
economy and environment have equally significant roles in sustainable development
(Adams, 2006). This model was applied in a study by Vallance, Perkins and Dixon
(2011). However, Cato (2009) argues that economy plays a central role in sustainable
development, an environment can restrict the social development and economic
development (Figure 2). No matter what model is suggested, it is clear that sustainable
development is influenced by the social, economic and environmental factors.
According to a contemporary and currently applied approach to social sustainability,
all these three domains are interrelated in that the other two domains are embedded
within the environment. Therefore, social sustainability is comprised of all human
activities that have impacts on sustainable development.

Society

Environment

Figure 2. Three Pillars of Sustainable Development (Adapted from Cato, 2009)

A framework for social sustainability has been established by researchers.
Woodscraft, Bacon, Caistor-Arendar and Hackett (2011) introduces the framework for
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social sustainability. Accordingly, social sustainability has four dimensions: amenities
and infrastructure, social and cultural life, voice and influence and space to grow.
Vallance et al. (2011) describe the three main components of social sustainability
(Figure 3) as development, maintenance and bridge. The development aspect may be
tangible or intangible. It is “about meeting basic needs, inter- and intra-generational
equity”. Maintenance is understood as what maintained in a society. Bridge refers to
the change of behavior to achieve objectives which can be ecological or physical
regarding the environment. Sen (2000) outlines a more detailed framework for social
sustainability with six indicators: equity, diversity, social cohesions, quality of life,
democracy and governance, and maturity. Equity sustainability takes place when the
monetary or financial values of the community is secured. The community should also
create opportunities for diversity. Social cohesions or social interactions take place
when formal and/or informal interactions between members inside and outside the
community take place. In other words, all community members should think that they
belong to a unit. Quality of life is also crucial in that all he community members’ basic
needs, such as well-being, housing, education, employment and security, are satisfied.
The social sustainability is also measured by the democratic and governing policies.
Maturity is defined as the community members’ development through their
communication styles, behavior patterns and informal education. All these
dimensions of the paradigm are interrelated and equally contribute to social
sustainability. Polese and Stren (2000, pp. 16-17) make a brief definition of social
sustainability as “development (and/or growth) that is compatible with the
harmonious evolution of civil society, fostering an environment conducive to the
compatible cohabitation of culturally and socially diverse groups while at the same
time encourging social integration, with improvements in the quality of life for all
segments of the population.”

Social Sustainability

Development Maintenance Bridge

Tangible Intangible Transformative Non-transformative
Figure 3. Dimensions of Social Sustainability
(Adapted from Sen, 2000)

The construction and existence or re-location of any large organization, especially
schools and shopping malls, usually have some impacts on the place where they are
located as these institutions are examples of long-term investments and have
interactions with the neighborhood (Tanriogen, 2018; Wey, 2018). The neighborhood
may have some influences on the success of educational institutions (Nieuwenhuis et
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al., 2013), and educational institutions also have effects on the neighborhood. There is
an interaction between these two communities, but the effect of the neighboorhood on
school is not really direct (Nieuwenhuis & Hooimeijer, 2015). However, the influence
of educational institutions, especially in higher education, on the neighborhood can be
clear. This influence is especially straighforward in case of off-campus students in
Asian contexts. The interactions between off-campus college students in Asia and the
community where the college is located are usually strong. Therefore, the influence
can be positive or negative (Omar et al., 2011). Accordingly, many college students are
from other places, and when they live off campus, they choose to reside in the vicinity
of the school to avoid or reduce transit. Some students who do not dwell relatively
close to school may also take place of the catering service in the neighborhood. Local
restaurants also cater the academic and office staff in the school. Their expenditures
on rental, food, entertainment and necessities in turn contribute to the business
development of the nearby community to a certain extent. They may cause traffic
congestion. Local people can also get employed in the neighboring institutions. The
interactions between a school (teachers, office staff and students) and local people may
also lead to behavior exchange. Lawhan (2009) believes that existence of an educational
instituion may make the members of the neighborhood feel a sense of community. In
summary, there should be research on the impacts of urban insitutions of higher
education on the community from the perspective of social sustainability.

Research Methods
Research Approach and Design

The qualitative and quantitative approaches have their own strengths and
weaknesses, and purposes. Regarding the circumstance that this topic was not an
interest of research at the time of the implementation of this study, a mixed-methods
approach was adopted (Hung & Van, 2018; McMillan & Schumacher, 2001, pp. 372-
373). The use of this approach was considered to triangulate the data for reliability
(McKim, 2017, p. 203; Tashakkori & Creswell, 2007). To avoid the contradiction
between these different sources of data, the interviews to collect qualitative data were
conducted within two days after the administration of the questionnaires which were
used to collect quantitative data. The time interval was used to analyze the
participants’ responses to the questionnaires. The data from the interviews conducted
within 48 hours after the occurence could be 95% reliable (Gass & Mackey, 2000, pp.
14-17). The participants’ responses from the questionnaires were used to confirm,
interpret, and supplement their responses in the interviews. This model was applied
by Hung (2017) and Hung, Truong and Nguyen (2018). The data triangulation was
believed to increase the resarch reliability and validity.

However, considering research ethics, all the participants were neither forced to
answer the questions nor to criticize their contradictions in the collected data. The
administration of questionnaires and interviews had no room for any type of
discrimination. All the participants were treated with dignity and respect. Their
identities and answers were kept confidential. The names of the insitutions were also
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kept anonymous. In this study, the researcher played the roles as question writer,
questionnaire administrator, interviewer, and data analyst.

Research Sample

1470 college employees and junior and senior students living as tenants close to
three colleges located in Ho Chi Minh City, Vietnam and 120 local residents living
close these colleges were randomly selected to answer the questionnaires. All the
participants had dwelled in the neaby communities five years by the implementation
of this study. After the questionnaires were administered, 65 students and 45 people
in the vicinity were interviewed. The selection of the people for interviews was based
on their answers to the questionnaires. They were informed of the importance of their
answers in the study. As the communities around these three colleges were considered
the target participants to be impacted by the colleges, their responses were collected
prior to those from the students and college staff.

Instruments and Procedure

The questionnaires were designed for participants” ratings in a Likert-scale of 1-5.
It applied the framework by Sen (2000). However, regarding the practical purpose of
this study on the effects of the schools in the nearby households as well as the student
participants involved in this study, This framework was adapted for the participants
to reflect what they had experienced in places. It had four main clusters: equity,
diversity, social interactions and quality of life. The interview questions were open-
ended to collect qualitative data and also applied this framework. Table 1 gives
detailed descriptions of this framework.

Table 1

Question Framework

Category Description

Equity The influence of the college, including staff and students, to
the incomes of the local community

Diversity The extent to which the college contributes to the social
diversity of the local community

Social cohesions The effects of the interactions between the local residents
and the college staff and students on the local residents’ life

Quality of life The improvement or decline in the quality of life, such as
noise and traffic congestion, as a result of the existence of the
college
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Validity and Reliability

The questionnaires were first pilot-tested with 20 students and 20 local residents.
These participants were not involved in the main study, and the data collected was
used for revising the questionnaires. After the pilot study, some items in the clusters
were removed as their Cronbach Alpha values were relatively low, a <.7. Some other
items were linguistically simplified to facilitate the participants’ answers. Data
triangulation was also believed to increase research validity and reliability. Finally, the
comparison of local residents’, students’ and staff’s responses was considered to
contribute to the reliability and validity of the findings.

Data Analysis

The quantitative data from the participants’ responses to the questionnaires were
input into SPSS 22 for statistial analysis. Mean scores (M), standard deviations (SD),
significance values (p), and Cronbach Alpha values (a) were first achieved. Correlation
between the clusters and descriptive statistics were also used and discussed in the
findings. The qualitative data from the interviews, which were audio-recorded, were
coded and then theme-analyzed and transcribed. The participants” responses in the
interviews were classified into four main themes: equity, diversity, social interactions,
and quality of life. The data from observations before and after the constructions of the
colleges were coded and analyzed into the aforementioned themes.

Results
The Impacts of the Colleges on the Local Community
Table 2
Local Residents” Opinions of the Effects of the Three Colleges

n=120 College A (n=35) College B (n=45) College C (n=40)
M SD p a M SD p a M SD p o«

Equity 4.18 52 .000 .82 443 .61 .000 .83 4.30 .54 .000 .80
Diversity ~ 3.67 61 003 .83 393 77 .003 .80 3.86 72 .003 .82

Social 409 132 .000 .82 416 121 .000 .82 3.66 162 .000 .84
cohesions

Quality 392 121 .000 .81 402 136 .000 .82 368 126 .000 .81
of life

The local residents gave answers to the questionnaires about the effects of the three
colleges surveyed. Overall, they believed the three colleges had moderate and strong
effects on their communities. The strongest impact was thought to generally be on the
quality of life, and the weakest impact was on the diversity of the community at all
three colleges. More specifically, College A had less impact on all the categories asked
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about than the others. College B had strongest impact on the equity of the
neighborhood than the others, but it was assumed to have as much effect on the
diversity of the community as College C College A had less effect on this concern.
Regarding social interactions and quality of life, College C had slightly stronger effect.
Table 2 also shows that the impacts of the colleges were significant, p < .005, and
Cronbach Alpha coefficients were assured, a > .8. the data achieved from the
interviews generally confirmed the local residents’ responses to the questionnaires.
The local residents” responses provided additional information about the effects as a
contribution to social sustainability. Details can be found in each sub-category below.

Equity

The financial contributions which the colleges made to the equity of the
communities around these institutions were significant. In general, they made the
greatest contribution to the rents. The mean scores about the contributions to rents
which College A, College B and College C made were 4.45, 4.72 and 4.47 respectively.
In the interviews, most local residents responded that many of the students took
advantage of the homestay service offered in the neighborhoods, but relatively few
employees did not live in the homestay in the neighborhoods. The local residents
around College A revealed that almost no employees from this college used this
service. However, the office staff from College B were considered to contribute greatly
in terms of rental. Homestay owners added that the rents from the office staff were
higher than those from students. Students usually shared the room with their friends;
however, the office staff in the homestay lived with their spouse and children. Most of
them rent comfortable rooms and paid higher than students. This may have explained
the reason why the contribution of rental to the neighborhood around College B was
higher.

Table 3
Local Residents” Responses about the Effects of the Colleges on the Community Equity

n=120 College A (n=35) College B (n=45) College C (n=40)
M SD p a M SD P o M SD p o

Rental 445 42 000 .80 472 41 000 .81 447 47 .000 .82
Food 371 56 .002 81 361 .72 003 .80 378 .63 .002 .80
Entertainment 423 .72 000 .80 474 81 .000 .83 445 73 .000 .81
Other services 431 65 .000 .82 463 94 .000 .82 451 .74 .000 .83

Regarding the college staff’s and students’ use of the catering service, the mean
scores for this influence was less than those for rental, entertainment, and other
services. The local residents around College B said that many people (college
employees and students) did not order food from the nearby restaurants or food
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suppliers. From the local residents’ responses to the questionnaires, the community
around College B got marginally less benefited than College A and College C in terms
of their expense on food. Their responses in the interviews provided the reasons. Most
married tenants around College B preferred to cook for themselves as married couples
wanted to have a sense of family during the dining time, but most students living in
the homestay around College A and College C often ordered food from the
neighboring communities.

The academic staff and students living as tenants around the three colleges also
made great contributions to the community equity regarding their use of
entertainment. Their contributions were significant. The staff and students from
College B were thought to spend more on entertainment than those from College A
and College C. The data from the interviews explained that the places where they often
went to for recreation were typically karaoke shops, coffee shops, and cinemas. The
colleges were also thought to use other services available in the communities. Their
expenditures were often on basic needs, such as washing powder, shampoo, and
household items. Although these items were not really costly, they were the category
which people from the colleges spent much on.

Although the colleges made some contributions to the equital development of the
communities, the development was not really sustainable. Table 3 illustrates that the
college staff and students made significant contributions in terms of rental, food,
entertainment and other services. However, there was not evidence of social
sustainability in these communities. In the interviews, many local residents responded
that the financially and physically challenged people and the elderly in the
neighborhoods did not receive direct benefits from this equital development. These
disadvantaged people got some benefits from the governments, but the benefits were
insufficient for them to make the ends meet because they rested against the policy set
by the central government. The communities did not have any funds for helping these
people. Honestly, they mainly depended on the the financial support from their
families. They occasionally received financial aids from charity offered by non-
government associations located outside the communities.

The local residents’ responses to the questionnaires about the effects of the colleges
on the diversity of the communites (Table 4) show that there had been much change
to the recipes and foods in the places. This category had been affected the most. The
local residents also provided some reasons for this. Some foreign teachers from College
B and College Clived in the community close to the institutions, and they did not cook,
but ate out or ordered foods from the nearby restaurants. In addition, most students
living as tenants here were immigrants from other places in Vietnam and Laos. The
catering services in the neighborhood had to customize their recipes to meet the
customers’ needs. The dishes were added to their menus, and they also updated the
recipes to get more customers. However, College A did not have any foreign teachers
and students living around the campus, so the foods in this place was less diverse. The
food diversity in this community was mostly affected by native students living around
campus. In the interviews, most local residents revealed that they resisted to change.
Although all the participants accepted that food diversity was inevitable, 45
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participants (37.5%) responded that they only cooked traditional foods at home and
did not encourge food diversity. Whenever they ate out, the middle-aged and the
elderly only ordered traditional foods. Interestingly, young people seemed to be more
adaptable; they welcomed a wide variety of dishes.

Diversity
Table 4
Local Residents” Opinions of the Effects of the Colleges on Community Diversity

n=120 College A (n=35) College B (n=45) College C (n=40)
M SD 14 a M SD 14 a M SD 14 a

Food 39 71 002 78 461 82 .000 .77 456 94 .000 .80

Thoughts 326 52 004 .83 345 76 004 .81 331 .8 .004 .81
and beliefs

Lifestyles 359 62 003 80 392 .63 003 82 415 72 .000 .79

Spare time 3.87 .81 .001 .81 3.74 54 .002 .80 340 .63 .004 .82
activities

The second most influenced category in the community around College B and
College C was the lifestyles, but it was about interests in the community around
College A. According to the local residents, the lifestyles of the students and the
academic staff living as tenants influenced the houseowners a great deal. For instance,
as students usually stayed up late, most local residents, except the retired people, now
went to bed at around midnight instead of 8 or 9 o’clock as they used to. Young people
picked it up first, and then spead it out to other family members. All the traditional
families who had dinner, watched television, and communicated together were
affected. This constituted 56.5%. Nevertheless, those families whose members lived
independently were not really affected. In this type of family, most young people went
to bed around midnight, and the middle-aged went to bed at around 10 o’clock. Other
clear-cut examples of lifestyle diversity included preferrences of fashion, habits, and
behaviors. Local residents also responded that young people were eager to change and
adapt to the diversity. On the one hand, many teenagers picked up Korean and
Japanese fashion styles, but resisted Korean and Japanese sets of etiquette because they
were thought to be complicated. On the other hand, they picked American style of
communication. In traditional communication etiquette of Vietnam, teenagers were
advised to bow slightly or to shake with two hands in business to show their respect
to elder people, but they did not do so. Instead, they preferred to smile and greet with
Vietnamese equivalent of “hello” and shake with only one hand even when greeting
with older people. Local residents attributed this change to the impact of foreigners’
lifestyles. An examination into the the demographic features showed that 4 Korean
teachers, 2 Japanese teachers, and 5 American teachers from College B lived in the
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nearby community for 3.5 years, and 5 Korean teachers, 3 Japanese teachers, and 5
American teachers from College C dwelled in the community around it for about 4
years. Also, these foreigners communicated with young people more often than the
elderly in the communities. The demographic features of these foreigners were in line
with the local residents” opinions about their influence on the young people’s lifestyles
in the communities.

Thoughts and beliefs were considered to be influenced the least in terms of the
community diversity. The differences in the residents’ opinions about the effects of the
colleges on the communities were marginal, within the range of slightly over 3.25 to
3.45. Statistical analysis showed that these effects were significant, p < 0.05. The
residents’ responses in the interviews confirmed this. In general, thoughts and beliefs
in Vietnam were of relative uniformity and solidity. The students and Vietnamese
academic staff living as tenants softened some family traditions. For example, parents’
words were not law any longer. That is, families were democratic. However, most
families still practiced ancestral worship, a long-lasting tradition in Vietnamese
culture. Considering the effects of foreigners, residents responded that the 3-4 year
period was too short to change the common thoughts and beliefs. In addition, although
most of these foreigners practiced Christianity, the communities around the three
schools still remained buddhists or pagoda-goers. None of them changed their
religions or appeared to have an intent to change their religions.

The reasons for the influence on spare time activities originated from their contact
with the people from the colleges. College A had sports teams and clubs, and local
residents around it were allowed to join them. However, the local residents around
College B revealed that its influence was from the students and staff. Previously,
people had preferred to read books and watch television in their spare time.
Nonetheless, as the tenants wanted to relieve their homesickness, they set up sports
teams. The most popular ones were soccer and badminton because they were easy to
play and did not require any special instruments. Critically, some residents said that
College B neither often organize sporting events for its students nor did it have a
stadium. Foreigners here also interacted with the community much. That was the
reason why the physical activities done in this community were also diverse.
Interestingly, College C had a stadium, but it only served its students and staff.
Students and staff living in the community around the college did not participate
regularly in the events held by the community.

Social Cohesions

Statistical analysis (Table 5) demonstrates that the colleges had significant effects
of the cohesions of the communities. College B was considered to influence the
community the most. The community close to College C moderately influenced, with
a mean score of slightly above the average. College A, according to the residents’
responses, had considerable effects on its community activities and equality. In the
interviews, the residents responded that students and staff (including foreigners) of
College B living as tenants were sociable. They participated in most of the community
activities, such as sporting events and celebrations. The students and Vietnamese staff
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also initiated a few leisure activities for community cohesions. As a result of the
existence of young people in the community, parents seemed to become more tolerant.
As aresult, equality was obtained. However, all the students and staff from College A
living as tenants were Vietnamese. Their participation in community events was easy,
but they usually returned to their hometown on holidays and in the summer. That did
not mean they had no effects on the community cohesions. Their interactions with the
local residents in daily life activities were the source of change. Although College C
shared similarities with College B in that its Vietnamese and foreign staff lived off
campus, they did not interact a great deal with the local residents. Their influences
were less direct.

Table 5
Local Residents” Opinions of the Effects of the Colleges on the Community Cohesions

n=120 College A (n=35) College B (n=45) College C (n=40)
M SD P [oi M SD p a M SD 14 a

Socialevent 415 126 .001 .85 427 1.09 .000 .87 372 1.07 .000 .78
Interactions 392 134 .002 .81 4.08 113 .001 .83 331 123 .004 .76
Equality 422 .85 .000 .82 413 1.04 001 .81 397 97 .002 .80

Quality of Life

The local residents’ responses revealed the three colleges had different influence
patterns on the quality of life of local residents (Table 6). College A had most influence
on the mental health of the community, while College B and College C had most
influences on sense of safety and living conditions. A closer look shows that College B
had more influence on its nearby community than did the other two colleges. The local
residents explained, in the interview, that the Vietnamese and foreign staff from
College B and College C helped to improve the locals’ living condition. The local
residents added interesting information that College B seemed to be from wealthier
families, and their expenditures added materialistic values to homestay owners.

The statistical analysis also showed that the local residents were concerned about
sense of safety as an effect of the colleges. Regarding this concern, a female resident
named Dan around College A said “They have different backgrounds. We do not
know much about their families. We felt unsafe.” Another resident said “Traffic has
been becoming worse, especially in peak hours. It is always crowded with students
here now.” A landlord around College B said “Although most tenants here looked
wealthy, we are not worried about theft, but violence. It may influence our children’s
development.” Another resident responded “Traffic is terrible. Streets are congested
with students in the daytime. Traffic accidents, as a result, are more frequent now.” A
resident around College C was also concerned about violence. He said “The staff from
the college were nice, but the students sometimes drink alcohol. They gather and drink
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beer or wine. Their friends outside the community also come over and join them. Thus,
violence occurs between the students and their friends or between them and the local
young people. However, they apologize afterwards.” Another local resident living
close to College C said “Thefts sometimes happened, but landowners did not call the
police because they did not want the police to look into their business.” She added
“We do not care much about those tenants who have been living here for a year or
more. We know them well. First-year students living as tenants often caused trouble.
Sometimes they are asked to move.” In a word, the local residents were concerned
about traffic problems, theft, violence, and first-year students’ adaptability.

Table 6
Local Residents” Opinions of the Effects of the Collges on the Community Life Quality

n=120 College A (n=35) College B (n=45) College C (n=40)
M SD 14 a M SD 14 a M SD 14 a

Physical 325 101 .005 .76 321 152 .005 .74 3.09 134 .005 .74
health

Mental 422 135 .001 84 419 147 001 .83 332 128 .004 .78
health

Sense of 415 116 001 83 432 139 .001 .87 421 132 .001 .82
safety

Living 403 151 .001 85 437 1.09 .000 .8 410 121 .001 .83
condition

The quantitative data also showed that the colleges had the least effect on public
physical health. In the interviews, the local residents confirmed that these influences
were positive. As College A allowed the local people to join its institutional activities,
young people in the community joined the school league. Public health had been
improving, as a result. College B, although did not welcome the participants of the
local residents in the school activities, was considered to have positive effect on public
health. A local resident said “Since the college began to operate, sports clubs have been
constructed in the community to serve both local residents and tenants.” However,
College C was believed to have the least effect on public health of the nearby
community.

Regarding mental health, most local residents around College C believed that the
influence was caused mostly by the students. They were noisy. College A and College
B were supposed to have more influence on mental health of the nearby communities.
Most of the responses criticized public noise caused by the students. A landowner
revealed that “They laugh and speak very loud. I warned them many times.
Sometimes they made loud noise at night.” A female resident said “They make noise
even in public in the daytime. They speak loud along the street.” Another resident
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responded “Because the community did not have a soccer court, some local young
people together with the tenants played soccer in the streets late in the afternoon. It
was very noisy.” However, one landlady in the community around College B provided
positive feedback that she was less worried because her living condition had been
improving. She added “I have learned about cultures of Japan, United States of
America, and Korea from the foreigners from the college.”

Effects of Institutions of Higher Education on the Community Perceived by College Students
and Staffs

Table 7

College employees” and students’ opinions of the effects of the colleges on community

n=1,470 College A (n=423) College B (n=520) College C (n=527)
M SD p a M SD p a« M SD p o«

Equity 403 124 001 .8 412 131 .001 .82 415 1.05 .001 .83
Diversity 3.03 136 .006 .80 321 142 .004 81 306 134 .005 .78

Social 397 143 003 83 432 125 .000 .8 323 156 .004 .79
cohesions

Quality 378 1.02 .002 .83 411 114 000 .84 391 142 .002 .80
of life

The employees and students of the three colleges living off campus responded that
their impacts on all areas of concerns about the communities were at least moderately
significant (Table 7). In general, their responses confirmed the local residents” opinions
about the effects of the colleges. However, the employees and students believed that
they had less influence than did the local residents.

Regarding the equital contributions, the respondents around College B and College
C were supposed to have more effect than College A. They explained that college staffs
and students living off campus contributed greatly to developments of the
communities by their expenses, especially overheads and food. They further explained
that the electricity and water supply they used were overcharged by the landowners.
They were mostly double-priced. Regarding social equity, most of them revealed that
many disadvantaged people did not receive sufficient care. Most elderly and disabled
people mainly depended on their families. Communal aids were rare, but some people
personally received financial aids or charity from generous people. One student said
“Some people cannot even afford health care.” He added “Health care for disabled
and old people should be free of charge.” A Vietnamese employee said “Health care is
partially included in the health insurance for working people, but unemployed people
had to pay the whole bill.” A foreign employee also responded “Health care for
physically and financially challenged people should be free of charge.”, “There should
be a community fund for this if health care benefit is not provided by the
government.”, he added.
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Diversity was considered to be the least concerned area, with a mean score slightly
above the average. The diversity of the community around College B was considered
to be the most influenced. In the interviews, the students and employees revealed that
harmony was always a problem. Young people could integrate easily, but new
lifestyles, thoughts, and interests were not really welcomed by the middle-aged and
elderly. They seemed to be closer to those people born in the community than to people
from other places. A student further explained “I do not think it is an example of
generation gap. They even criticize lifestyles of foreigners here. I sometimes overheard
about it.” A Vietnamese employee detailed that “They even made jokes of tenants’
accents.” A foreigner said “I do not care much about their discrimination, although I
know it exists.” She added “The problem is that I find it hard to communicate with the
local people sometimes. You know, communications between people in the same
community are inevitable.” Another foreigner said “I usually ask my students or
school staff to assist me when I am in need of help.” It can be seen from the tenants’
responses that the local residents did not really encourage diversity. However, the
effects of the colleges on the communities were unwanted and unavoidable.

The influences of the colleges on social cohesions were also considered by the
employees and students to be significant. College B was assumed to have the most
effect in this respect. In the interviews, the respondents said that unimportant social
events or community activities provided circumstances for their interactions with the
community members. They also said that interactions between tenants and
landowners were rare. For example, student Thanh said “Do I talk to them only when
it is really necessary.” A further student said “When there are important celebrations,
such as national holidays, tenants here often return home. Foreigners travel instead.”
A foreigner revealed interesting information “Language barriers often make
interactions between local people and foreign tenants impossible.” Another foreigner
added “Culture shocks make communications unfrequent.” He recounted his personal
experience that the local people often asked him personal questions. He explained “It
seemed that I was being investigated. That made me uncomfortable.” However, most
students and employees as tenants around College B said that people were open-
minded and understanding. Many of them could speak English, although not very
proficiently. They respected personal styles and privacy. In summary, social cohesions
in the community around College B were considered to be modified by its employees
and students living around the campus as a result of their interactions. However, the
unfrequent interactions between the employees and students as tenants around
College A and College C made effects on the communities less direct and solid.

Finally, the employees” and students” opinions about their effects on quality of life
were generally positive. All of them responded that their expenses improved the living
conditions of the communities, which in turn greatly contributed to the well-being of
the communities. One student said “Landowners do not worry about income now.”
They accepted that some tenants were very noisy. “But noise is usually caused by new
comers.”, another student said. They also expressed that “Traffic is unavoidable, but
students should not be blamed. Traffic congestion is a concern of macro-
management.” However, they admitted that some students rode motorbikes
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carelessly, and accidents, therefore, happened. One student added “Local young
people caused more traffic accidents than tenants. They behaved carelessly because
they thought they were indigeous.” The Vietnamese and foreign employees confirmed
their words by the students. Concerning sense of safety, the respondents around
College A also revealed that they did not feel a sense of security; however, the
respondents from those living around College B and College C were mostly positive.

Discussion, Conclusions, and Recommendations

The domains of sustainable development may be hard to be separated. A
conclusion if a place has sustainably developed required examinations into different
indicators (Davidson, 2010). This study investigated only social sustainability as an
indicator of sustainable development. From the results, it can be said that the
communities around College A, College B and College C had been developing.
However, social sustainability was still quite far. Effects of built institutions on the
nearby community were both possitive and negative. From the results, the effect on
social equity was positive and highly appreciated by the community. However, the
impacts on diversity, social cohesions, and quality of life were both positive and
negative. From the positive view, quality of life developed as a result of economic
development. However, the local residents, especially the middle-aged and elderly,
took the detrimental effects serious.

The findings also illustrated that the re-location or construction of college or
university may cause effects on equity, diversity, social cohesions, and quality of life.
An educational institution with most students and employees, including teachers,
living off campus is usually of the most influence. The construction of dormitories for
these groups may be ideal. However, in contexts where this is impossible, school
administrators are advised to establish a professional or business network with the
landowners in the neighborhood to assist their students” and employees” lodging.

The employees from the colleges living off campus were of more benefit than harm
to the community. The local residents did not really complain much about them. They
were considered to add much materialistic values to the community. Foreign teachers
from the colleges were assumed not to cause any concern of safety either. However,
these people did not integrate much with the community in which they lived. From
the view of social sustainability, this was not really positive. All the community
members should have had social interactions or cohesions instead. Their cohesions
could lead to strong development of the whole community through meetings.

Cultural differences were generally unwelcome. This made the expatriate teachers
feel uncomfortable in communication with local residents. Open-mindedness may be
helpful. The use of your own culture to judge people from other cultures cannot bridge
the gaps between different ethnic groups (Hoa & Vien, 2018). Also, new comers to a
particular community, in case of college and university, can be students and non-
native teachers who find the local culture and practices different from theirs. They
should find some ways to understand and adapt to the local norms. Adaptation can
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give them a sense of well-being. Mutual respect should be an issue in contemporary
life. In the age of globalization, it is common that people living in the same community
are from different places, and mutual respect is appreciated, which in turn contributes
to social sustainability (Bagceli Kahraman & Onur Sezer, 2017). In summary, accepting
the existence of different cultures may help to make the social cohesions in this case
better.

In addition, apart from contributions of new community members, such as equity,
infrastructure should be an issue of concern. When an educational institution of higher
education is constructed, there should be a concern of transportation. The
governmental authority of the community should improve transport systems. Schools
should also have mass transits for their own students. The equital gains from the
colleges should be partly distributed as a return to the community as financial aids to
disadvantaged people or funds for infrastructure development and maintenance.
Community planning is essential in that it should predict and foresee both positive
and negative effects so that necessary preparations can be done.

It is also significant to educate people, including local residents and tenants about
the importance of social sustainability. In particular, education can be implemented
cognitively, which may help carve knowledge and result in retention of knowledge
(Hung, Vien & Vu, 2018). Alternatively, education of social sustainability can be
undertaken from a social approach in that people and media play a crucial role in
transmitting knowledge and arouse awareness of social sustainability.

What's more, sense of security is essential. Noise and violence may make people
unproductive and may cause detrimental influence on health. In celebrations, young
people may make uncontrolled and unexpected noise and violence. This probably
accumulates a bad public image in a long run. Interactions in community are essential
so that sympathy is grasped. In interactions between groups of people in a community,
people understand what they should do and what they are expected to do. Thus, they
can make adjustments.

As this study was a type of primary research on the effects of educational
institutions on community from the view of social sustainability, it was difficult to
conclude if these communities had been improved over time. In a broad scale, because
social sustainability was not widely researched in the world, it may be early to
construct a model or framework about the effects of institutions of higher education
on the neighborhood. However, the findings could generally confirm the model by
Cato (2009) that economic development could be in the center of sustainable
development. The respondents accepted that their living conditions, well-being and
health improved tremendously from the tenants” expenditures. Finally, the impacts of
the institutions of higher education involved in this study were mainly based on the
participants’ responses. Although a number of measures were taken to increase the
research validity and reliability, this could not describe the whole picture of the issue.

Further studies can take a holistic approach to sustainable development as a result
of the effects of educational institutions. They may also include observations of the
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changes of a community over time. Researchers may also take into account more
educational institutions of higher education in other contexts.
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Introduction

According to Petty and Cacioppo (1996), attitude is a tendency of conducting
behavior and is not observable. Attitude can be defined as positive or negative feelings
about a human, object or subject (as cited in Genc, 2015). Students' attitudes towards
science have been studied in different research contexts for years. In the literature there
are lots of quantitative studies regarding students” attitudes, and results of the studies
revealed that students have negative attitudes towards science. This negative attitude
prevents many students from exhibiting positive attitudes towards scientific research
and from continuing scientific inquiry (Arisoy, 2007; Azizoglu & Cetin, 2009;
Hacieminoglu, 2016). Researchers tried to develop students’ attitudes toward science
using different teaching methods. One of these studies is conducted by Akamca and
Hamurcu (2005). It aimed to investigate the effects of science lessons designed
according to multiple intelligence theory on fifth grade students’ achievement,
permanence of knowledge and attitudes towards science lessons. At the end of the
study, conducted through Pre-test - post-test control group quasi-experimental
design, It was found that instruction based on multiple intelligences had a significant
effect on achievement and permanence but no significant relationship was found
between the instruction method and students’ attitudes towards science lessons. In
another study, (Celik, 2006) examined the effect of web-based science lesson
instruction on 9th grade students’ problem solving skills and attitudes towards science
lesson. In the experimental group, web-based research and discussion environment
was created to support the instruction process. Results suggested that web-based
instruction did not have a significant effect on students’ attitudes towards science
lessons.

Sasmaz Oren and Tezcan (2009) conducted a quasi-experimental study to examine
the effect of learning cycle approach on 7th grade students’” attitudes towards science
lessons. In the experimental group lessons were taught through learning cycle method
for five weeks. Results suggested that attitudes of students in the experimental group
increased significantly compared to the attitudes of students in the control group in
which the instruction is done through traditional methods. Similarly, Cibik (2009)
aimed to investigate the effect of project-based learning approach on 7th grade
students” attitudes towards science lessons. Pre-test - post-test control group quasi-
experimental design was used in the study. Project-based learning approach was
explained to teachers and students in the experimental group. The implementation
process lasted six weeks and every week, students presented their studies. Results
suggested that project-based learning approach significantly increased students’
attitudes towards science lessons. Koc and Bocek (2012) examined the effect of
activities done with simple materials on the 7th grade students’ attitudes towards
science lessons. Pre-test - post-test control group quasi-experimental design was used
in the study. In the experimental group, the force and movement unit was taught
through methods such as direct instruction, question-answer and discussion, and
along with these methods students conducted experiments with the materials they can
find in their immediate environment. At the end of the study it was found that the
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experiments done with simple materials had a significant effect on their attitudes
towards science lessons.

There are also studies assessing technology integrated classroom on students’
attitudes towards science. One of these studies conducted by Gomleksiz and Fidan
(2013) aimed to determine the effect of computer-supported mind map (CSMM)
technique on 7th grade students’ achievement, attitudes towards science and
technology lesson and permanence of knowledge. They also aimed to find out views
of teachers and students regarding the activities. Results revealed that CSMM
technique was more effective in teaching science and technology lesson than the
traditional teaching methods. This shows that CSMM technique is more beneficial for
improving academic success in teaching of science and technology lesson. As a result
of the activities done through CSMM technique students’ achievement and attitudes
towards science and technology lesson improved more than the students taught
through traditional methods. Another study is the one conducted by Sakiz, Ozden,
Aksu and Simsek (2014). Researchers aimed to examine the effects of smart board use
on the fourth grade student’s achievement and attitudes towards science lesson. Pre-
test — post-test control group quasi-experimental design was used in the study. The
sample group was composed of 78 fourth grade students. Results revealed that smart
board use had a positive effect on students” achievement and attitudes towards science
lesson.

There are also some similar experimental studies regarding the effects of new
teaching strategies (such as, STEM, discovery, out of school learning environment)
entering the new science program on students’ attitudes towards science. Firstly,
Yamak, Bulut and Dundar (2014) aimed to examine the effect of STEM approach on
fifth grade students’ attitudes towards science lesson and scientific process skills. The
sample of the study was composed of 20 elementary school students studying in
Ankara. In this study, which was conducted through single group pre-test - post-test
design, three different STEM activities were applied. In the implementation process,
teacher explained the task and gave materials. Students discussed the process, tested
and evaluated their models, and lastly presented them. Results suggested that STEM
education positively affected students’ attitudes towards science lesson and their
scientific process skills. Secondly, one of the studies examining the effects of discovery
method was conducted by Unal and Ergin (2006). It aimed to investigate the effect of
activities prepared in accordance with the constructivist approaches for the teaching
of liquid and gas pressure unit on 7th grade students’ achievement and attitudes
towards science lesson. Results revealed that activities done through worksheets
prepared in line with discovery approach improved students’ achievements
considerably but it was also found that these activities improved students” attitudes
towards science in a low level. Similarly, Kucuk (2014) aimed to determine the effects
of simulation method on the 7th grade students” achievement in light unit and their
attitudes towards science lesson. Pre-test — post-test control group design was used in
the study. In experimental group, lessons were taught through simulation method,
and constructivist approach was used in control group. Results showed no significant
differences between two groups. Another study on light and sound unit was
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conducted by Teker, Kurt and Karamustafaoglu (2017). It aimed to examine the effect
of using discovery learning method in light and sound unit on fifth grade students’
achievement and attitudes towards science lesson. Pre-test - post-test control group
quasi-experimental design was used in the study. Discovery learning approach was
used while teaching the experimental group. In control group lessons were taught
according to the curriculum and students” book prepared and offered by Ministry of
Education. Results suggested that the discovery learning approach had a significant
effect on students” achievement and attitudes towards science lesson. Thirdly, one of
the studies conducted about science festivals, an out-of-school learning environment,
belong to Yildirim and Sensoy (2016). It aimed to investigate the effects of science
festivals on 6th grade students” attitudes towards science lesson. Lessons were taught
according to the 6th grade science lesson curriculum in both experimental and control
groups. However, students in experimental group spent an additional 15-minute of
one lesson in every week on the science festival preparations. Some information
regarding science festivals, scientific methods, research steps and project diaries were
given to the students in experimental group. It was seen from the results that attitudes
of the students in the experimental group increased significantly and this increase was
preserved for three months after the study. Lastly, Keles and Oner (2016) aimed to
examine the effect of elective science applications course on seventh grade students’
attitudes towards science lesson. The sample of this quasi-experimental study was
composed of 212 seventh grade students studying in Agri. The implementation
process lasted 33 weeks. Activities were done with the students taking this course.
Post-test was applied to all the students whether they took this course or not. Results
revealed that elective science applications course had a significant effect on 7th grade
students” attitudes towards science lesson.

In the literature there are also some descriptive and correlational studies regarding
students” attitudes towards science. One of these studies conducted by Bozdogan and
Yalcin (2005) aimed to determine 6th, 7th and 8th grade students” attitudes towards
physics topics. Descriptive survey model was used in the study. The sample group
composed of 337 students (172 male, 165 female). Data were collected through an
attitude scale prepared for 6th, 7th and 8th grades separately. It had 33 items in total.
Results revealed that while the class level increases students” attitudes towards physics
experiments decrease. When the educational opportunities were taken into
consideration, attitudes of students studying in second type of schools (better
educational opportunities and more teachers) were the highest. After that came the
third type of schools (educational opportunities were the best, had the most teachers,
were in the city center and were mostly preferred) and first type of schools (limited
educational opportunities, less teachers and located in the countryside). Another study
examining primary school students” attitudes towards science lesson was conducted
by Kozcu-Cakir, Senler and Gocmen-Taskin (2007). It aimed to determine the
relationship between primary school students” attitudes towards science lesson and
various variables. These variables were as follows: class level, gender, the residential
area they live in, educational level of their parents, socio-economic status of their
parents, presence of a study room of their own and frequency of using laboratories in
science lessons. Descriptive correlational design was used in the study. 440 primary
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school students studying in central districts of Mugla participated in this study.
Results revealed that there was a significant difference between 6th grade students’
and 7th and 8th grade students” attitudes towards science in favor of 6th graders.
However no significant difference was found between the attitudes of 7th and 8th
graders. It was found that as the class level increased the attitude scores decreased. No
significant difference was found between students” attitudes towards science lesson
and their gender, residential area they live in, parents’ education status and family’s
socio-economic status. It was also found that having a private room positively affected
their attitudes towards science lesson. It can be concluded that because the students
having a private room had a more comfortable study environment, they were more
successful in their lessons and their attitudes increased accordingly. According to
results of the one-way analysis of variance, a significant difference was found between
students” science lesson achievement and their attitudes. The students successful in
science lessons had more positive attitudes towards science. Moreover, when the
laboratory use was examined, a significant difference was found between the groups
who use science laboratories sometimes, usually and always and the group using it
never. The difference was in favor of the laboratory using group.

The other one is the study of Karacam, Mirza and Elitok (2013) that aimed to
compare the 6th grade students’ attitudes towards science lesson to their frequency of
watching documentaries and their gender. 157 students studying at the sixth grade of
an elementary school in Ankara participated in the study. Results revealed that
students watching documentaries about science topics more often have more positive
attitudes towards science lesson than students watching them rarely.

There are also some recent studies related to students’ attitudes towards science
and related variables. One of these studies belongs to Kapici and Akcay (2016). The
purpose of this study was to investigate middle school students” attitudes towards
science. Sample of this study constituted of 2063 fourth to eight grade students from
all regions of Turkey. Results revealed that girls have more positive attitudes than
boys, and while students” grade level increases, attitudes toward science decrease. The
other study conducted by Keles and Aydin (2017) examined elementary school
students’ attitudes towards science in terms of class level. 649 students (161 fifth grade,
174 sixth grade, 152 seventh grade and 162 eighth grade) participated in the study.
Results revealed that students” attitude scores only decrease as they get through from
fifth to sixth grade, and that attitude scores stay almost the same for the other class
levels.

In educational research data generally have a nested structure. Each student might
be nested within some schools or classrooms. Beside this, these schools or classrooms
might be nested within any other location such as a district, province, region, or
country. If these hierarchical data are analyzed with traditional linear model, some of
the basic assumptions especially the independence of observation is violated. The
students in the same group (a classroom or a school) are more similar than the students
in different groups. All the students of a school or a class are affected by the school or
class atmosphere in the same manner. Additionally, the factors that affect the students
in the same group (a school or a classroom) have the same effects on only if all the
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students are in the same group. For example; the educational resources of school A
affect all the students of school A in the same way. On the other hand, they do not
have any effects on the students of school B. Therefore, students in different groups
can be independent; however the students in the same group like same classroom or
same school have the same value on some classroom or school factors. If these
hierarchical data are analyzed with the traditional linear model, some of the basic
assumptions, especially the independence of the observation, are violated. If the
independence of observation assumption is violated, estimating the coefficients can be
biased, and the estimates of standard errors can be smaller than they should be. Each
group is represented by its own sub-models when the data are analyzed using the
hierarchical linear modeling technique (HLM). These sub-models not only show
relationships among the variables at the same level, but also reveal the effect of the
variables at this level on the other level. For this reason, HLM is a more reliable
statistical technique for identifying relationships in studies for hierarchical structural
data (Raudenbush & Bryk, 2002). In recent years student, classroom and school level
predictors have been investigated using large scale data such as TIMMS and PISA.
While some studies in the literature (Huffman, Lawrenz, and Minger, 1997; Le Mare
and Sohbat, 2002) support the conclusion that students with female teachers feel more
comfortable and safer, Gilmartin, Denson, Li, Bryant and Aschbacher, (2007) found no
relation between the number of female teachers in schools and their interest in science
courses (as cited in Hacieminoglu, Ertepinar, Yilmaz-Tuzun & Cakir, 2015). Meta-
analysis studies of Fuller (1987), Hanushek (1997) and Burtless (1996) revealed that
most of the studies they investigated supported the idea that teaching materials, and
instructional resources such as school library, availability of science laboratories in
science teaching were positively related to students” achievement. Students’ attitudes
towards science is strongly associated with students’” achievement. Therefore, it is
necessary to study the factors that predict the attitudes of the students towards science
taking into account the factors at both the school and the student level.

The purpose of this study was to investigate what school- and student-level factors
are associated with students’ attitudes towards science. The specific research questions
were:

1. Are there any differences in students’ attitudes towards science among schools?

2. Are proportion of female science teachers, ability grouping between science
classes, quality of school’s physical infrastructure and quality of school’s educational
resources associated with students” attitudes towards science?

3. Are students’ background characteristics, factors related to students
characteristics, factors related to student feelings and outside activities and earning
and motivational factors associated with students’ attitudes towards science?
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Research Design

Method

The overall design of this study is mainly a cross-sectional survey and
correlational. Fraenkel and Wallen (2003) stated that the survey type of research is
used to describe the characteristics of a population through asking a set of questions.
Moreover, correlational type of research is used to determine the relationships among
two or more factors without any manipulation.

Research Sample

The convenience sampling method was used in this study and 2975 sixth, seventh
and eight grade elementary students in different schools and cities of Turkey
constituted the sample of this study. The distribution of the students” demographic
characteristics was presented in Table 1.

Table 1

Demographic and Sociodemographic Characteristics of Participants

Demographic Characteristics Number % Percent
Marmara 430 144
Black Sea 382 12.9
Central Anatolia 1004 33.7
Region Aegean 633 21.2
Mediterranean 392 8.5
Eastern Anatolia 114 3.9
Southeastern Anatolia 20 0.7
Female 1531 51.5
Gender
Male 1444 485
Low 721 24.2
Income Medium 1520 51.1
High 734 24.7

Research Instruments and Procedures

The Test of Science Related Attitude, Learning Approach Questionnaire,
Achievement Motivation Questionnaire, School Background Questionnaire were used
as data collection tools for this study. The information about data collection
instruments was summarized in Table 2.
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Information about Data Collection Tools

The Test of Learning Achievement School Background
Science Related  Approach Motivation Questionnaire
Attitude Questionnaire  Questionnaire

Scale type 5-point Likert- 4-point Likert-  4-point Likert-
type scale type scale type scale

Developed by Fraser (1978) OECD Publications
(2004, p.316)

Translated and Arisoy (2007) Caliskan, Caliskan, (2004)

adapted into (2004)

Turkish

Used by Hacieminoglu Bou Joude Bou Joude Hacieminoglu,

(2016) (1992) Cavallo  (1992) and Ertepinar, Yilmaz-Ttiztin
and Schafer Cavallo and & Cakir (2015)
(1994) Schafer (1994)

Items 40 items 22 items 14 items Information obtained
from the principals of
each school

Dimentions Adaptation of Rote learning Learning goals School SES

and reported scientific a .81 a.94

cronbach alpha  attitudes,

reliability index  Enjoyment of Performance Ability grouping

science lessons, goals a .82 between science
classrooms,

Leisure interest ~ Meaningful Self-efficacy a Proportion of female
in science, learning a.76 .89 science teachers,
Career interest Quality of school’s
in science physical infrastructure,
Total Scalea .78  Cavallo, Cavallo, “school buildings and
by Fraser (1978) ~ Rozman and Rozman and grounds”,

Potter (2004) Potter (2004) “heating/ cooling and

Dimentions Adaptation of Rotelearning  Learninggoals  lighting systems,

and cronbach scientific a.77 a .83 “instructional space (eg.,

alphareliability  attitudes a .68 classrooms)”

index (not at all=1, very

Meaningful little=2, to some
learning a.71 extent=3, and a lot=4)
Performance Quality of school’s
goals a .73 educational resources
Enjoyment of Self-efficacy a “Instructional materials
science lessons a 75 (eg. textbooks)”,
83 “science laboratory
Leisure interest equipment and
in science a .84 material”,
Career interest “computers for
in science a .80 instruction”,
“library materials”,

4

“audio-visual resources”
(not at all=1, very
little=2, to some
extent=3, and a lot=4)
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Factors

In this study factors considered are labeled as outcome factors, student level factors
(Level-1) and school level factors (Level-2), and presented in Table 3.

Outcome Factors
The outcome factors of this study were students’ attitudes towards science.
Student Level (Level-1) Factors

Student Level (Level-1) Factors were students’ background characteristics, factors
related to students characteristics, factors related to student feelings and outside
activities, learning and motivational factors.

Students’ Background Characteristics

Students” background characteristics were their socio-economic status, parents’
education level and parents’ occupational status.

Factors related to Student Characteristics

Grade level, Science achievement (science grades) and gender were factors related
to student characteristics. Science grades refer to the achievement scores obtained from
trial high school exam test, which is a standardized test applied by the Ministry of
National Education for all elementary schools.

Factors related to Student Feelings and Outside Activities

The course they like most, whether they read articles or books regarding science,
whether they benefit from the internet sites regarding science, whether they watch
documentaries and whether they share their ideas about science subject with their
families were the factors related to student feelings and outside activities.

Learning and Motivational Factors

Performance goal orientation, learning goal orientation, self-efficacy, rote learning
approach and meaningful learning approach were the factors regarding learning and
motivation.

School Level (Level-2) Factors

School Level (Level-2) factors were proportion of female science teachers, ability
grouping between science classes, quality of school’s physical infrastructure and
quality of school’s educational resources.



68

Eurasian Journal of Educational Research 80 (2019) 59-88

Esme HACIEMINOGLU

Table 3
Outcome, Student and School level Factors
Outcome
Factors Student Attitude
Toward Science
Students’ Socio economic status INCOMEME
background INCOMEHI
characteristics
Parents’” education level DUMMYCOL
DUMMYGRA
Student Parents’ occupational status PARENTOC
Level Factors related to Grade level GRADE7
(Level-1) student
Factors characteristics GRADES
Science achievement SCIENGRA
Gender GENDER
The course they like most DUMMYLIK
Factors related to Whether they read articles READINGB
Student Feelings or books regarding science
and Outside Whether they benefit from INTERNET
Activities internet  sites regarding
science
Whether  they watch DOCUMENT
documentaries
Whether they share their SHARINGI
ideas about science subjects
with their families
Learning and Performance goal PERFGOAL
Motivational orientation
Factors Learning goal orientation LEARNGOA
Self-efficacy SELFEFFI
Meaningful learning MEANINGF
approach
Rote learning approach ROTELEAR
Proportion of female science FEMALESC
School Level teachers
(Level-2) Factors related Ability grouping between ABILITYG
Factors with school science classes
characteristics Quality of school’s physical PHYSICAL
infrastructure
Quality of school’'s QUALITYE

educational resources
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Data Analyses

Hierarchical Linear Modeling (HLM) was selected as a modeling technique in
order to investigate how the school level factors and student level factors were related
to students” attitudes towards science because of the nested structure of the data sets
that means students nested within schools. Models were developed by using HLM 6.0
in order to examine the relations between school level and students level factors.

Results
Results of Research Question I (One-Way ANOVA with Random Effects)

With respect to attitudes towards science in order to answer the first research
question regarding if there were any differences in students” attitude toward science
among schools, one-way ANOVA with random effects model was conducted.

Fori=1, ..., nj students in school j, and j =1, ..., 23 schools, equations at two levels
are:

Level 1 (Students level) Model:

Yij = Poj + 1ij

Level 2 (School level) Model:

Poj = Yoo + ugy

where

Y;; = the endogenous factor, attitude toward science for ith students in jth school
Boj = the intercept (the mean attitude toward science for the jth school)

rjj = the student level error

Yoo = the grand mean

ug; = the random effect associated with unit j (school)

The final estimation of fixed effects obtained from analysis of variance model of
attitudes toward science is represented in the Table 4.

Table 4

Final Estimation of Fixed Effects for One-Way ANOVA with Random Effects for Attitudes
towards Science

Fixed Effect Coefficient Standard Error t-ratio p-value

Average school 3.546715 0.028411 124.836 0.000

mean, Y00
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The analysis of variance indicates that average school mean of attitudes towards
science, the grand-mean of attitudes towards science (yoo), was statistically different
from zero. That means there were significant differences among schools.

The grand-mean of attitudes towards science was 3.546 with a standard error of
0.028, indicating a 95% confidence interval of:

Confidence Interval = 3.546 + 1.96 (0.028) = (3.491, 3.600)
Table 5

Final Estimation of Variance Components for One-Way ANOVA with Random Effects for
Attitudes towards Science

Random Effect Variance Component  df Chi-square p-

value
School mean, ug; 0.01327 22 89.69055 0.000
Level-1 Effect, r; 0.47801

The final estimation of variance components obtained from the one-way ANOVA
with random effects model is represented in Table 5.

The findings also indicated significant (p< .005) variation does exist among schools
in their attitudes towards science (x2 = 89.69055, df = 22). The result also revealed that
school level factors might account for the differences in the students” attitudes toward
science.

At the student level Var(r;) = 02 = 0. 47801. At the school level, To is the variance of
the true school means, Po;, around the grand-mean, yoo. Var(uoj)= too = 0.01327.

The intraclass correlation (ICC), which represents proportion of variance in Y
(attitude toward science) among schools, is

ICC =190 / (T00 + 02) = 0.01327/ (0.01327+ 0. 47801) = 0.027

indicating that about 2.7% of the variance in attitudes toward science is among
schools.

HLM also provides an estimate of the reliability of the sample mean in any school.
The reliability is an estimate of the true school mean and is affected by the sample size
within each school. The overall estimate of reliability is the average of the school
reliabilities. p = .715 indicating that the sample means tend to be a reliable indicator of
true school means. The equation for determining reliability of the mean attitudes
towards science within each school is:

p =Too / [too + (02 / 1nj)]. Therefore, the reliability of the sample mean varies from
school to school because the sample size, nj, varies.

In the following models, additional level 1 (student level) factors will be tried to
reduce the variation within schools (02) and additional level 2 (school level) factors
will be tried to explain between school differences (t00).
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Results of Research Question II (Means as Outcomes Model)

In order to answer the second research question regarding which of the school level
factors are associated with students’ attitudes toward science, means-as-outcome
model was applied.

Equations at two levels are:
Level 1 (Students level) Model:

Yij = Poj + 1

Level 2 (School level) Model:

[30,‘ = Yoo * Yo1 (QUALITYE) + Yoz (FEMALESC) + Y03 (ABILITYG) + Yo4 (PHYSICAL)
+ qu

forj=1,2, ..., nschools
where
Boj = the school mean on students” attitudes toward science

Yoo = the intercept (the grand mean for students’ attitude toward science, that is the
average of the school means on students’ attitude toward science scores across the
population of schools)

yo1 = the differentiating effect of quality of school’s educational resources on the
school mean on students” attitude toward science.

yo2 = the differentiating effect of proportion of female science teachers on the school
mean on students” attitude toward science.

Yo3 = the differentiating effect of ability grouping between science classes on the
school mean on students” attitude toward science.

Yos = the differentiating effect of quality of school’s physical infrastructure on the
school mean on students” attitude toward science.

Too = the conditional variance or school level variance in Po; after controlling for
these school level factors.

ug; = the residual

The model was first run with all four factors, but Proportion of female science teachers,
Ability grouping between science classes, Quality of school’s physical infrastructure were not
significant and were removed from the final analysis. The final estimation of fixed
effects obtained from means as outcomes model of students” attitude toward science
is represented in Table 6.

The results revealed significant and positive relationship between quality of
school’s educational resources and students’ attitudes toward science (yo;= 0.003,
se=0.001).
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Table 6

Final Estimation of Fixed Effects for Means as Outcomes Model for Attitudes toward Science

Fixed Effect Coefficient Standard Error t-ratio p-value
Model for School

Means!

Intercepts, yoo 3.546 0.025 137.868 0.000
QUALITYE, yo 0.003 0.001 2.125 0.045

1 The student level factors were Grand Mean Centered before analysis.

The final estimation of variance components obtained from means as outcomes
model is represented in Table 7. The degrees of freedom for this model (Means as
Outcomes Model) is based on the number of schools with sufficient data, and the
number of school level factors included in the model.

Degrees of Freedom =] - Q - 1, where
J = the number of schools with sufficient data
Q = number of school level factors included in the model
Thus, all schools were used in this analysis and degrees of freedom for this model is:
df=J-Q-1=23-1-1=21
Table 7

Final Estimation of Variance Components for Means as Outcomes Model for Attitudes toward
Science

Random Effect Variance Component — df Chi-square 2 p-value
School mean, ug; 0.01005 21 68.16538 0.000
Level-1 Effect, r; 0.47819

The residual variance between schools (too = 0.01005) is substantially smaller than
the original variance (too = 0.01327) resulting from the analysis of variance model. This
reduction is due to the inclusion of school level factors.

Proportion of variance explained at

7o (ANOVA)- 75 (Meansas Outcomes)

level 1=



Esme HACIEMINOGLU 73
Eurasian Journal of Educational Research 80 (2019) 59-88

0.01327 - 0.01005
Proportion of variance explained at level 1= ——— = 0.242
0.01327

This result indicated that 24.2% of the true between school variance in students’
attitude toward science was accounted for Quality of school’s educational resources.

Finally, in order to examine whether the school attitude toward science means vary
significantly when quality of school’s educational resources is controlled chi-square
statistics was conducted. Chi-square statistic x2 was found as 68.1653 (df=21, p=.00).
This finding indicated that this school level factor namely quality of school’s
educational resources did not account for all the variation in the intercepts. However,
even after controlling for quality of school’s educational resources, schools still varied
significantly in their average attitude toward science views.

Results of Research Question 111 (Random Coefficient Model)

In order to answer the fifth research question regarding which of the student level
factors help to explain the difference in understanding the students” attitude toward
science Random Coefficient Model was conducted.

The equations to answer this question are:
Level 1(Students level):

Y; = Boj + P1(GRADE?) + Bo(GRADES) + B3(SCIENGRA) + B4(GENDER) + Bs
(INCOMEME) + B¢(INCOMEHI) + B(DUMMYCOL) + Bg(DUMMYGRA) + Bo;
(PARENTOC) + Bio(DUMMYLIK) + Bi;(READINGB) + PBij(INTERNET) +
B13(DOCUMENT) + Bi4(SHARINGI) + B15(PERFGOAL) + B16(LEARNGOA) +
B17j(SELFEFFI) + B15{(MEANINGF) + B1o;( ROTELEAR) + r;

Level 2(School level):
Boi = Yoo + uoj

Baj = yqo + ug;,

where

Y;; = Attitude toward Science of student i in class j

Bo = the school mean on attitude toward science

By = the differentiating effect of 7th grade level in school j

B2 = the differentiating effect of 8th grade level in school j

Bsj = the differentiating effect of science achievement in school j
B4j = the differentiating effect of gender in school j

Bs; = the differentiating effect of medium level income in school j



74 Esme HACIEMINOGLU
Eurasian Journal of Educational Research 80 (2019) 59-88

B¢ = the differentiating effect of high-level income in school j

B7; = the differentiating effect of college education level as a highest educational level
of parents in school j

Bs; = the differentiating effect of graduate education level as a highest educational
level of parents in school j

Boj = the differentiating effect of highest parental occupational status in school j
Bioj = the differentiating effect of the course student like most in school j

B1ij = the differentiating effect of if students read articles or books regarding science
in school j

Bioj = the differentiating effect of if students benefit from internet sites regarding
science in school j

P13 = the differentiating effect of if students watch documentary film in school j

P = the differentiating effect of if students share their ideas about science subjects
with their families in school j

B15; = the differentiating effect of students” performance goal orientation in school j
Bis; = the differentiating effect of students’ learning goal orientation in school j

B17; = the differentiating effect of students” self-efficacy in school j

Bis; = the differentiating effect of students” meaningful learning approach in school j
B1oj = the differentiating effect of students’ rote learning approach in school j

Bgj = the coefficient for factor g for class j after accounting for other factors

Yoo = the average of school mean on attitude toward science across the population of
schools

Yq0 = the average ¢ factor- attitude toward science slope across those schools
ugj = the unique increment to the intercept associated with school j
ug = the unique increment to the slope associated with school j

The final random coefficient model included the factors significantly related to
attitudes toward science, and the factors both significantly related to attitudes toward
science and randomly varying. The final estimation of fixed effects obtained from
random coefficient model of is displayed in the Table 8.
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Table 8
Final Estimation of Fixed Effects for Random Coefficient Model for Attitude toward Science

Fixed Effect Coefficient Standard Error  t-ratio p-value
Overall mean 3.213 0.038 83.380 0.000
attitude toward

sciencel, yoo

GRADE?, y10 -0.045 0.021 -2.096 0.036
GRADES, y29 -0.132 0.047 -2.814 0.005
SCIENGRA, y3o 0.020 0.009 2.044 0.041
READINGSB, y40 0.219 0.025 8.764 0.000
INTERNET, yso 0.126 0.023 5.392 0.000
SHARINGI, yso 0.166 0.024 6.903 0.000
SELFEFF], yeo 0.166 0.020 7.946 0.000
MEANINGEF, yeo 0.437 0.022 19.035 0.000
ROTELEAR, yeo -0.310 0.021 -14.557 0.000

1The student level factors were Group Mean Centered before analysis.

The Grade-Attitudes toward science slope coefficients indicates that students from
different grades had significantly different attitudes toward science. Students from
seventh grades (yio= -0.045, se= .021) and eighth grades (yx= -0.132, se=.047)
performed significantly lower than the students from sixth grades on students’
attitudes toward science.

The Science grade- attitudes toward science slope coefficients (yso= .020, se=.009)
indicates that students’ science achievement is significantly and positively related to
students’” attitudes toward science. Students having higher achievement had better
attitudes toward science than the other students.

The reading books - attitudes toward science slope coefficients (yso=.219, se=.025)
indicates that the more the students read articles or books regarding science, the better
attitude toward science the students had.

The Internet- attitudes toward science slope coefficients (yso= .126, se= .023)
indicates that whether they benefited from internet sites regarding science is
significantly and positively related to students’ attitudes toward science.

The Students’ sharing their ideas - attitudes toward science slope coefficients (yso=
.166, se= .024) indicates that students” sharing their ideas about science subject with
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their families was significantly and positively related to students’ attitudes toward
science.

The Self efficacy- attitudes toward science slope coefficients (yso= .166, se= .020)
indicates that students’ self-efficacy was significantly and positively related to
students’ attitudes toward science. Students having high self-efficacy had better
attitudes toward science.

While the rote learning approach - attitudes toward science slope coefficients (yoo=
-.310, se= .021) indicates that students’ rote learning approach was significantly and
negatively related to students’ attitudes toward science, the meaningful learning
approach - attitudes toward science slope coefficients (yso=.437, se=.022) indicates that
students’” meaningful learning approach was significantly and positively related to
students’ attitudes toward science, Students having rote learning approach had lower
attitudes toward science. Students having meaningful learning approach had higher
attitudes toward science.

The final estimation of variance components obtained from random coefficient
model is displayed in Table 9.

Table 9

Final Estimation of Variance Components for Random Coefficient Model for Attitudes toward
Science

Random Effect Variance af Chi-square x2  p-value
Component

School mean, uy; 0.10861 22 125.38959 0.000

Level-1 Effect, r;; 0.54394

Variance among the school means to= 0.108 with a chi-square statistic of 125.389
is found to be statistically significant (p=.000).

The variances in the Analysis of Variances Model and Random Coefficient Model
will be compared to calculate the variance explained at the student level. It can be
compared by creating an index of the proportion of reduction in variance at the student
level by comparing the o2 estimates from these two models.

Proportion of variance explained at

o 2 (ANOVA)- o 2 (Random Coefficient)

level 1= 5
o (ANOVA)
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0.47801- 0.29587
Proportion of variance explained at level 1= ——— = 0.3810
0.47801

By including these student level factors (seventh grade level, eight grade level,
science achievement, whether they read articles or books regarding science, whether
they watch documentaries, whether they benefit from internet sites regarding science,
whether they share their ideas about science subject with their families, students’ self-
efficacy, students” meaningful learning and rote learning approach) as predictors of
students’ attitudes toward science within school variance was reduced by 38.1%.
Therefore, these factors account for about 38 % of the student level variance in attitudes
toward science.

Discussion, Conclusion and Recommendation

This study provides a general overview about students” attitudes toward science
and the predictive variables related to their attitude. Results of the One-Way ANOVA
with random effects in HLM analysis revealed that there are significant differences in
students” attitudes toward science among schools. These differences among schools in
terms of students’ attitudes could be resulted from many factors such as schools,
classrooms, teachers, and students. In the present study factors regarding schools and
students were examined and results were discussed. George (2000) found that 7th
grade students in suburban schools had more positive attitudes toward science than
students in metropolitan and rural schools. Also, Bozdogan and Yalcin (2005)
indicated that attitudes of students studying in second type of schools (better
educational opportunities, more teachers) were the highest. After that came the third
type of schools (educational opportunities were the best, had the most teachers, were
in the city center and were mostly preferred) and first type of schools (limited
educational opportunities, less teachers and located in the countryside).

When the results of the study regarding school level variable were examined, it
was found that while proportion of female science teachers, ability grouping between
science classes, and quality of school’s physical infrastructure were not significantly
contributed to the model, the quality of school’s educational resources significantly
contributed to the students’ attitudes toward science. In this study, instructional
materials (eg. textbooks), science laboratory equipment and materials, computers for
instruction, library materials, and audio-visual resources were regarded as quality of
school’s educational resources. Results revealed that the more educational resources
the schools had, the more positive attitudes students developed towards science.
When the students” attitudes were evaluated in terms of socio-economic status and
parents’ educational level it was found that parents” socio-economic status and their
educational level did not significantly contribute to students’ attitudes towards
science. The results of the present study supported that independent from parents’
socio-economic status and their educational level, the more quality of school’s
educational resources was, the more positive attitudes students developed towards
science. Although the parents’ socio-economic status is not so good, if the schools
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improve their instructional materials (eg. textbooks), science laboratory equipment
and materials, computers for instruction, library materials, and audio-visual resources,
that is to say, if they create a rich and active learning environment, students could
develop positive attitudes towards science. Hacieminoglu(2016) and Perera, Bomhoff
and Lee (2014) supported the idea that, even if the students have a low socio-economic
level, they can be encouraged by their parents to perform well if their families see the
value of science and display a positive attitude toward science. Kozcu-Cakir, Senler
and Gocmen-Taskin (2007), Sinan, Sardag, Salifoglu, Cakir and Karabacak (2012),
Sulun, Ekiz and Sulun (2009) stated that while students” attitudes towards science is
positively related to frequency of having science lessons in the laboratory.

When the results of the study were examined in terms of students’ characteristics
variables, it was found that while gender do not significantly contribute to the model,
grade level and science achievement significantly contribute to students’ attitudes
toward science. Results reflected that gender had no significant contribution to the
model, namely there was no significant difference between boys and girls in their
attitudes towards science. Our findings are similar to those of Dhindsa and Chung
(2003), Kaya and Boyuk (2011), Kozcu Cakir, et al. (2007), Miller, Lietz and Kotte (2002),
Sinan, et al. (2012) and Smist, Archambault and Owen (1994). On the other hand, our
findings contradict the findings of Catsambis (1995), Hacieminoglu (2016), Jones,
Howe, and Rua (2000), Piburn and Baker (1993) and Greenfield (1996) since these
studies revealed that, male students” attitudes toward science was higher than that of
the female students. Also, Gurkan and Gokce (2000) found that female students’
attitudes towards science lesson were higher than male students. On the other hand,
while there is a positive correlation between students” attitudes towards science and
their science achievement, their attitudes are negatively correlated with their grade
level. Namely, as the students’ science achievement increases, their attitudes increase
too. The findings of the present study are similar to those obtained by Hacieminoglu,
(2016), Beaton, Mullis, Martin, Gonzalez, Kelly & Smith (1996); Kozcu Cakir et al.
(2007); Sulun, Ekiz and Sulun (2009); Weinburgh, (1995). Similarly, Gurkan and Gokce
(2000) found that students who were successful in science lessons had a positive
attitude towards science. With respect to the grade level; as the students’ class level
increases, their attitudes towards science decreases. This could be resulted from the
exams which students take to attend a prestigious high school. Students prefer to
memorize the information while studying these multiple-choice exams and this might
affect their attitudes towards science negatively. Related supporting literature,
(Bozdogan and Yalcin, 2005; George, 2000; Kapici and Akcay , 2016; Kozcu Cakir, et
al., 2007; Sinan, et al., 2012) often reveals that the attitude scores of students are higher
in primary school, and that as the students get older their attitudes decrease relatively.
On the other hand, in the study of Keles and Aydin (2017) results revealed that
students” attitude scores only decrease as they get through from fifth to sixth grade,
and that attitude scores stay almost the same for the other class levels. Also, Kaya and
Boyuk (2011) stated that students” attitude scores towards science lesson differ in favor
of 8th graders and that no difference is found for the other class levels.
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Regarding to the factors related to student feelings and outside activities following
variables contributed positively to students” attitudes towards science; whether they
read articles or books regarding science, whether they benefited from the internet sites
regarding science, whether they shared their ideas about science subject with their
families. Similarly, Christidou (2011) suggested that web sites and TV programs about
science had an effect on students” attitudes and interests towards science. Researcher
stated that identifying the negative elements of books, magazines and TV programs
about science by examining their contents positively affected students’ attitudes
towards science lesson (as cited in; Karacam, Mirza and Elitok, 2013). Also, Long and
Steinke (1996) stated that TV programs about science affected students’ attitudes
towards science lesson (as cited in; Karacam, Mirza and Elitok, 2013). George and
Kaplan (1998) examined the effect of parent and teacher variables on students’
attitudes towards science. Results revealed that parents directly or indirectly affected
their children’s attitudes towards science. Researchers stated that parents directly
affect their children’s attitudes by talking to them about their lessons and they
indirectly affect the attitudes by encouraging them to join activities or going museums
and libraries (as cited in; Karacam, Mirza and Elitok, 2013). On the other hand, in this
study watching documentaries had no significant contribution to the students’
attitudes toward science. Karacam, Mirza and Elitok (2013) supported that students
watching documentaries about science topics more often have more positive attitudes
towards science lesson than students watching them rarely.

Learning and motivational factors were investigated in this study. They were
performance and learning goal orientation, self-efficacy, meaningful learning
approach and rote learning approach. From these variables while self-efficacy and
meaningful learning approach contributed positively, rote learning approach
contributed negatively to the students’ attitudes towards science. Performance and
learning goal orientation had no significant contribution to the model as supported by
Hacieminoglu (2016). Similarly, Christidou (2011), George (2000) and Sinan, et al.
(2012) also found that there was a positive correlation between students” attitudes
towards science lesson and their self-efficacy perceptions. Students who believed in
their abilities to perform well in science were more likely to have higher attitudes
towards science than students who were less efficacious.

Recommendation

Since hierarchical data were used in relational screening model to get more reliable
results, techniques which do not violate independence of observation hypothesis such
as HLM must be used. As is seen in this study, different features related to different
schools, classes and teachers could affect attitudes towards science differently. In this
study, students” attitudes towards science differed among schools. When the school
variable was examined, it was found that quality of school’s educational resources
significantly predicted students’ attitudes towards science. Thus, improving
instructional materials, science laboratory equipment and materials, computers for
instruction, library materials, and audio-visual resources in all schools will have a
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potential to contribute students’ attitudes towards science. So, although families’
socio-economic status is below average, students’ attitudes towards science will be
positively affected since the school will provide the materials that their families could
not. Moreover, another finding supporting this one was that the following variables
contributed positively to students’ attitudes towards science; whether they read
articles or books regarding science, whether they benefit from the internet sites
regarding science, whether they share their ideas about science subject with their
families. If the quality of school’s resources are improved students can read articles
and books regarding science and can do research by taking advantage of the internet
sites regarding science in school’s computer laboratory. Teachers should assign
projects that lead students to do research regarding science topics. Teachers should
raise the awareness of families about what they can do with their children, and with
the help of parent-teacher association students” attitudes towards science should be
improved. Teachers should increase self-confidence of students by valuing the projects
and research done by them. They have to make students feel successful in the
classroom environment and thus, by improving their students” self-efficacy, they can
help their students have positive attitudes towards science. As the students’ class level
increases, their attitudes towards science decreases. This could be resulted from the
exams which students take to attend a prestigious high school. Students prefer to
memorize the information while studying these multiple-choice exams and this affects
their attitudes towards science negatively. Therefore, teachers should arrange teaching
learning environments in order to provide meaningful learning experiences, and they
should prefer assessment and evaluation methods based on performance evaluation
rather than multiple-choice exams. If teachers ask questions requiring memorization,
students prefer to learn by memorizing. Therefore, teachers should ask questions to
make students think about how to use knowledge both in the exams and in the
teaching-learning process. So, students prefer meaningful learning to memorizing.
There are many quantitative studies examining students” attitudes towards science.
Enriching science lesson with materials, increasing students’ curiosity, making them
learn by discovering and making them do experimental observations affect their
attitudes positively. In order to examine the reasons why students like science or not
in detail, qualitative studies should also be conducted.
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Ozet

Problem Durumu: Literatiirde, dgrencilerin tutumlar1 konusunda ¢ok sayida nicel
calismalar vardir ve calismalarin sonuglari, 6grencilerin 6nemli ve artan oranda fen
bilimleri ile ilgilenmedigini ve fen bilimlerine yonelik negatif tutuma sahip oldugunu
ortaya koymustur. Pek ¢ok oOgrencinin, bilimsel arastirmaya devam etmelerini
engelleyen, fen bilime karsi olumsuz duygu ve tutumlar1 vardir. Egitim ile ilgili
arastirma verilerinde genellikle i¢ ice gruplanmis bir yap1 vardir. Her 6grenci bazi
okullarda veya smiflarda gruplanmus olabilir. Bunun yam sira, bu okullar ya da
smiflar, il, bolge ya da tilke gibi baska herhangi bir lokasyonda gruplanmis olabilir. Bu
hiyerarsik (asamali) veriler geleneksel dogrusal modelle analiz edilirse, zellikle
gozlemin bagimsizlig1 gibi temel varsayimlarin bir kismu ihlal edilir. Veri asamalt
dogrusal modelleme yontemi (HLM) kullanilarak analiz edildiginde her grup kendi
alt modelleri ile temsil edilmektedir. Bu alt modeller ayni seviyedeki degiskenler
arasindaki iliskilerle beraber, bu seviyedeki degiskenlerin diger seviyedekilere olan
etkisini de ortaya koymaktadir. Bu nedenle HLM, arastirmacilar icin hiyerarsik yapiya
sahip verilerdeki iliskileri tanimlamak i¢in daha giivenilir bir istatistiksel tekniktir.
Ogrencilerin hem okul hem de 6grenci diizeyindeki ozelliklerini goz ontinde
bulundurarak fen bilimine yonelik tutumlarini yordayan faktorler ile ilgili smirl
say1da calismalar bulunmaktadir.

Arastirmamin Amaci: Bu calismanin amaci 6grencilerin fen bilimlerine yonelik
tutumlarini yordayan okul ve 6grenci diizeyindeki faktorleri belirlemektir.

Arastirmanmin Yéntemi: Bu calismanin deseni temel olarak kesitsel ve korelasyonel bir
arastirmadir. Bu calismada uygun érnekleme yontemi kullanilmis ve bu calismanin
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orneklemini Tiirkiye'nin farkli okul ve sehirlerindeki 2975 ilkogretim ogrencisi
olusturmustur. Veri toplama araclar1 olarak fen bilimleri ile ilgili tutum olcegi,
o6grenme yaklasimi Olgegi, basar1 motivasyon olcegi, ve okul ozellikleri anketi
kullanilmistir. Veri analizinde asamali dogrusal modelleme(HLM) kullanilmistir.

Aragtirmamin Bulgulari: Bu calisma, 6grencilerin fen bilimlerine yonelik tutumlar: ve
ilgili yordayici degiskenler hakkinda genel bir bakis sunmaktadir. Asamali dogrusal
modelleme sonugclar: farkli okullardaki 6grencilerin fen bilimlerine yonelik tutumlar:
anlamli diizeyde farklilhiklar gosterdigini ortaya koymustur. Ogrencilerin tutumlar:
bakimindan okullar arasinda olan bu farkin okulla ilgili faktorler, sinifla ilgili faktorler,
ogretmenle ilgili faktorler, 6grencilerle ilgili faktorler gibi bir cok yordayicisi olabilir.
Bu calismada okul ve ogrenci diizeyindeki faktorler incelenmis ve sonuclar
tartisilmaya calisilmistir. Calismanin sonuglar: okul ozellikleri ile ilgili degiskenler
agisindan incelendiginde kadin fen 6gretmenlerinin orany, fen smiflar1 arasinda beceri
gruplamasi, okulun fiziki altyapisinin kalitesinin modele anlamli bir katkisi
olmamakla birlikte, okulun egitim kaynaklarimin kalitesi, 8grencilerin fen bilimine
yonelik tutumlarmna anlamli bir katkida bulunmustur.Bu ¢alismada okuldaki egitim
kaynaklarinin kalitesi olarak, ogretim materyalleri, fen laboratuar ekipmani ve
materyalleri, egitim amagch bilgisayarlar, kiittiphane materyalleri, gorsel-isitsel
kaynaklar ele almmistir. Calismanin sonuglar: okullarin egitsel kaynaklar: ne kadar
yeterli ise, 8grencilerin fen bilimine yonelik tutumlarinin o kadar olumlu oldugunu
gostermektedir.Ogrencilerin tutumlar: ailelerin sosyoekonomik durumu ve egitim
diizeyi, agisindan degerlendirildiginde ailelerin sosyoekonomik durumu ve ailelerin
egitim diizeyi, 6grencilerin fen bilimime yonelik tutumlarma anlaml 6l¢iide katkida
bulunmamustir. Calismanin sonuglar1 6grenci ozellikleri ile ilgili degiskenler
bakimindan incelendiginde ise cinsiyetin modele anlamli bir katkisinin olmadigy, sinif
diizeyi ve fen basarisinin ise 6grencilerin fen bilimlerine yonelik tutumlarma anlaml
diizeyde katki sagladigt belirlenmistir. Fen basarisi 6grencilerin fen bilimlerine
yonelik tutumlarina pozitif diizeyde anlamli katk: saglarken, sinif diizeyi degiskeni
ogrencilerin fen bilimlerine yonelik tutumlarma negatif duzeyde anlamli katki
saglamistir. Yani 6grenci basarist arttikga 6grenciler fen bilimlerine yonelik daha
olumlu tutum sergilerken, siif diizeyi arttikca 6grenciler fen bilimlerine yonelik
negatif tutum gostermektedirler. Bunun yanisira 6grenci duygular1 ve okul dist
faaliyetlerle ilgili faktorler g6z 6ntinde bulunduruldugunda 6grencilerin fen bilimleri
ile ilgili makaleler veya kitaplar okuyup okumadiklari, fen bilimleri ile ilgili internet
sitelerinden yararlanip yararlanmadiklari, fen bilimleri ile ilgili fikirlerini aileleri ile
paylasip paylasmadiklari.gibi degiskenler ogrencilerin fen bilimlerine kars1
tutumlarma olumlu katkilar saglanmustir. Ogrencilerin 6grenme ve motivasyonla ilgili
ozellikleri incelendiginde bu degiskenlerden, oz-yeterlik ve anlamli &grenme
yaklasimi ogrencilerin fen bilimlerine karst tutumlarina olumlu diizeyde katk:
saglarken, ezbere 6grenme yaklasimi ise 6grencilerin fen bilimlerine kars: tutumlarini
negatif diizeyde yordamustir.

Sonug ve Oneriler

Iliskisel calismalarda daha glivenilir sonuglar elde etmek i¢in hiyerarsik yapida veriler
kullanildiginda HLM gibi go6zlemlerin bagimsizligi varsayimini ihlal etmeyen
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teknikler kullanmilmalidir. Bu ¢alismadada gortildugti gibi farkli okullar smuflar ve
ogretmenler ile ilgili farkli 6zellikler 6grencilerin fen bilimlerine yonelik tutumunu
farkli sekillerde etkileyebilir. Bu ¢alismada 6grencilerin fen bilimlerine yonelik
tutumlari okullar arasinda farklilik gostermektedir. Okul ve 6grenci 6zellikleri ile ilgili
degiskenler ogrencilerin fen bilimlerine yonelik tutumlarmmi farkli diizeylerde
yordadigr sonucuna ulasimustir. Bu c¢alismanin sonuclar1 gostermektedirki,
ogrencilerin ailelerinin sosyoekonomik diizeyi ve egitim diizeyinden bagimsiz olarak
okullarin egitim kaynaklarinin kalitesi ne kadar gelismis olursa Ogrenciler fen
bilimlerine yonelik o kadar olumlu tutum gelistirmektedirler. Ailenin sosyoekonomik
durumu ¢ok iyi olmasa bile okullar 6gretim materyalleri (6r. Ders kitaplari), fen
laboratuar ekipmani ve materyalleri, egitim amacl bilgisayarlar, kiittiphane
materyalleri, gorsel-isitsel kaynaklarini arttirirlarsa ve gelistirirlerse, yani zengin ve
aktif bir 6grenme ortami olustururlarsa 6grenciler fen bilimlerine yonelik olumlu
tutum gelistirebilirler. Ogretmenler grencileri bilgisayar labaratuvarlarinda fen
bilimleri ile ilgili internet sitelerinden yararlanarak arastirmalarimi yapabilmeleri
konusunda cesaretlendirmeliler ve onlara arastirma yapmaya yonlendirecek projeler
vermelidirler. Ogretmenler ogrencilerin kendilerinin yaptiklar1 arastirmalara ve
projelere deger vererek onlarm 6zgiivenlerini arttirmalilar. Ogrencilerin sinif seviyesi
yiikseldikge fen e yonelik olumsuz tutuma sahip olmaktadirlar. Ogrenciler goktan
secmeli soru tipinde olan liselere giris sinavlarina ¢alisirken bilgileri ezberleme yolunu
tercih etmektedirler, bu da fen e yonelik tutumu olumsuz bir sekilde etkilemektedir.
Fen Bilimleri programimiz arastirma sorgulama temelli 6gretimi temel almaktadir. Bu
nedenle 6gretmenlerimiz 6grenciyi anlamli 6grenmeye sevk eden, ezbere 6grenme
den uzaklastiracak sekilde ogretim tasarlamaya 6zen gostermeli, ve coktan se¢meli
smavlardan ziyade performans degerlendirmeyi temel alan 6l¢gme degerlendirme
yontemlerini tercih etmelidirler. Ogretmen hem sinavlarda hemde &gretim
stirecindeki sorularinda bilgiyi bilmek yerine bilgiyi nasil kullanacagm bilecegi
mantiksal diisiinme yetenegini gelistirecek sekilde sorular sormaliki hem 6grenci
anlamli 6grenmeyi tercih etsin, hemde ezberleyerek ogrenmekten uzaklagsin.
Ogrencilerin fen bilimlerine y6nelik tutumlarm inceleyen ¢ok sayida nicel aragtirma
mevcuttur, 8grencilerin feni sevmelerinin veya sevmemelerinin nedenlerini daha
detayl1 inceleyebilmek i¢in bu konuda nitel arastirmalar da yapilmalidir.
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Introduction

Today, individuals are expected to have strong interpersonal skills
(Organisation for Economic Co-operation and Development [OECD), 2017). In
today's conditions, cooperative learning (CL) plays a role in helping individuals
acquire the desired skills. The CL can be defined as a learning method in which
students with a common purpose work together in small groups, where each
group member is responsible for the learning of other members (Johnson, Johnson
& Smith, 2014). CL is one of the most important applications in mathematics
education (Parveen, Yousuf & Mustafa, 2017). According to the research results,
CL has a positive effect on students' mathematics achievement (Asha & Al Hawi,
2016; Cumhur & Elmas-Baydar, 2017; Parveen et al., 2017), communication and
social skills (Pandya, 2017), mathematical understanding, and logical inference
skills (Asha & Al Hawi, 2016). CL has many benefits in the field of mathematics
education.

It can be said that the skills expected from the students have changed according
to today's conditions in CL and problem solving process in mathematics education.
In this context, the OECD (2017) has combined its ability to monitore and reflect
with cooperative problem-solving competencies. Dewey (1933) emphasizes the
importance of cooperation in the reflection process. Therefore, reflective thinking
(RT) is a concept that needs to be addressed in the CL process.

Reflection is the ability of the student to present a subject or a problem state,
and to present his / her own thoughts, attitudes, knowledge and abilities (Schon,
1987). Dewey (1933) states that learning consists of reflections on experiences. RT
is an important thinking skill in terms of mathematics education (Kramarski, Weiss
& Sharon, 2013; McNaught, 2010). Mathematical learning process requires to build
up interrelation between concepts, strategy selection and reflection (Kramarski et
al., 2013). The results of the research show that RT supports meaningful learning
in mathematics (Inoue & Buczynski, 2011; McNaught, 2010) and provides students
to reach correct and logical solutions (Agustan, Juniati & Siswono, 2016).

In addition to the importance of RT in mathematics education, some strategies
are important in the process of providing students to reflect. One of the strategies
used in the development of RT skills is "Writing". Writing is an effective tool for
students to express, explore, organize, and reflect ideas about mathematical
content and process (Freeman, Higgins & Horney, 2016; Inoue & Buczynski, 2011;
Suhaimi, Shahrill, Tengah & Abbas, 2016). With "Journal writing", which is one of
the writing activities, students can reflect on their experiences, points they are
strong or weak, important points of an event, how they deal with a power situation,
and their feelings (Farrah, 2012; Guce, 2017, 2018; Mitchell & Coltrinari, 2001).
Students are able to discuss with their group members and evaluate their own
activities with the "Group discussion" strategy that transforms reflective activities
into a social activity (Aldahmash, Alshmrani & Almufti, 2017; Kohen & Kramarski,
2012). Students focus on their own thinking processes, processes, activities through
questions that guide peer interaction and reflection in the "Reflective dialogue"
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strategy (Kohen & Kramarski, 2012; Wille, 2017). Furthermore, if a student is
guided to be present in the '"Self-evaluation", he/she asks himself/herself
questions, is trying to understand how he/she learns, and can think about these
solutions by being aware of his/her strengths and weaknesses. (Agustan et al.,
2016). The students evaluate their mental processes and reflect on their thoughts
audibly at the end of the evaluation with "Thinking aloud" strategy (Taggart &
Wilson, 2005).

When the literature is examined, it is seen that there are studies in which
different strategies are applied in order to improve RT skills of students in the field
of mathematics education (Agustan et al., 2016; Freeman et al., 2016; Guce, 2017;
Kramarski et al., 2013; McNaught, 2010; Suhaimi et al., 2016). However, in
mathematics education in Turkey, there is a limited number of studies on
improving the skills of RT (Kizilkaya, 2009). Therefore, in Turkey, studies on the
RT skills are inadequate, it is necessary and important for the literature to carry out
studies in which RT activities are applied in mathematics education.

One of the concepts related to both CL and TR is critical thinking. Critical
thinking is reflective and logical thinking, focused on deciding what to do and
what to believe (Ennis, 1996). In addition, critical thinking is the judgmental
problem-solving process aimed at improving knowledge (Tiruneh, Verburgh &
Elen, 2014). Critical thinking related to mathematical skills such as problem
solving, questioning, analysis is an important part of mathematics
education (Palinussa, 2013; Sumarna, Wahyudin & Herman, 2017; Su, Ricci &
Mnatsakanian, 2016). Due to the nature of critical thinking, critical thinking
requires reflection and sociability (Choy & Oo, 2012).

In the studies, it has been reported that CL is a method that develops students'
critical thinking skills (Garcha & Kumar, 2015; Loes & Pascarella, 2017; Quines,
2017; Tiruneh et al., 2014; Silva et al., 2016). Critical thinking is also associated with
RT (Ghanizadeh, 2017). In this context, a reflective thinker also has critical thinking
skills (Evin-Gencel & Guzel-Candan, 2014; Tican & Taspinar, 2015). Studies show
that students' activities to improve their skills of RT have positive effects on critical
thinking skills (Aryani, Rais & Wirawan, 2017; Farrah, 2012). Considering research
carried out in Turkey, few studies have been found to examine reflective and
critical thinking levels of pre-service teachers and examine the effect of RT
activities on critical thinking skills, (Demir, 2015; Evin-Gencel & Guzel-Candan,
2014; Tican & Taspinar, 2015)

With the adoption of the constructivist approach in Turkey, skills such as
cooperation, reflective thinking, and critical thinking are included in mathematics
curriculum. However, according to results in PISA 2015, Turkey ranks last among
OECD countries in cooperative problem-solving skills (OECD, 2017). Therefore, in
order to reach the objectives of the mathematics curriculum, it is necessary to
conduct more comprehensive and different activities related to CL in the field of
mathematics education. It is thought that the present research will contribute to the
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literature in terms of presenting the RT activities that can be applied in CL
environments.

In today's world, changes continue without slowing down. It is assumed that
cooperative work and critical thinking skills will come into prominence in 2020 in
the knowledge of the World Economic Form (Gray, 2016). However, effectiveness
of CL on learning outcomes is discussed. A number of studies have shown that CL
does not bring significant cognitive, social, and affective gains for students (Berkun
& Ada, 2017; Souvignier & Kronenberger, 2007). In this context, research has been
conducted to examine CL under different forms. In some studies, CL was
supported by multiple intelligence (Isik & Tarim, 2009), metacognitive strategies
(Mevarech & Amrany, 2008), inquiry strategy (Souvignier & Kronenberger, 2007)
or problem-solving strategies (Yazlik & Erdogan, 2016). In these previous studies,
unstructured CL techniques were used, and the cooperative group structures were
not discussed in detail. In this context, it can be said that more research is needed
on the effectiveness of CL.

In recent years, it can be seen that CL and RT are the concepts discussed
together. RT skills are combined with cooperative problem-solving competencies
(OECD, 2017). In studies, it was stated that as a result of students' reflections in CL
environments, their skills such as problem solving, questioning, linking old and
new information, making plans and strategies, and self-regulation skills were
developed (Applefield, Huber & Moallem, 2000; Bransford, Brown & Cocking,
2000; Gagnon & Collay, 2006; King, Goodson & Rohani, 2013; Lan, 2007; Kramarski
& Kohen, 2017). In the studies that analyzed the interrelationship of CL and RT
skills mentioned above, the importance of reflection in CL environments was
emphasized while the cooperative group structure was not explained in detail. In
these studies, the use of structured CL techniques and the integration and
implementation of different strategies to improve skills of RT have been ignored.
Despite CL and work together to address the RT concept abroad, the number of
research carried out in this field in Turkey (Guvenc, 2011) is quite limited. It is
considered important to investigate the outcomes of CL's support in the teaching
environment with RT strategies.

Considering the research conducted in Turkey in the field of mathematics
education; It will be seen that the number of studies on CL, RT and critical thinking
concepts is quite low. This research is specific for the use of a structured CL
technique, for describing the use of different RT strategies in the CL environment,
and for the detailed presentation of the materials used in the implementation of
strategies. This study differs from previous studies in terms of CL structure of
previous studies, and in terms of integrating RT strategies. Therefore, this study is
thought to provide a different perspective on the effectiveness of CL. In accordance
with the stated reasons, the aim of this study is to examine the effect of CL
supported by RT activities on seventh grade students' critical thinking skills during
mathematics course.
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Method
Research Design

In this study, a quasi-experimental model with pretest-posttest control group
was applied. In the quasi-experimental model, due to the difficulty of artificially
forming groups, paired groups are randomly assigned as experimental groups
(Fraenkel & Wallen, 2006). In this study, there is an experiment and a control
group. In the experimental group, CL method supported by RT activities was
applied. In the control group, no special teaching method was applied. An
appropriate mathematics instruction was conducted in accordance with the
current mathematics curriculum.

Study Group

This study was carried out during the academic year 2016-2017, with a total of
70 students in the seventh grade in a secondary school located in Turkey's Eastern
Anatolia province. A random method was adopted to determine the experimental
and control groups. There were 36 students in the experimental group and 34 in
the control group. While 21 of the students in the experimental group were females
(58%) and 15 of them were males (42%), 20 of the students in the control group
were females (59%) and 14 of them were males (41%). The number of female
students in both groups was higher than that of male students. It can be stated that
the number of students in two study groups is quite close to each other.

Data Collection Tool

Cornell Critical Thinking Test, Level X (CCT-X) was used as the data collection
tool. This test was developed by Ennis and Millman (1985) and adapted to Turkish
by Mecit (2006). CCT-X, which is one of the most widely used tests for measuring
critical thinking skills at elementary level all over the world, is a three-choice
multiple-choice measurement tool consisting of 72 items in total. In the test with
the "Yes, No, Maybe" options, each question has only one correct answer. A
maximum of 72 points can be obtained from the test. The general Cronbach Alpha
coefficient of the scale was calculated as .75 by Mecit (2006), and it was calculated
as .77 in this study.

Procedures

The experimental phase of the study lasted 25 class hours. Considering the
awareness program and the pretest-posttest implementation periods for the
recognition of strategies and materials, this study was completed within a total of
35 class hours. The intervention in the experimental and control groups were
carried out by the researcher. The same problems were studied in the groups and
the studies in the groups were started and completed in parallel time periods.

The research stages were carried out by determining the strategies of RT and
material preparation, pilot application, awareness program, and implementation
of RT activities in CL groups. In the process of designing RT activities, firstly
literature review in the field of CL, RT, and mathematics education was done.
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Strategies that are found successful in previous studies are examined (Colley, Bilics
& Lerch, 2012; Kramarski et al., 2013; Lan, 2007; Taggart & Wilson, 2005). In the
present study, writing, journal writing, group discussion, reflective dialogue, self-
evaluation and thinking aloud strategies, which are frequently used in
mathematics education, directing students to thinking, discussing and
questioning, developing problem solving skills were used.

After the determination of the strategies, materials were designed by the
researcher in order to construct the implementation of these strategies. It was
aimed to successfully manage the CL process and group dynamics through
structured materials. The results of successful research were examined in the
editing of RT materials (Brockbank & McGill, 2006; Kohen & Kramarski, 2012; Lan,
2007; Mevarech & Kramarski, 2014; Michalsky & Kramarski; 2015; Mitchell &
Coltrinari, 2001; Taggart & Wilson, 2005; Wilson & Jan, 1993). In this direction,
journal, group discussion form, reflective dialogue form, self-evaluation form
materials, which would be used in the implementation process of RT activities
were designed. In order to discuss RT strategies and materials, opinions of the
experts and mathematics teachers who took mathematics education were taken,
and necessary arrangements were made. The RT strategies, activities and materials
applied in the experimental group are described below.

Writing. In the awareness program, students were told that they had to write
everything they had learned and everything passed through their minds. During
the experimental implementation process, students were directed to write on the
study papers about each situation they thought and did during the activities.
Materials such as journal, group discussion form and self-evaluation form, which
were developed to provide reflection of students inside and outside the classroom,
were structured. Thus, it was aimed to develop critical thinking skills of students
with writing activities in CL environment. Writing strategy is a general strategy
used throughout the entire experimental implementation.

Journal writing. Journal writing strategy was used in order to make students
remember what they had learned in the course, to review their experiences and to
make reflections by self-evaluation. When writing the jornal, steps to be followed
were based on the work of Mitchell and Coltrinari (2001) and "journal" material
was designed (Appendix, 1). At the end of each math course, journals written at
home were examined by the teacher, and the students were provided with
feedback.

Group discussion. With this strategy, it was aimed to create new thoughts with
the interaction of the community and to reflect these thoughts in the learning
process. It is important for group discussions to be carried out with well-structured
activities and the questions that lead students to the reflection process. In this
context, students were directed to make reflective discussions as a group, to answer
questions of what and why. The "group discussion form" (Appendix, 2) was
prepared based on research using questions that led students to reflective inquires
(Kohen & Kramarski, 2012; Lan, 2007; Mevarech & Kramarski, 2014). At the end of
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the discussions, students were asked to write their common ideas as a group on
the group discussion form.

Reflective dialogue. With this strategy, students were required to review and
question what they have learned as a result of their dialogue with their peers. In
the study, a structured "reflective dialogue form" including CL principles was
developed based on the study of Brockbank and McGill (2006) (Appendix, 3).
Reflective dialogue form was used as a guide to ask students task-oriented
questions. Paired students asked questions in the form to each other and answered
them aloud.

Self-evaluation. With self-evaluation strategy, it was aimed to improve students'
ability to criticize the learning process with a critical approach, to raise awareness
of deficiencies and mistakes, to correct them if there are deficiencies and errors,
and to improve their monitoring skills. In this direction, "self-evaluation form"
(Appendix, 4) was developed based on CL principles and type of reflective prompt
(generic, judgment or modification) that Michalsky and Kramarski (2015) stated in
their research.

Thinking aloud. In this study, students were asked to think aloud during
reflective dialogue process or during group discussions with their friends.
Students were directed to interact with their friends openly for their explanations.

The contents of the activity worksheets were based on the seventh grade ratio
and proportion sub-learning area attainments. The study included 19 eighth grade
students, who were not included in the scope of the study group, who had the
previous year's ratio and proportion sub-learning attainments. Pilot training was
conducted with these students during 15 class hours. Students were given RT
materials, the meaning of questions and expressions, and how to use the materials
were explained. Students were informed about the Jigsaw-I technique and the
strategies they would use. Students actively participated in the RT strategies and
used materials. After the pilot implementation, the statements were revised in
terms of functionality, student feedback, and clarity of the materials and activities.

Following the application of the pretest, six hours of awareness program was
conducted in the experimental group. In the awareness program, firstly
information about the implementation of CL, the Jigsaw-I technique, teacher and
student roles were presented. Next, the strategies and materials to be implemented
were explained in detail. In this context, information about the purpose and
duration of the study was given and the questions of the students were answered
by introducing the materials.

Following the awareness program, CL method, which was supported by RT
activities, was applied in the experimental group. Throughout the experimental
process, the teacher played a guiding role in the research. In the study, Jigsaw-I
technique, one of the CL techniques, was applied by taking into consideration the
steps mentioned in the literatiire (Aronson & Patnoe, 1997; Souvignier &
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Kronenberger, 2007; Un-Acikgoz, 2011). The application stages of the Jigsaw-I
technique and the strategies and materials used in these stages were announced.

Creation of main groups. In the first phase, students were divided into
heterogeneous groups taking into account the gender and the average of the
previous year's mathematics course. Each group was assigned a letter (A, B, C, D,
E, F), consisting of six groups of six students. The group names of these main
groups were determined by asking the students. Ratio and proportion sub-learning
attainments were grouped according to the number of group members. The teacher
asked the group members to share headings from each group. Students in the
group were coded according to the topics they took (eg, students in group A, Al,
A2, A3, A4, A5, A6). The subjects were distributed to all students in the same coded
group with the same topic (For example, students with A1, Bl, C1, D1, E1, F1
studied the same subject). The students were given worksheets on the subject and
were asked to get prepared for the topic. The students were asked to write their
journal at home.

Expertise. In the following process, in each group, groups of experts formed by
gathering the same subject and having the same code were determined. Students
in the expert groups were allowed to work together with their friends on their
specialization topics. First of all, students in expert groups worked in the CL
environment without an RT strategy. Then, the process was supported by RT
strategies to enable students to collaborate, interact and reflect. With the reflective
dialogue strategy, students were able to answer the questions in a reflective
dialogue form. Thus, students were directed to share their thoughts, to reflect their
ideas and to help each other.

Also, students were asked to work with group discussion strategy. Students
discussed the questions in the group discussion form by thinking aloud, and they
wrote and prepared a joint report on the topic to be told to their friends in the main
groups. Thus, all groups were taught in the same way according to a common
report and missing learning was prevented. In the next course hour, students were
asked to complete self-evaluation form to evaluate their own learning. At the end
of each mathematics course, students were asked to write their journals at home.

Consolidation. In the expert groups, students working on their subjects returned
to their main groups and told their group members in order. At this stage, students
asked questions to their fellow students about the topic, and they discussed by
thinking aloud. At the end of each topic, students working with the group
discussion strategy completed the group discussion form and the individual self-
evaluation form. Also, at the end of each math course, students wrote their journals
at home.

Completion and evaluation. At this stage, a different sub-topic was presented to
each of the main groups in order to integrate learning. After the group
presentations, whole topic was summarized by the teacher. In the group
presentations, the first three successful groups were given a certificate of
achievement.



Fatma ERDOGAN
Eurasian Journal of Educational Research 80 (2019) 89-112

97

In the control group; mathematics teaching was conducted under the guidance
of current mathematics curriculum. Students in the control group solved the same
problems with the experimental group. The teacher gave a presentation with the
guidance of the mathematics curriculum. During the course, the same problems
used in the experimental group were solved by the teacher, or the teacher directed
these problems to the students by question-answer method. At the end of the
course, students were asked questions, concepts or problems they could not solve,
in order to complete the missing learning of the students. Difficulties were solved
on the board by the teacher or another student. At the end of the topic, topic
summary was made by the teacher or by the students. Therefore, it can be said that
the control group had a different learning environment than the experimental

group.
Data Analysis

In the data analysis, the Shapiro-Wilks test was applied to analyze the normal
distribution. When analyzing the data, independent group t-test and dependent
group t-test were used, depending on the data type. Covariance analysis
(ANCOVA) was performed to examine the difference between the posttest scores
of the groups. The Bonferroni test was used to determine the source of the
difference between the adjusted scores. The significance level was taken as p <.05
in the research process.

Results

In this section, the findings obtained from the CCT-X pre and posttest scores of
the experimental and control groups were presented. In the analysis of the tests,
normal distribution of scores was analyzed by the Shapiro-Wilks test. The results
were presented in Table 1.

Table 1
Shapiro-Wilks Normality Results Regarding CCT-X

Pre-test Post- test
Group Shapiro- Shapiro-
Wilks P Wilks P
Experimental .96 22 .97 .33
Control ] 97 .59 ) .98 .79

In Table 1, Shapiro-Wilk Test normality results, CCT-X pre-test scores (w= .96,
p=.22>.05) and CCT-X post-test scores (w= .97, p=. 33> .05) were given. Shapiro-
Wilk Test normality results of the control group were presented for the pre-test
scores of CCT-X; (w= .97, p= .59> .05) and for CCT-X post-test scores; (w= .98, p=
.79> .05). Based on these findings, it was determined that the test scores showed
normal distribution. Before RT activities in the experimental group, CCT-X pre-test
scores of the study groups were analyzed by independent group t-test, and the
results were shown in Table 2.
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Table 2

Independent Group T-Test Results for Comparing CCT-X Pre-Test Scores
Group N x sd df t p
Experimental 36 27.36 8.13
Control 34 27.32 6.05 68 02 98

When Table 2 was analyzed, there was no statistically significant difference
between the CCT-X pre-test scores of the experimental and control groups [tes)=
.02, p> .05]. In the light of these findings, it can be said that critical thinking skills
of the students in the experimental and control groups were equal before the
experimental procedures. In the study, CCT-X pre- and post-test scores were
analyzed with dependent group t-test after CL process supported by RT activities
in the experimental group, and the results were given in Table 3.

Table 3

Dependent Group T-Test Results for the CCT-X Pre- and Post-Test Scores of Experimental
Group

Test N x sd df t P
Pre-test 36 27.36 8.13
Post-test 36 33.97 7.79 35 -6.05 00

According to Table 3, the CCT-X post-test mean scores of the experimental
group was higher than the pre-test mean scores. As a result of the dependent group
t-test analysis for the CCT-X pre- and post-test scores, there was a statistically
significant difference [t3s5=-6.05, p<.05]. The resulting significant difference was in
favor of the post-test. After the teaching practices in the control group, the CCT-X
pre- and post-test scores were analyzed by the dependent group t-test, and the
results were presented in Table 4.

Table 4
Dependent Group T-Test Results for the CCT-X Pre- and Post-Test Scores of Control
Group
Test N X sd df t p
Pre-test 34 27.32 6.05
Post-test 34 2841 6.47 33 1ad 16

When Table 4 was examined, it was found that the CCT-X pre-test and post-
test mean scores of the control group were quite close to each other. According to
the results of the dependent group t-test for the CCT-X pre- and post-test scores of
the control group, no statistically significant difference was found [t@s)= -1.44, p>
.05].

ANCOVA was applied to determine whether the CCT-X post-test mean scores
differed for the experimental and control groups after the initial CCT-X pre-test
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scores were controlled. Before applying ANCOVA, ANCOVA assumptions were
examined. The first assumption was the normal distribution of the data with the
Shapiro-Wilks test. The findings of these data were given in Table 1. As can be seen
from Table 1, it was found that CCT-X pre-test and post-test scores had a normal
distribution. In order to control the hypothesis of linear relationship between
linearity, dependent variable (CCT-X post-test scores) and covariate (CCT-X pre-
test scores), the overall distribution of scores was examined by scatter plot for each
of the groups. For each group, a linear relationship was found between the
dependent variable and the covariate. Then, the assumption of homogeneity of
regression slopes, which was one of the main assumptions of ANCOVA, was
investigated. These results are shown in Table 5.

Table 5

Regression Slope for CCT-X

Source g;:;res of df ;ij:; F p
Corrected model 2252.15 3 750.72 27.65 .00
Intercept 531.65 1 531.65 19.58 .00
Group 103.97 1 103.97 3.83 .06
Pre-test 1641.93 1 1641.93 60.48 .00
Group*Pre-test 23.04 1 23.04 .85 36
Error 1791.69 66 27.15

Total 72497.00 70

Corrected total 4043.84 69

As can be seen from Table 5, it was determined that covariate and post-test
scores did not show a statistically significant interaction [F( 6= .85, p= .36> .05].
Based on this finding, it was seen that the assumption of homogeneity of the
regression slopes was ensured. In addition, in order to examine the assumption of
homogeneity of variances, Levene’s Test was applied and it was determined that
the variances between the groups were homogeneous (F=2.03, p= .16> .05).
According to the findings, ANCOVA assumptions were obtained. Based on these
results, to control the pre-test scores of the groups, ANCOVA was applied to
determine whether there was a significant difference between the corrected post-
test scores. These results are presented in Table 6.
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Table 6
ANCOVA Results for Corrected CCT-X Post-Test Scores
Source  of Sum of Mean
. df F p
variance squares square
Pre-test
re-es 1688.48 1 1688.48 62.34 00
(Reg.)
Group 535.58 1 535.58 19.77 .00
Error 1814.73 67 27.09
Total 72497.00 70

According to Table 6, the CCT-X pre-test scores of the experimental and control
groups were checked and a significant difference was found between the corrected
CCT-X post-test mean scores [F1,67=19.77, p <.05]. This difference was found to be
in favor of the experimental group. When the Bonferroni test results for the
corrected CCT-X post-test mean scores were examined, critical thinking skills of
students in the experimental group (x= 33.96) were found to be higher than those
of the students in the control group (x= 28.43).

Discussion, Conclusion and Recommendations

According to the findings of the study, there was no statistically significant
difference between the CCT-X pre-test mean scores of the students in the
experimental and control groups. Based on this finding, it can be said that critical
thinking skills of the students in the study groups were equal before the
experimental applications in the experimental group.

In the study, after the experimental implementations, it was concluded that the
CCT-X post-test mean score of the experimental group was significantly higher
than the pre-test mean score. However, no significant difference was found
between the CCT-X pre-test and post-test mean scores of the control group. Based
on this finding, it can be said that the mathematics courses carried out in the control
group did not contribute to the development of students' critical thinking skills.
Based on the findings of the research, in addition to stressing that students have
critical thinking skills in mathematics curriculum (Ministry of National Education
[MoNE], 2018), it can be said that structured activities for the development of these
skills should be applied in classroom environments.

Applefield et al. (2000) stated that, in the context of social constructivist vision,
creating knowledge and skills required in students is based on interpersonal
interaction. In cooperative environments based on social constructivism, students
who have discussions and reflect on their learning develop their critical
perspectives. Research findings of Palinussa (2013) also support this result.
Palinussa (2013) stated that students' critical thinking skills were influenced by
classroom learning environment. Therefore, it is stated that it is insufficient to
emphasize these skills in the curricula only in order to ensure that students are
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developed as critical thinkers. The need for a supportive atmosphere for the
development of skills in the classroom is also indicated. Chukwuyenum (2013)
showing a similar result to Palinussa (2013) emphasizes that critical thinking skills
should be taught by reflecting in social interaction and by integrating them into
mathematics course.

Another important finding in the research; when the pre-test scores of the
experimental and control groups were checked, is that a significant difference was
found between the corrected CCT-X post-test mean scores. This difference was
found to be in favor of the experimental group. Based on this finding, CL
supported by RT activities can be said to have a positive effect on students' critical
thinking skills.

It supports Colley et al. (2012) who reported that reflective learning
environments are created on the basis of educating individuals who think
critically. This finding of the research is consistent with the results of the research
examining the effects of providing cooperative environments on critical thinking
skills (Adams, 2013; Gagnon & Collay, 2006; Gillies, 2006; Gorlewski & Greene,
2011; Guce, 2017; Lucena & San Jose, 2016; Mitchell & Coltrinari, 2001; Parsons &
Stephenson, 2005; Silva et al., 2016; Webb & Farivar, 1994). Webb and Farivar (1994)
reported that students' inadequately developed communication skills could
adversely affect their use of CL, while Gillies (2006) emphasized that students who
benefit most from CL are benefited from guiding support areas. It was determined
that critical perspectives of the students who analyzed peers and gave feedback to
each other, analyzed their thoughts, interacted with their peers, and made
statements to their peers in CL groups were developed during the study. In a
number of studies; it was stated that classroom discussion, CL, journal writing,
dialogue, and reflection were influential factors in the development of critical
thinking skills of teaching environments (Adams,2013; Gorlewski & Greene, 2011;
Guce, 2017; Mitchell & Coltrinari, 2001). Gagnon and Collay (2006) stated that
students have criticized the meaning they have formed together and their own
thinking process by both group reflection and by making individual projections in
CL groups. Considering the research findings in the literature, it is observed that
students who develop interactive thinking and reflections in CL groups develop
their critical thinking skills.

In the study, it was thought that writing and journal writing strategies were
effective in the development of critical thinking skills of students in the CL group
supported by RT activities more than the students in the control group. Previous
studies have supported this conclusion. In the studies, it was stated that students
explain their reasoning, correctness of solutions, thinking processes by writing and
they made reflections about mathematics learning process in mathematics courses
(Freeman et al., 2016; Inoue & Buczynski, 2011). Suhaimi et al. (2016) stated that
students who write journal in mathematics courses organize their thoughts, thus
journal writing improves communication and critical thinking skills of the
students. In addition, it can be said that supporting CL with group discussion
strategy is one of the factors that improve students' critical thinking skills. King et
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al. (2013) and Gibson (2008) have obtained findings that support this view in their
studies. They reported that well organized and managed group discussions
developed students' critical thinking skills in their studies.

It can be said that reflective dialogue strategy used in this research contributed
to the development of students' critical thinking skills. In research supporting this
view, it was determined that students questioned their knowledge and focused on
thinking about the activities they reflected critically on the learning process as a
result of peer dialogues (Brockbank & McGill, 2006; Kohen & Kramarski, 2012;
Wille, 2017). In addition, it is emphasized in researches that verbal language skills
about explaining and asking questions (Souvignier & Kronenberger, 2007) and
how to communicate in CL groups should be taught (Gillies, 2006). With the
reflective dialogue strategy, it can be said that questioning and reasonable thinking
skills developed within the scope of critical thinking,

In the study, critical thinking skills can be said to develop in a positive way as
a result of self-evaluation. Previous research findings support this view (Mevarech
& Kramarski, 2014; Michalsky & Kramarski, 2015; Wilson & Jan, 1993). At the end
of the learning activities with self-evaluation strategy, students can learn to think
critically (Michalsky & Kramarski, 2015; Wilson & Jan, 1993).

Used in research; writing, journal writing, reflective dialogue, group
discussion, self-evaluation, and thinking aloud strategies were used alone in
previous research (Agustan et al., 2016; Aldahmash et al., 2017; Guce, 2017, 2018;
Kohen & Kramarski, 2012; Lan, 2007; Quines, 2017; Tican & Taspinar, 2015). In this
study, integrating the use of RT strategies in a structured CL environment can be
seen as one of the strengths of the research. In future research, the effects of
different RT strategies on critical thinking skills can be examined in CL
environment, their advantages and disadvantages can be discussed.

In mathematics curriculum (MoNE, 2018), students are expected to have high-
level thinking skills. However, it can be said that strategies, activities and materials
for developing these skills are not sufficiently involved in the curriculum. PISA
results also show that students in Turkey are quite inadequate in cooperative
problem-solving skills (OECD, 2017). Therefore, RT activities can be used as a
useful tool for supporting CL and developing critical thinking skills.

First of all, teachers who will apply CL and RT activities in a classroom should
have high-level thinking skills such as reflective thinking and critical thinking.
Gagnon and Collay (2006) state that teachers should structure and manage the
processes of projecting about their cooperative experiences. In teacher training
programs, it is suggested that pre-service teachers should implement their
experiences with CL and RT activities.

This research was limited to the seventh grade level. However, the independent
applicability of the RT strategies and materials used in the CL process are
considered to be one of the strengths of the research. In future research, the effects
of CL supported by RT activities on mathematical achievement, metacognitive
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skills, self-efficacy beliefs, attitude, et al. can be determined. Experimental research
can be carried out in different subject areas and at different grade levels by using
CL supported by RT activities. Students’ critical thinking skills can be analyzed by
qualitative methods and more detailed data can be gained.

In subsequent studies, supporting different CL techniques with RT activities
can be investigated in terms of academic achievement, self-regulation,
metacognitive skills and attitudes. In the classroom environment, student
interaction processes can be analyzed in detail through qualitative research. It is
also important that the physical state of the class is designed to allow student
interaction for the implementation of CL and RT activities. In this context, not only
for mathematics courses but only for all courses, it is suggested that the physical
structure of the class should be arranged in such a way that teachers can easily
apply methodological approaches.
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Yansitic1 Diisiinme Etkinlikleriyle Desteklenen Isbirlikli Ogrenmenin
Ogrencilerin Elestirel Diigiinme Becerileri Uzerine Etkisi

Atif:

Erdogan, F. (2019). Effect of cooperative learning supported by reflective thinking
activities on students’ critical thinking skills. Eurasian Journal of Educational
Research, 80, 89-112, DOL: 10.14689/ ejer.2019.80.5

Ozet

Problem Durumu: Diinya Ekonomik Forumu'nun bilgilendirmesinde 2020 yilinda
bireyin sahip olmasi gereken beceriler kapsaminda igbirlikli ¢alisma ve elestirel
diisiinme becerisinin 6n plana ¢tkacag1 varsayilmaktadir. Ayrica, OECD izleme ve
yansitma becerisini isbirlikli problem ¢dzme yetkinlikleri ile birlestirmistir.
Dolayisiyla, son yillarda, isbirlikli grenme (I0) ve yansitici diistinmenin (YD)
birlikte ele alinan kavramlar oldugu goriilmektedir. Arastirmalarda, 6grencilerin
IO ortamlarinda yansitmalar yapmalar1 sonucunda, problem ¢ozme, sorgulama,
eski ve yeni bilgileri iliskilendirme, plan yapma, stratejiler gelistirme ve &z-
diizenleme becerilerinin gelistigi belirtilmektedir. Daha &nce yapilan, 10 ve YD
becerilerinin karsilikli iliskisini analiz eden arastirmalarda, IO ortamlarinda
yansitmanin dnemi vurgulanirken, isbirlikli grup yapis1 ayrintili agiklanmamustir.
Bu arastirmalarda, yapilandirilmis IO teknikleri kullamimu ve YD becerisini
gelistirmeye yonelik farkli stratejilerin IO tekniklerine entegre edilerek
uygulanmasi goz ard1 edilmistir. Yurtdisinda IO ve YD kavramlarini birlikte ele
alan calismalar yapilmasina ragmen Tiirkiye'de arastirmalarin oldukca smnirl
oldugu belirlenmistir. Ogretim ortamlarinda IO'ntin YD stratejileriyle
desteklenmesi sonucu elde edilen ¢iktilarin arastirilmas: énemli goriilmektedir.
Tiirkiye’de yapilan arastirmalara bakildiginda matematik egitimi alaninda {0, YD
ve elestirel diistinme kavramlarim inceleyen oldukga az sayida arastirma oldugu
saptanmistir. Mevcut arastirma, yapilandirilmis bir IO tekniginin kullamlmasi, 1O
ortaminda farkli YD stratejilerin kullaniminin betimlenmesi ve stratejilerin
uygulanmas siirecinde kullanilan materyallerin ayrmtili sunulmasi, IO yapisia
uygun YD stratejilerinin buittinlestirilmesi acisindan daha 6nce yapilan
arastirmalardan farklilasmaktadir. Dolayistyla, bu arastirmanin IO'niin etkililigi
tizerine farkli bir bakis agis1 sunacag: diistintilmektedir.

Arastirmanin Amaci: Bu arastirmanin amaci, matematik dersinde YD etkinlikleriyle
desteklenen IO'niin yedinci smuf grencilerinin elestirel diistinme becerileri
tizerindeki etkisini incelemektir.

Yontem: Arastirmada nicel arastirma yaklagimlarindan 6n test-son test kontrol
gruplu yar1 deneysel model uygulanmistir. Bu arastirmada bir deney ve bir kontrol
grubu yer almaktadir. Deney grubunda YD etkinlikleriyle desteklenen O ysntemi
uygulanmistir.  Mevcut arastirmada, matematik egitimi alaninda siklikla
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kullanilan, 6grencileri diisiinmeye, tartismaya ve sorgulamaya yonelten, problem
cozme becerisini gelistirdigi vurgulanan, 10 ve grupla calisma yapisina uygun
oldugu goriilen yazma, giinlitk yazma, yansitici diyalog, grup tartismasi, o6z-
degerlendirme ve sesli diisiinme stratejileri kullanilmustir. Bu dogrultuda YD
etkinliklerini uygulama stirecinde kullanilacak olan gtinliik, grup tartisma formu,
yansitic1 diyalog formu, 6z-degerlendirme formu materyalleri tasarlanmustir.
Kontrol grubuna ise 6zel bir 6gretim yontemi uygulanmamis, mevcut matematik
dersi 6gretim programina uygun bir matematik dgretimi gerceklestirilmistir.

Arastirma, 2016-2017 egitim ogretim yilinda Tirkiye'nin Dogu Anadolu
bolgesinde yer alan bir ilde bulunan bir ortaokulun yedinci siniflarinda 6grenim
goren toplam 70 6grenci ile yurttiilmustiir. Arastirmada veri toplama araci olarak
Cornell Kosullu Sorgulama Testi-Form X (CCT-X) kullanilmigtir. Veriler
¢oziimlenirken, veri tiirtine baglh olarak, bagimsiz grup t-testi ve bagimli grup t-
testi kullanilmistir. Gruplarin son test puanlari arasindaki farki incelemek
amaciyla tek faktorlii kovaryans analizi (ANCOVA) uygulanmustir.

Bulgular: Arastirmada, deney ve kontrol gruplarmin CCT-X 6n test puanlar
arasinda istatistiksel agidan anlamli bir farklilik olmadig1 gortilmiistiir [tes)= .02,
p> .05]. Deney grubunun CCT-X son test ortalamasinin 6n test ortalamasina gore
yiiksek oldugu belirlenmistir. Deney grubunun CCT-X 6n ve son test puanlari icin
yapilan bagimli grup t-testi analizi sonucunda istatistiksel olarak anlamli bir
farklilik oldugu saptanmustir [t@s)= -6.05, p< .05]. Ancak, kontrol grubunun CCT-X
on ve son test puanlarmna yonelik uygulanan bagimli grup t-testi sonucuna gore
istatistiksel acidan anlamli bir farklilik bulunamamustir [t@s)= -1.44, p> .05]. Deney
ve kontrol gruplarimin CCT-X 6n test puanlar1 kontrol edilirken, diizeltilmis CCT-
X son test ortalama puanlar1 arasinda anlamli bir farklilik tespit edilmistir. Bu
farkliligin deney grubu lehine oldugu belirlenmistir.

Sonug ve Oneriler: Arastirmada, deney ve kontrol grubundaki 6grencilerin CCT-X
on test puan ortalamalar: arasinda istatistiksel olarak anlamli bir farklilik tespit
edilmemistir. Deneysel uygulamalar sonrasinda, deney grubunun CCT-X son test
puan ortalamasinin, 6n test puan ortalamasina gore anlamli derecede yiiksek
oldugu sonucuna ulasilmistir. Ancak, kontrol grubuna ait CCT-X 6n test ve son
test puan ortalamalari arasinda anlamli bir farklilik tespit edilmemistir.
Arastirmada elde edilen diger bir onemli bulgu olarak, deney ve kontrol
gruplarinin 6n test puanlar1 kontrol edilirken diizeltilmis CCT-X son test ortalama
puanlar1 arasinda anlamli bir farklilik bulunmustur [Fue7= 19.77, p< .05]. Bu
farkliligin deney grubu lehine oldugu belirlenmistir. Bu bulguya dayanarak, YD
etkinlikleriyle desteklenen IO'niin ogrencilerin elestirel diistinme becerileri
tizerinde pozitif etkisinin oldugu soylenebilir.

Bu arastirmada, YD stratejilerinin yapilandirilmis IO ortaminda, biitiinlestirilerek
kullanilmas: arastirmanin giiclti yonlerinden biri olarak gortilebilir. Yapilacak
arastirmalarda, IO ortamlarinda farkli YD stratejileri karsilastirilarak elestirel
diisiinme becerileri tizerindeki etkileri incelenebilir, avantaj ve dezavantajlar
irdelenebilir. YD etkinlikleri IO'niin desteklenmesi ve elestirel diisiinme
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becerilerinin gelistirilmesi icin faydal1 bir arag¢ olarak kullanilabilir. IO siirecinde
kullanilan YD stratejilerinin ve materyallerin konudan bagimsiz uygulanabilirligi
arastirmanin giiclii yonlerinden bir digeri olarak goriilmektedir. YD etkinlikleriyle
desteklenen 10O kullanilarak farkli konu alanlarinda ve farkli smif diizeylerinde
deneysel arastirmalar yapilabilir. Yapilacak arastirmalarda, farkli IO tekniklerinin
YD etkinlikleriyle desteklenmesinin akademik basari, 6z-diizenleme, {istbilissel
beceri ve tutum gibi degiskenler tizerindeki etkisi arastirilabilir. Stif ortaminda
ogrenci etkilesim stirecleri nitel arastirmalarla ayrintili olarak incelenebilir. Ayrica,
simiflarin fiziksel yapismin 6gretmenlere metodolojik yaklasimlari kolaylikla
uygulayacaklari sekilde diizenlenmesi 6nerilmektedir.

Anahtar Kelimeler: Matematik egitimi, tist diizey diistinme becerileri, birlestirme
teknigi, ortaokul.

Appendix
Appendix 1.
Journal
Dimensions Expression in the journal
Descriptive 1) What was done in the lesson today?
Metacognitive 2)What are your feelings, beliefs, attitudes about the
activities in the lesson?
Analytical 3)Why were the activities and practices in the class
made?
Evaluator 4)What aspects did you find successful / unsuccessful
in the activities?
5) What were the chapters in which you were successful
or forced in group work?
Reconstructor 6) What kind of change can be made about the activities?
Why?
7)What would you like to have in future activities?
8)What are your recommendations to your group
friends to make the activities more successful?
Appendix 2.

Group Discussion Form

* What did you learn at the end of the activities? Please summarize.

* Is the subject fully understood? What are unclear points?

* What are the similarities and differences between the subjects learned and the
previous subjects?

¢ Is it necessary to change the activities? Why? If yes, what is the change?

* What were the problem-solving strategies used throughout the activities?

* Do you have a different strategy proposal? If so, what are these strategies?

* What were the hard points during the events? Why?

* What have you been doing to deal with the points you are struggling with?
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Appendix 3.

Reflective Dialogue Form

Question
type

Question statement

Task-
oriented

* What is the purpose of this activity?
* Could you describe your role in this activity?
* Can you tell me about your friend's duties at this activity?

Process-
oriented

e How did you complete the objectives of this activity?

* What is the most interesting situation in this activity?

* Do you list the situations in which you are successful?

* Can you list situations in which you have difficulty with
this activity?

* What was your friend's help with at this activity?

* How did you help your friend in this activity?

* If you didn't complete this activity, what were the things
that prevented you?

* What can help you to perform better at this activity?

* What do you feel about this activity?

* What is your advice to a friend?

Appendix 4.

Self-Evaluation Form

* I'm the best at the activity..............

* The worst things in the activity...............

* The most important knowledge / skills I gained at the activity.............
* My friend's contributions / damages ............... ..

* What do you think can be done differently during the activity process?
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Introduction

In our today’s world, proposing new ideas, new applications and practice have
significant importance as the social, economic and technological environment
encourage “innovation”, “entrepreneurship”, “differentiation”, “customization”, and
“novelty” etc. These concepts basically emphasize creativity and creative thinking.
Creativity and creative thinking have many personal, cognitive, behavioral, and
cultural dimensions as they include a multidimensional phenomenon. Creativity is
substantial for the young adults to be able to cope with ambiguous, complex and fast
changing world awaiting them. Since the university education is crucial to shape their
career, creative thinking ability is assumed to be effective for students’ intellectual
abilities and capabilities.

On the other side, universities question their education from the aspect of novelty,
adaptability and technology whether they fit the needs of young adults for their future
career. University education can be considered as the last step for young learners to be
ready for their creative thinking capacities, potentials and abilities to cope with the
volatile and uncertain future, where they are expected to act as “change agents” or
“future-makers” to be able to survive in the future environment.

This research proposes that students are creative and possess creativity potential
as many researches pointed out in various studies (Amabile et al. 2005; Craft et al. 2001;
Lakota,2007). Yet, creativity potential is subject to environmental factors. It can be
supported, encouraged and cultivated as well as weakened, suffocated and even killed
(Robinson, 2006; Seeling, 2012). The education system may lead the students mainly to
memorize or to think. Drucker (1969) argued that all a student could do is to repeat
what somebody had already done which would not require creativity. As Scott (2000)
stated higher education systems are powerful tools not only as “knowledge factories”
certainly, but also as “open zones” in which social transformation and cultural
creativity can occur. Higher education needs to prepare young adults for a fast-
changing working environment.

This study focuses on a group of university students as an interactive social area.
There has been many studies related to elementary schools and creativity in Turkey
(Ucus, 2017). However, there is a lack of research among university students when it
comes to creativity in general (Papaleontiou-Louca et al. 2014, p.138).

Creativity in university education concerns teaching for creativity as well as
teaching creatively (Papaleontiou-Louca et al. 2014, p.138). Teaching for creativity is
acknowledged as forms of teaching that are aimed to develop young students” own
creative thinking or behavior, and teaching creatively accounts for “using imaginative
approaches and applications to make learning more interesting and effective”.
Teaching for creativity must involve creative teaching techniques (Morris, 2006, p.4).
However, this study does not aim to determine the difference or emphasize the effects
of teaching for creativity or teaching creatively. This study aims to clarify the
understanding of a group of students and how they assess their university education
from the point of creativity. In this study, researchers aim to discuss the present
situation related to university education and creativity at a Turkish state university
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through a group of fourth year students and get their views and comments in detail.
Fourth year students are considered under this research as they are more experienced
compared to the previous year students.

Literature Review

Creativity is a multi-dimensional concept and it has been generally accepted that
creativity is a complex concept for which there is an absence of a particular definition
(Prentice, 2000). Various definitions of creativity point out new, original ideas,
knowledge etc. which would result in a change or a social or technological value: “the
achievement of something remarkable and new, something which transforms and
changes a field of endeavor in a significant way.... The kinds of things that people do
that change the world” (Feldman et al. 1994), and “a person’s capacity to produce new
or original ideas, insights, restructurings, inventions or artistic objects, which are
accepted by experts as being of scientific, aesthetic, social, or technological value”
(Vernon, 1984). This process is defined as an exceptional human capacity: “exceptional
human capacity for thought and creation” (Ryhammar & Brolin, 1999). Costello (2000)
argued that creativity involves problem solving, i.e. thinking “outside the box”. All
these efforts are stated to be “unique” and “original”: “the ability to produce
something novel, something that is unique and original” (Torrance, 1970). Plucker et
al. (2004) came up with the following definition: “Creativity is the interaction among
aptitude, process and environment by which an individual or group produces a
perceptible product that is both novel and useful as defined within a social group”. In
addition, “Creativity is rated among the most important human mental attributes or
human capital that is considered by researchers as the driving force behind economic
development, technical advances, work place leadership, and life success” (Chew et
al. 2017).

In education, the most common assessments of creativity are the Torrance Tests of
Creative Thinking (TTCT) which are still the most popular creativity assessment tools
in education settings. Torrance identified four components by which individual
creativity could be assessed: “fluency: the ability to produce a large number of idea;
flexibility: the ability to produce a large variety of ideas; elaboration: the ability to
develop, embellish, or fill out an idea, and originality: the ability to produce ideas that
are unusual, statistically infrequent, not banal or obvious”. Having a psychodynamic
approach, Torrance (1969) searched the place of creativity within education. He
focused on the four P’s of creativity as “the creative person, the creative product, the
creative process and the creative press”. He proposed that creative thinking be
rewarded in schools because it allow students to understand how better to achieve
their potentialities. However, more recently investigations focus on understanding
and evaluating the creative mind in terms of intelligence (Gardner, 1995).

Besemer and Treffinger (1981) classified creativity into components as: “novelty of
how new the product is in terms of techniques, processes, concepts, the capacity of a
product to spark further creative products inspired by it; the potential of a product to



116 Ruya EHTIYAR - Gozdegul BASER
Eurasian Journal of Educational Research 80 (2019) 113-132

‘transform’, or create a radical shift in approach, resolution the extent to which a
product meets a need, or resolves a situation, synthesis the extent to which a product
combines elements which are unlike, into a coherent whole”. In addition, Gldveanu
(2018) proposed that educators should be much more reflexive when using definitions,
theories or assessment tools for creativity, and notice which kind of creativity they
recognize and which kind they ignore.

Creativity in education has received strong concern since 1950s basing on the idea
that education needs to prioritize the development and encouragement of creativity
(Papaleontiou-Louca, et al. 2014). The success of the Soviets to launch the first artificial
satellite, Sputnik, is another development that has accelerated creativity efforts
(Ozaskin & Bacanak, 2016). Mostly starting from 1950's, education professionals tried
to develop many strategies about how to cover creativity in education (Craft, 2001).

Jackson et al. (2014) searched the views of academic teachers on the core features
they associated with being creative in eight disciplinary areas and discovered certain
features as: “being imaginative, being original, being curious with an enquiring
disposition, being resourceful, being able to combine, connect, synthesize, being able
to think critically and analytically, being able to represent ideas and communicate
them to others”.

Amabile (1983) proposed a simple model of creativity and determined three
essential elements as expertise, the ability to think creatively about relevant problems
and opportunities, and the will to engage. Jackson (2014) added context to this model
as context gives the reasons for being creative. This model suggests that creativity
requires a context to support creativity, e.g. cultural, technological, teaching
environment, and it is an interaction of expertise, task motivation, and creativity skills.

Kaufman and Beghetto (2009) proposed that creativity lies on a continuum and
follows continuous progress and change to be investigated. Their four category model
of creativity tries to investigate the nature, scope and influence of individuals’
creativity starting from mini-c to little-c, pro-c and big-c. “Pro-c” creativity is
associated with creative acts of people who have mastered a field, including, but not
only, people involved in Professional activity; “little-c” creativity is the everyday
creative acts of individuals who are not particularly expert in a situation; and “mini-
¢” is the novel and personally meaningful interpretation of experiences, actions and
events made by individuals. Both mini-c and little-c forms of creativity are relevant to
higher education learning and curriculum designs, and teaching and learning
strategies could usefully be used to encourage and facilitate them. They pointed out
the fact that if students are not encouraged to be creative, they may stay on the mini-
¢, and if they are encouraged, they may go further on the continuum.

Torrance (1965) examined the attitudes of over 1000 teachers in five different
countries and found out that teachers were rewarding students for being well
mannered, doing work on time and being obedient, popular and willing to accept the
judgements of teachers, but on the other hand punishing students who were good at
guessing, questioning and who were daring in their opinions. This approach is still
considered widely and prevails in many educational establishments of today
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(Papaleontiou-Louca, et al. 2014). However, creativity needs change and change needs
going out of what is standard. Teachers need to change their standard views if they
want to have creative students. Developing contemporary education policies and
strategies, and teaching creativity and innovation professionally in educational
programs are not enough alone, and teachers who will apply them must implement
contemporary approaches to creative behavior (Ozmusul, 2012).

Today’s universities are supposed to be in parallel with Industry 4.0 which requires
interconnected, digital services and a new view on teaching and learning. This requires
the application of innovative procedures and approaches. It requires young adults
with a strong sense of self-confidence and desire for being original, creative and able
to cope with big data. If students are to become unique, autonomous individuals, they
need to feel worthy, competent and trustworthy. However, the education system does
not promote and welcome creative thinking well enough because in some cases
creativity does not “go with” the curriculum, the education system has focused and
promoted “parroting” which is the favored and “right/correct” way to learn although
it may result in uncreative ways of teaching (Papaleontiou-Louca, et al. 2014).
University education is expected to be far from creating similar “parrots”, but rather
it concentrates on achieving individuals who will be able to take risks and be
innovative. University education needs to be far from “memorizing” and concentrate
on knowledge production rather than knowledge adoption. Cachia et al. (2009) also
mentioned that although students are viewed as the center of teaching and learning
processes and procedures, they do not have an active role in general.

In high level education, teaching practices should focus on more than promoting
the transmission of contents and routine information (Deverell & Moore, 2014), and
they should train students to inquire and investigate, problematize, take risk, think,
evaluate, and act critically with high self-confidence. They should also include a
diversity of approaches, enthusiasm for teaching and the promotion of curiosity, self-
regulation and intrinsic motivation for the progress of creativity (Hargreaves, 2008;
Sternberg, 2004). In addition, assessment of the students and the criteria of success will
need to be changed (Boud & Dochy, 2010). The success criteria will need to include
more than grades, and will need to be based on some outputs like projects, thesis,
systems or ideas proposed.

Students sometimes learn to repress or hide their talent of creativity because they
might not get a “good grade”. Although they are expected to be creative, creativity is
seldom a clear objective of the assessment procedures. Overall student grades usually
consist of quizzes, assignments and participation, and these usually form the main
method of assessment. Many students from different fields of study differ in their
perceptions of creativity (Gliick et al.,2002). According to the results of a study
involving 264 students at a foundation university operating in Istanbul, a positively
significant relationship was found between innovation tendency and entrepreneurial
potential that was linked to creativity potential (Ensari and Alay, 2017).

In addition, a study using CREA (Creativity tool to measure) applied to 17 students
found no differences between sexes (Carrasco,2017). Creating classroom environments
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in which creativity is highlighted and used is important in terms of increasing the
quality of education (Karaca & Koray, 2017). Artistic endeavors like painting, music,
handicraft, and dramatic arts like literature, cinema, and theatre are important in
promoting students’ life and creativity (Wales, 2017).

Method
Research Design

A qualitative approach was selected to find out the perceptions, assessments,
comments, experiences and suggestions of a group of fourth year university students
because qualitative research is more involved with understanding individuals’
perceptions of the world, and investigating insights rather than statistical analysis
(Silverman, 2005). Designed as a qualitative research, a phenomenological
methodology was followed. Phenomenological methodology aims to understand the
experiences of the individuals about a phenomenon, defines what an individual is
experiencing, and describes the essence of an individual's experiences (Saban & Ersoy,
2017).

Research Sample

The research was conducted in a faculty in a state university, in the city centre of
Antalya in Turkey. A non-probability sample was preferred as the sample derives
from the researcher targeting a particular group, in the full knowledge that it does not
represent the wider population, it simply represents itself. This is the frequent case for
qualitative research such as action, ethnography or case (Cohen et al. 2007). The
participants in this study were tourism faculty fourth year students who had an overall
GPA higher than the class average. The students were invited to the study by one of
the researchers. There were seven female and three male students who accepted to
participate in the study. Eight of the participants were 21 years old, one of them was
22, and one of them was 20 years old.

Research Instruments and Procedures

Data was collected via a focus group interview. Focus group interviews provide
rich and high variety information which quantitative research may not supply as well
as providing in-depth data and preventing misunderstandings (Cokluk et al. 2011).
Focus group is a form of qualitative research involving interviews in which a group of
people are asked about their perceptions, opinions, beliefs, and attitudes about a
concept or topic. A focus group is formed by people from similar backgrounds or
experiences to discuss a specific topic of interest, guided by a moderator who
introduces topics and helps the group to participate in a lively and natural discussion
atmosphere. Focus group is a qualitative analysis method investigating the recent
context and its content (Creswell, 2016). It usually consists of eight people (Bas &
Akturan,2008). The number of people may change between four to 15 people (Cokluk
et al. 2011). Phases of focus group interview is planning and organizing the focus
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group, group composition, conducting the focus group, recording the responses,
analyzing data, and reporting the findings (Dilshad & Latif, 2013).

Data were collected in May 2018. This included a 120 minutes recorded focus group
interview with the participants. The answers of the participants were recorded upon
their permission. Data were collected in the meeting room in the Faculty, participants
sat in a round form, and there were the two researchers and the participants. One of
the researchers acted as the moderator and the other acted as an observer and took
notes during the session.

Data Analysis

Thematic analysis was used to analyze data. Thematic analysis is a “method for
identifying, analyzing and reporting patterns (themes) within data” and “it is a flexible
and useful research tool which provides a rich and detailed, yet complex, account of
the data” (Braun & Clarke, 2006). Data analysis began with readings of interview
transcripts from focus group interview conversations with fourth year university
students. The purpose was to determine the essence of the phenomenon and
experiences of students amidst factors affecting their creativity potential to understand
the perceptions, assessments, comments, experiences and suggestions of a group of
fourth year university students.

During thematic analysis, data were organized categorically, reviewed repeatedly
and coded continually. Interview transcripts were reviewed. The recorded data were
listened for three times, converted to written form; data were grouped into themes
and sub-themes by two different researchers, and the groupings formed by the
researchers were found to be matching which proved the validity of the study.
Quotations were listed upon each person’s relevant sayings as P1, P2, P3, P4, P5, P6,
P7, P8, P9, P10 demonstrating participant 1,2, etc.

The mapping of interview questions was carried out in three stages: general
questions about creativity, questions about creativity and university education, and
questions related to their personal recommendations. Firstly, they were asked about
the meaning of creativity. Secondly, they were asked to evaluate the university
education they had from the point of creativity. Next, they were asked how they would
define the creative and uncreative practices in their university education. After they
were asked how the university education affected their creativity potential, they were
asked about the factors that influenced creativity and whether there was an increase
in their potential. Finally, they were asked for their recommendations for creativity in
university education.

Results

The findings of the research can be grouped under six main themes as the meaning
of creativity, creativity in university education, creative and uncreative practices in
university education, effect of university education on student’s creativity potential,
factors influencing creativity, and students” recommendations.
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Meaning of Creativity

Meaning of creativity is defined as a kind of imagination, thinking differently,
completing what is lacking, and being different than what is common. Theme,
subthemes, codes and frequencies are listed on Table 1.

Table 1

The Ideas Of Participants Related To The Meaning Of Creativity And Their Frequency
Theme Subthemes f %  Codes
Meaning of Creativity = Differentiation 14 56  Different actions
Different ideas
Different results
Novelty 11 44 Imagination abilities

New abilities

N N B[ U O

New environment
New products 3

According to P1, “Creativity is a kind of imagination, I can say new methods,
practices”. P2 said creativity was about new ideas and putting them in action. P3 said
creativity was about new methods which were different than all the present
applications. P9 said “I think creativity is to present a product which did not exist
before, and to create differentiation in this sense”. P6 said it was establishing novelty,
however this novelty was like the realization of something uncommon. P8 described
creativity as the application of things that were not seen before and the ones who could
achieve this were creative. P7 explained creativity as completing something that was
lacking in some way.

Creativity in University Education

Creativity in university education reminds diversity in education, creative lessons,
different applications, entrepreneurship and intellectual encouragement.

Table 2

The Ideas of The Participants Related to Creativity in University Education and Their

Frequency
Theme Subthemes f % Codes f
Creativity in Differentiation 11 38 Different lessons 8
university Different seminars 3
education
Entrepreneurship 10 34 Entrepreneurship 3
Lessons
Practice 4
Motivation 3
Teaching methods 8 28 Creative methods 5
Using arts in teaching 3
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P1 said that creativity in education was to teach different things that could be
applied which would not be customary. P9 said that “When we talk about creativity
in university education, lessons that will increase creativity come to my mind. These
can be different practices in lessons, seminars, projects etc.” P2 talked about different
methods to be applied in teaching. P3 said that university education should include
more different things and should be appropriate for practice. P1 said that university
education is limiting their creativity as a result of the standard methods of teaching;:
“We see slides in lessons and we are restricted. We do not disseminate our own ideas;
this is how university education is”. When talking about creativity in university
education, entrepreneurship came to the mind of P7. P4 said that there was too much
theory but no practice.

Creative and Uncreative Practices in University Education

Participants were asked about their comments related to the creative and
uncreative practices in university education. Table 3 shows their comments and their
frequency.

Table 3

Creative and Uncreative Practices in University Education and Their Frequency (N=10)

Theme Subthemes f %  Codes f
Creative and Teaching 17 74  Memorization 8
uncreative practices methods . .
Traditional Teaching 5
No creativity 4
Creative 6 26 Sector communication 3
licati
apphcations Watching films 2
Documentary 1

P10 said that he had not seen any kind of creativity in the first three years since
university gave only preliminary information. P9 mentioned that the first two years
were completely memorization, and the examinations were tests which in a way
prevented students to think. P7 told that there was no system to make students think
differently. P6 said that creativity could be with practice, and some lessons could be
given related to creativity. P4 said that except for a few lessons, they memorized
completely. P3 said that there were lessons just to fill the curriculum, and added “We
saw the alternative tourism topics in introduction to tourism. I wish there were
beneficial lessons in the first term instead of unnecessary lessons, though they may be
theoretical, and I wish we went for internships in the second term, this would be more
logical. If we went to internship directly and to places that would add something to
us, this would have been better”. P5 said that especially in the first two years, they
didn’t need to think.
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Effect of University Education on Student’s Creativity Potential

Effect of university education on student’s creativity potential was perceived as
neutral by 50 %, and 40% of the students believed that their creativity potential
decreased, and 10 % thought that university education increased their creativity
potential. Table 4 shows the theme, subtheme, codes and frequencies.

Table 4

Participants’ Thoughts Related to The Effect of University Education on Student’s Creativity
Potential and Their Frequency (N=10)

Theme Subthemes f % Codes

Effect of University Positive effect 7 32  Self confidence

Education on . C .

Creativity Potential Different thinking
Network

Negative effect 10 45  Loss of time

Loss of energy

O | O [N W N |

Neutral effect 5 No change

According to P9”...university education increased my creativity, however not on
the level that I imagined, but I also don’t think that it decreased”. P8 said that it
increased by the efforts of some of the professors. P7 said that it was on the average.
P6 said “In my opinion, university education decreases creativity, they don’t show us
different points of view, if we focus on the topic, we can reach all the topics that we
have been taught from any book. It is a loss of time”. P5 said that she didn’t take
anything from the lessons in the university: “I think it decreases creativity. I came here
from Istanbul. When I was there, my opinions were brighter, here I am only molded
somehow. I also didn’t take anything from the lessons at the university, I only got
something when I made internship”. P10 said that university education increased his
creativity potential, and the reason why they were at the university was to know the
sector and develop themselves.

Factors influencing creativity

Factors influencing creativity are declared to be Professors, Environment, Society,
Lifestyle, Families, Friends, Traditional way of life, Trial, Books, Films, Activity
groups, Economic conditions, Place of birth, Different places and people, Learning,
Observation, Fashion, Growing up in a small town, and Social media. Table 5
demonstrates participants’ ideas related to the factors influencing creativity.
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Table 5

Participants’ Ideas Related To Factors Influencing Creativity and Their Frequency (N=10)

Theme Subthemes f % Codes f

Factors Influencing People influencing 10 29 Professors

Creativity our education Famili
amilies

Person by himself 11 31 Self-interest

Perception

Environment 14 40 Place born
School
Books

N O W N |~ N o

Social
environment

Economic 2
environment

P1 said that people around him, his professors and himself could influence his
creativity. P2 said that creativity would be more influenced by the environment and
mostly by the ideas of professors. P3 declared that the society, lifestyle, socio-economic
conditions, family and friends would influence creativity. P4 also said that family and
traditional way of life would influence creativity. P5 said that observation and trials
would influence creativity. P6 said “I think creativity would be affected by books,
films, activity groups that we belong to, also by economic conditions we live in. If you
are not trapped in a cage, you will be creative but if you are trapped in a small place
since you were born, you will not be creative, it comes from your family.” P7 said that
different places, another country or society would influence creativity. P9 said that
observation skill might have an affect as well as fashion and the place a person grew
up.

Recommendations

The recommendations of the students for a more creative education are listed as
meeting with professionals from the sector, lessons to be more interesting, no
attendance obligation to lessons, attending hobby activity clubs, being let free, no
memorization, more practice, more contact with professors, and encouragement by
professors. Table 6 lists the theme, subthemes, codes and frequencies.
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Table 6
Recommendations of Participants Related to Creativity in University Education and Their
Frequency (N=10)

No memorization

Theme Subthemes f %  Codes f

Recommendations for Freedom 9 29  Attendance 5
university education obligation

creativity Choice of interest 4

Method of 22 71  Free environment 7

teaching 9

6

More practice

P1 said that he wished he could meet with more professionals so as to have a
different vision. P2 said “... the lessons should be more attractive and there should not
be an obligation for attendance to lessons. Since it is obligatory, I do not want to listen
to the lesson”. P7 said that the attendance obligation did not make her feel well, and
she played with her phone during the lessons. P6 recommended that the newcomers
could attend the social clubs, traveling club, etc. to increase their creativity. P5 said
that students should be left free to develop creative thinking. P4 said that professors
could follow more creative and efficient way of teaching to initiate the creativity
potential of students.

Discussion, Conclusion and Recommendations

The findings of the study regarding the meaning of creativity are consistent with
the findings of many studies (Dacey et al.1998; Feldman et al. 1994; Rhyammer and
Brolin, 1999; Torrance, 1970; ). Some students concerned creativity to be related with
entrepreneurship as it is also mentioned by Ensari and Alay (2017).

The evaluations of a group of university students related to creativity in their
education indicated that they found creativity affecting their intellectual skills. They
considered creativity to be an important issue to influence their personal development
as well as their future career. The learning environment of universities seems to have
an influence on the creative performance (Barron & Harrington, 1981; Oldham &
Cumming, 1996; Scott & Bruice, 1994). However, almost half of the students thought
that there were no changes in their creativity potential, and more than half of them
thought that university education even decreased their creativity potential. Therefore,
university education system, curricula, teaching techniques, as well as assessment
techniques need to be revised as universities may have a considerable role in
enhancing creativity which is supposed to influence students’ future career and life.
Universities have a significant role as preparing students for future challenges and
opportunities, by supporting their flexibility and creativity, in order to have students
of the future “with skills to manage life” (Sternberg, 2004).
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Creativity is influenced by intrinsic and extrinsic factors. The findings of this study
indicated that young adults found their environment, society, life style, family, friends,
fashion etc. influencing their creative abilities. What is interesting from this study was
their belief about the effect of their relationship with their professors at the university.
They thought that their relationship might have an influence on their creativity
potential. This points out the influence of professors on young adults’ creativity.

Amabile (1983) and Jackson’s (2014) model of creativity points out three main areas
and context. The results of this study support the effect of context as relationships with
professors, curricula, university and education culture to support creativity; and
secondly teaching staff as expertise in creativity and the motivation and skills of the
students. The motivation of the students was observed to be high and they expressed
that they were willing to participate any novel application and research.

One of the main interesting points as a barrier for creativity is the memorization
pressure. Students found this situation as threatening their creativity potential. This
view supports some of the researchers criticizing university education to create
“parrots” through rote memorization skills (Papaleontiou-Louca, et al. 2014), and
students not having an active role and creativity not playing a central role (Cachia et
al. 2009).

The research results point out critical information to consider about creativity for
the research group. First, creativity in university education is underestimated and not
given considerable attention in general. The students do not feel to establish or develop
creative skills, practices, experiences and applications. Only one of the students think
that university education contributed to her creativity potential. This main result of
the study is contradicting the vision of raising highly qualified human power who will
be ready for Industry 4.0 age in a fastly changing, competitive, innovative and
challenging environment as they can see no progress in their creative abilities and
critical thinking process.

University education needs to be taught creatively and creativity should replace
the pressure of memorization. Besides, students want to feel free and want to express
themselves. University teachers can try to be “information guides” instead of being
“information exigents”. Thirdly, Turkish students find a strong correlation between
entrepreneurship and creativity, therefore university curricula can involve more
entrepreneurship lessons or applications.

In summary, the mission of university as to contribute to the intellectual potential
of the people of future from the point of creativity needs to be reconsidered. Systematic
concern can recover the curricula, research abilities, coordination with industry, less
memorization pressure, and freedom to produce new ideas and projects. The students
need less pressure to memorize and have the opportunity to investigate and create
their own ideas based on observation, knowledge, and experience.

University academicians and instructors should be aware of creativity and be
ready for it in the context of their education. It is a serious fact to consider creative
teaching and evaluate the results. Otherwise, all efforts will be wasted, and the creative
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and innovative thinking model of the individual will be a dream. The importance of
valuing creativity in teacher education should be emphasized.

Students usually have a willingness to learn more and improve their thinking and
creativity skills because of the increasingly volatile, uncertain, complex and
ambiguous world awaiting them, they need to be ready for the future. They need to
know their creative abilities, their potential, and they need creative thinking abilities
as the “change agents” of the future. They need more imagination and less pressure to
memorize. Imagination and creativity have a power that keeps us apart from
everything in the world, and that is what makes a difference (Robinson, 2015). They
need to learn about risk taking and failures and how to learn from their failures.

Cultural differences in every society has an impact on teaching systems. It is a fact
that creative teaching and teaching for creativity cannot be standardized as well as the
education in general. Therefore, each country should establish its own model for
creativity especially in teacher education, and secondly in education in general.
Because a model successfully applied by a country cannot guarantee the same results
if applied in other countries in the same way (Ozmusul, 2012).

The contribution of this study for future studies is that the results give important
clues to revise and examine the university education. Young learners need more
potential for innovative thinking, self-confidence, imagination, and divergent thinking
(Craft, 2001).

Universities all over the world are in the era of transferring into fourth generation
universities. They aim to form links and projects between government and industry
through academic consultancy, research and development centers, programs,
entrepreneurship projects, and student-industry collaboration (Papaleontiou-Louca, et
al. 2014). This new era requires innovation and creative thinking abilities, risk taking,
problem solving, being “change agents” and being “future oriented”. For this purpose,
universities need new tools like digital simulations, games, project-based lessons,
research and development centers, and students need more practice rather than
memorizing what is already known. The findings of this study indicate that students
want to get close to the professionals, and they want to be more experienced before
they are graduated from the university.

The university of the future will have its main focus as “improved thinking skills
and creativity, it will expand its reach to untraditional areas, change the mix of its
offerings, broaden its student base, and develop more creative delivery of learning
ways” (Papaleontiou-Louca, et al. 2014). People of the future will need to think
creatively, develop new ideas, products and services, new jobs, new processes and
methods, new ways of thinking and living, new enterprises, new sectors, new business
models, and new social models. Increasingly, innovation and creativity spring not
from individuals thinking and working alone, but through cooperation and
collaboration with others to draw on existing knowledge to create new knowledge
(OECD,2018).
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Finally, creativity is a multi-dimensional concept and it needs a systematic view as
stated by Kaufman and Beghetto (2009). It starts with as a mini-c and evolves to pro-c.
Also, it needs a framework (Dewulf & Baillie, 1999) as CASE. The study findings
indicate that students think that their creativity is influenced by many factors like
professors, environment, family, friends, society as mentioned above. Creativity in
education should not be limited to university education, in reverse it should be
considered in the whole body of the education system. “It seems that teaching for
creativity will not be explored unless it adds value to the learning process, the
individual and to the university, government, industry and the community
stakeholders” (Papaleontiou-Louca, et al. 2014). Therefore, it will be beneficial to
search for creativity in the future studies from many aspects.
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Ozet

Problem Durumu: Guintimtiz diinyasinda sosyal, ekonomik ve teknolojik ortam hizli bir
degisim icindedir. Bu degisime uyum saglayabilmek icin, farkli ve yenilik¢i bakis
acilarina ihtiya¢ duyulmakta; belirsiz ve karmasik ortamlarda yeni fikirler, yeni
uygulamalar ve yenilikci yaklasimlar gerekmektedir. Buradan hareketle, yaraticilik
ozellikle geng insanlarin kariyerlerini ve yasama bakis agilarini sekillendirmede temel
olabilecek ©nemli konulardan birisi olarak goriilmektedir. Universite egitimi,
genclerin profesyonel yasamlarma hazirlandiklart ve hizli degisen global ortama
katilmaya hazirlandiklar: egitim asamasi olup genglerin egitiminde, olduk¢a nemli
bir yere sahiptir. Bu arastirma, ti¢ ana problemi icermektedir: oncelikle tiniversite
ogrencilerinin yaraticiliktan ne anladiklari, ikinci olarak, tiniversite egitiminde
yaraticilig1l nasil kavramlastirdiklar: ve son olarak tiniversite egitiminde yaraticilik
hakkindaki kisisel degerlendirmeleri ve 6nerileri.

Arastirmanin Amaci: Arastirma, bir grup dérdiinciti sinif 6grencisinin tiniversite egitimi
ve yaraticilikla ilgili algilarini, degerlendirmelerini, yorumlarini, deneyimlerini ve
onerilerini bulmay1 amaglamaktadir. Arastirma kapsaminda nitel arastirma yaklagimi1
benimsenerek, 6grencilerin algi, yorum, tecriibe ve 6nerileri degerlendirilmistir.

Arastirmamin Yéntemi: Nitel bir arastirma olarak tasarlanmis olup, fenomenolojik
metodoloji izlenmistir. Veriler odak grup goriismesi kullanilarak toplanmus olup,
tematik analizle incelenmistir. Fenomenolojik metodoloji, bireylerin bir kavram ile
ilgili tecrtibelerini anlamay1 hedefler ve bireyin tecriibelerinin 6ztinti tanimlar (Saban
and Ersoy, 2017). Odak grup gortismesi ile bir devlet {iniversitesinde okumakta olan
10 tane dérdiincti sinuf dgrencisi ile arastirma yapilmistir. Calisma Mayis 2018’de
gerceklestirilmistir.

Arastirmanin Bulgulari: Bulgular, 6grencilerin tiniversite egitimini ¢ogunlukla yaratic
bulmadiklarin1  ve egitimleri esnasinda smurli sekilde yaratict uygulama
deneyimlediklerini ve tiniversite egitiminin genel olarak yaraticilik potansiyellerine
katkida bulunmadigm distindiiklerini  gostermektedir. Yaraticiigin  anlami
farklilasma ve yenilik olarak iki ana temada ifade edilmis ve bu temalarin altinda ise
yeni eylem, fikir, sonug, hayal etme, tiriin ve cevre kavramlar1 yer almustir. Universite
egitiminde yaraticlik kavrami altinda 6grenciler, farklilasma, girisimcilik ve 6gretme
metotlar1 gibi ana temalardan bahsetmislerdir. Farklilasma temas: altinda farkl
dersler ve seminerler olmasinin egitimde yaraticiligi destekleyecegini; tiniversite
egitiminde girisimciligin onlara yaraticligi animsattigini ve bu amagla girisimcilik ile
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ilgili derslerin, uygulamalarin ve girisimciligin motive edilmesi gibi konularin
giindeme gelmesini diistindiiklerini belirtmiglerdir. Universite egiminde yaraticilik
denildiginde 6gretme metotlariiin yaratict olmadigimi ancak yaratici olmasi
gerektigini belirterek, olabildigince sanatsal metot kullamiminin yaraticilify
destekleyecegini diistindiiklerini belirtmiglerdir. Universite egitiminde yaratict ve
yaratict1 olmayan uygulamalara 6rnek vermeleri istenildiginde 6gretme metotlar:
yaratict olmayan uygulamalar olarak ifade edilmistir. Ogretme metotlarinin yaratict
olmamasinin nedenleri arasinda ezbere dayanmasi, geleneksel anlayista olmasi ve
yaraticilik icermemesi belirtilmistir. Yaratici uygulamalara 6rnek olarak sektorle
iletisim halinde olmak, konularla ilgili film, belgesel vb. farkli kaynaklardan bilgi
edinmek gibi konular aciklanmigtir. Ogrencilere, iiniversite egitiminin yaraticilik
potansiyellerini nasil etkiledigi konusundaki diistinceleri sorulmustur. Agirlikl
bolimi tiniversite egitiminin yaraticilik {izerinde olumsuz bir etkisinin oldugunu
diistindtiklerini belirtmis olup, zaman ve enerji kaybi olarak ifade etmislerdir. Olumlu
etkisi oldugunu diistinen 6grenciler ise 6zgiiven, farkl diisiinme yeteneklerini
gelismesi ve iletisim aglarimin gelismis olmasi gibi konulardan s6z etmislerdir. Olumlu
ya da olumsuz etkisi olmadigin diistinen 6grenciler de olmustur. Yaraticiig etkileyen
faktorlerin ne oldugu konusundaki fikirleri soruldugunda ise d6grenciler egitimlerini
etkileyen insanlar (egitimciler ve aileler), kisinin kendisinin (ilgi, alg1) ve cevrenin
yaratilcilik tizerinde etkili oldugunu belirtmislerdir. Cevre iginde ise kisinin dogup
buyudigu yer, gittigi okullar, ilgi duydugu kitaplar ve yetistigi sosyal cevre yer
almaktadir. Son olarak, iiniversite egitiminde yaratichik konusunda onerileri
soruldugunda, 6grenciler 6zgiirliik ve 6gretme metotlari olarak iki ana tema tizerinde
goriis ifade etmislerdir. Universite egitiminde daha 6zgiir bir ortam olmasim
istediklerini ve bu amagla devam zorunlulugu ve ilgi alan1 disindaki derslere devam
etme zorunlulugu gibi konularin yaraticiligi olumsuz etkiledigini diistindiiklerini
soylemislerdir. Ayrica dgretme metotlarinda 6zgiir bir ortama ihtiya¢ oldugunu,
ezbere dayanan bir egitim istemediklerini ve daha ¢ok uygulama gormek istediklerini
ifade etmiglerdir.

Arastirmamin Sonuclart ve Onerileri: Arastrma sonuclari, iiniversite dgrencilerinin
tiniversite egitimini genel olarak yaratict bulmadiklarimi ve aldiklar1 egitimin
yaraticilik potansiyellerini olumlu yonde gelistirmedigini; tniversite egitiminde
Ogretme metotlarinin daha yenilik¢i olmasini istediklerini, ezber yontemi yerine daha
ozgiirlik¢i ve wuygulamaya dontik calismalart tercih etmek istediklerini
gostermektedir. Calisma, yaratict ve yaratici olmayan uygulamalarin yani sira
yaraticiigin anlami ve degerlendirilmesi ile ilgili, iniversite egitiminin 6grencinin
yaraticilik potansiyeli tizerindeki etkisi ve tiniversite 6grencileri tarafindan algilandigt
sekilde tiniversite egitimi ile ilgili baz1 6neriler sunmaktadir. Aragtirmanin sinirl bir
orneklemi kapsadigt unutulmamalidir. Bununla birlikte, bu arastirmanin sagladig:
temel verilerle daha genis kapsamli bir arastirmaya yol agmasi beklenebilir. Tiirkiye'de
tiniversite egitimi ve yaraticilikla ilgili arastirmalar sinirlidir ve arastirma bulgular:
tiniversite egitiminde yaraticilik konusuna dikkat cekmektedir.

Anahtar Kelimeler: Yaraticilik, Yaratic1 diistinme, Universite egitimi.
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Introduction

Different tools are used depending on the feature of education that is to be
measured. One of these measurement tools is essay-type examinations, which are
appropriate for measuring high-level skills, including writing, self-expression in a
native or foreign language, problem solving, creative thinking, critical thinking and
synthesis step behaviours (Atilgan, Kan & Aydin, 2017; Turgut & Baykul, 2010).
Cohen, Swerdlik and Philipps (1996) also emphasised that essay-type examinations
require organisation, planning and writing skills. Writing is a critical skill (Graham,
Harris & Hebert, 2011); therefore, writing and writing-based essay-type examinations
constitute a primary mechanism by which students can display their knowledge
(Graham, 2006).

Furthermore, essay-type examinations are tests by which students are expected to
display their academic content knowledge (Bereiter, 2003). Generally, a student
writing an essay must gather his/her thoughts about a given subject, create an idea,
and organise his/her thoughts. Essay-type examinations are more recognised
compared to other types of examinations for measuring writing ability of a student
(Atilgan, Kan & Aydin, 2017; Schoonen, 2005). From this viewpoint, essay-type
examinations are considered to be essential measurement tools in the field of
education. However, even though essay-type examinations exhibit various
advantages while measuring writing ability of a student, it exhibits various
disadvantages, such as the creation of errors, because of the complexity and versatility
of essay-type examinations (Shavelson, Baxter & Gao, 1993).

Because there are differences between writing abilities of various students,
students are not expected to achieve identical ratings in essay-type examinations.
Furthermore, ratings will vary from one student to another, thereby reflecting
differences between their writing abilities. However, a student’s rating is affected by
several extraneous factors. With respect to writing, which is a complex ability, these
extraneous factors include several variance sources such as the task, type of task, rater,
rating tool, essay topic, student’s interest in the topic, essay type (such as descriptive,
analytical, narrative or argumentative), time constraint, rating process, interaction,
and other such factors (Schoonen R., 2005; Sudweeks, Reeve & Bradshaw, 2005).
Moreover, changes in ratings that are obtained based on this variance are considered
to be measurement errors.

Similar to all ratings, main objective of measurements in essay-type examinations
is to accurately evaluate the measured feature of students (Kim, Schatschneider,
Wanzek, Gatlin & Otaiba, 2017; Nitko & Brookhart, 2011; Nunnally & Bernstein, 1994).
However, as mentioned previously, apart from a student’s writing efficiency,
measurement errors arising from the sources of variance, such as raters, tasks and
measurement tools, also affect measurement results (Schoonen, 2012). Presence of
errors from such sources of variance while measuring writing abilities complicates the
determination of reliability (Bouwer, Beguin, Sanders & van den Berg, 2015).

Nitko and Brookhart (2011, p. 219) indicate that intra-rater reliability is low because
of the nature of essay-type questions. In particular, rater is the source of variance that
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affects the reliability of essay-type examinations. Because the same rater may rate the
same essay differently at different times (Block, 1985; Cooper, 1984), the same essay
may achieve inconsistent ratings when multiple raters rate it independently from each
other (Baykul, 2000; Tugut, 1995). Furthermore, scoring reliability can be increased
when the raters are provided with a high level of training (Weilgle, 1994; Weigle, 1998).
However, raters may interpret the rating criteria differently and rate differently
despite their high level of training (Gebril, 2009; Schoonen R., 2005; Swartz, et. al.,
1999). Several studies have shown that raters differ in their implementation of the
rating criteria in terms of rigidity and generosity (Atilgan, 2008; Cumming, Kantor &
Powers, 2002; Eckes, 2008; Kan, 2007; Kondo-Brown, 2002).

Measurement errors that are caused by this differentiation among raters result in
inconsistency in rating and decrease in reliability. Furthermore, determination of the
accuracy of rating obtained via essay-type examinations depends on the measurement
errors that arise from the sources of variance. Simultaneously, to minimise the
interference of such errors with the measurement results, sources of these errors
should be accurately understood; moreover, measurement conditions should be
designed accordingly. The generalizability theory (G theory) is an appropriate
methodology for designing measurement tools by determining the errors arising from
multiple sources of variance.

Generalizability Theory

While determining reliability, the classical test theory considers only the errors that
are obtained from a single source of variance such as items, raters and time (Crocker
& Algina, 1986; Lord & Novick, 1968; Miller, Linn & Gronlund, 2009; Thordike, 1971).
For example, in case of test-retest reliability, source of variance (error) is considered
to be time, whereas, in case of Cronbach’s alpha reliability coefficient, source of
variance (error) is items. However, in some measurements, multiple sources of
variance can exist. For example, in several multifaceted measurements, items that are
rated using multiple raters, items and raters as well as their interactions are considered
to be sources of potential variance. The G theory, which can simultaneously consider
all the sources of potential variances and their interactions (Atilgan, 2008; Brennan,
2001a; Crocker & Algina, 1986; Cronbach, 1984; Nunnally & Bernstein, 1994; Shavelson
& Webb, 1991), has been proposed by Cronbach et. al.,, (Cronbach, Rajaratnam &
Gleser, 1963; Cronbach, Gleser, Nanda & Rajaratnam, 1972) as an expansion of the
classical test theory for overcoming its limitations.

In a measurement scenario, a G study is conducted for determining the effects of
error sources by analysing all error sources together and for defining the universe of
admissible observation. The G theory can divide observed ratings into facets,
interaction of facets and random errors. For example, the most prevalent G theory is a
completely crossed design (p * i X r), where performances of the objects of
measurement (p) are rated by multiple raters (r) using multiple items (Atilgan, 2008).
In this design, p, i and r are referred to as facets. The p x i X r design of the G theory
contains seven variances (o3, 07, 07, 0%, Op, 04, Opir) comprising three main and
four interaction effect variances (Atilgan, 2008; Brennan, 2001a; Shavelson & Webb,
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1991). In the G study, these variances can be estimated using analytic variance
techniques. Furthermore, relative error variance (6) is defined, as presented in
Equation 1, using the variances of interaction between estimated components of
variance, including the objects of measurement and other facets.
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Furthermore, absolute error variance (A), as presented in Equation 2, is defined

using the main effects of facets (except for the objects of measurement) and interaction
variances among all the facets.
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The generalizability coefficient (Ep?) is defined for performing relative
measurements, as presented in Equation 3, using relative variance (§). Furthermore,
reliability (Phi) coefficient (®) is defined for performing absolute measurements, as
presented in Equation 4, using absolute error variances (A) (Atilgan, 2008; Brennan,
2001a; Shavelson & Webb, 1991).
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The decision study (D) is conducted for determining the optimum conditions of
facets, including the number of items and raters, using variances obtained from the G
study for minimising the errors in a measurement design (Brennan, 2001a; Crocker &
Algina, 1986; Shavelson & Webb, 1991). Furthermore, change in measurement error
and reliability can be estimated by increasing or decreasing the number of each facet,
such as item and rater, using the D study. Thus, measurement designs can be
determined in which the conditions of facets may be considered to be optimal for
achieving the desired level of reliability.

Several studies have been conducted based on G theory from the viewpoint of
rating writing abilities and reliability of ratings. In some of these studies, rater and task
(Kim, Schatschneider, Wanzek, Gatlin & Otaiba, 2017), rater and occasion (Sudweeks,
Reeve & Bradshaw, 2005) and rater’s years of experience (Dogan & Uluman, 2017) are
examined as facets. In some studies related to the reliability of the writing ratings,
certain traits, such as the topic of writing task, content or use of language, whether
rating is analytic or holistic (Schoonen, 2005), whether rating guidance is used (Kan,
2007), the number of essay samples (Graham, Hebert, Sandbank & Harris, 2016), essay
type (such as argumentative, narrative) (Bouwer, Beguin, Sanders & van den Ber, 2015)
and different task types (Gebril, 2009), are considered to be the facets. Although several
studies have determined the intra-rater reliability, only a few generalizability studies
have studied the ratings using trained raters. Studies related to scoring and
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generalizability of writing skills have mostly focused on writing skills in foreign
languages, and the G theory analyses have been conducted using univariate patterns
having sample widths of lower than 200. It is assumed that this study, which is
conducted using the multivariate G theory pattern, will contribute to the literature
with a large sample, where raters have been trained to rate writing skills in their native
language.

Herein, the generalizability and reliability of the essay ratings, which measure
writing abilities of the objects of measurement in their native Turkish language, have
been examined in the context of multivariate G theory. In this context, the effects of
raters who have been trained on the subject of rating are considered to be effective
with respect to generalizability and reliability of essay ratings. This study has
attempted to denote the manner in which the coefficients of generalizability and
reliability change according to the number of raters while rating writing ability, which
is an implicit trait, as a whole and in its sub-dimensions of title selection, paragraph
construction and wording/writing along with a suitable number of raters for ensuring
optimal reliability. Thus, this study intended to broaden our knowledge related to
assessment of essay writing skills and to create a reference for obtaining a sufficiently
reliable rating of essays.

Method
Research Design

The present study aimed to investigate generalizability and reliability of the essay
ratings. The following sections describe the research sample, data collection
procedure, tool and research data, and data analysis.

Research Sample

Atilgan (2013) indicates that a sample size of 400 is sufficient for performing an
accurate and reliable estimation of the G and Phi coefficients. Therefore, size of the
student sample of the study is targeted to be greater than 400. Therefore, three districts,
namely Bayrakli, Bornova and Karsiyaka, in the provincial centre of izmir, Turkey,
and one school from each of the three districts have been selected to constitute a
random cluster sample. All the 8th-grade students of these three schools constituted
student sample of the study. Student sample size comprised a total of 443 students and
contained 75, 165 and 204 students from each school according to the school sizes. A
student sample size of 443 was sufficient for performing the G theory analyses.
Because the selection of raters who are experts in the field will increase rating
reliability (Schoonen, Vergeer, & Eiting, 1997), rater sample comprised four instructors
chosen among Turkish instructors who are experts in their field.

Data Collection Tool and Research Data

All the students who constituted the sample were asked to write an essay. The topic
of the essay was selected from the topics provided by three Turkish teachers and two
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experts of educational measurement and assessment. Furthermore, instructions on the
essay topic were given as follows:

Success is not a gift that can be obtained because of coincidence but is a product of a
certain amount of hard work. It is a victory that is achieved because of planned and
determined work. The key to being successful is not to work for several hours but to
work in a planned manner. Those who hold this key have no alternative but to succeed.
Based on this explanation, write an essay explaining the importance of planned work

According to the abovementioned instructions, students wrote their essays in their
own schools during Turkish class in one period (45 min) in a writing area that did not
exceed the standard writing area, which can be defined as 70 lines and approximately
one and a half pages of an A4-sized paper.

Furthermore, the Writing Skill Scale (WSS) (Dogan, 2015) was used for rating
students” essays. This scale, which is an ordinal scale, comprised 20 items. Each item
is rated on a quaternary-scale (none=0, insufficient=1, partially sufficient=2 and
sufficient = 3). Because of the application of exploratory factor analysis for determining
factorial construct validity, three factors with eigenvalues of greater than one were
obtained. These three factors explained 82.82% of the total variance. Because of
Varimax rotation, factor loads were observed to be between .74 and .87 in 14 items of
the first sub-dimension, between .84 and .89 in 3 items of the second sub-dimension,
and between .87 and .97 in 3 items of the third sub-dimension. These sub-dimensions
were examined by experts, and the first sub-dimension was named as
wording/writing (14 items), the second sub-dimension as paragraph construction (3
items), and the third sub-dimension as title selection (3 items).

Training raters with respect to rating can increase rating reliability (Weilgle, 1994;
Weigle, 1998). Moreover, a good knowledge of the rating criteria affects the reliability
of the ratings (Schoonen, 2005). Therefore, training was provided to four selected
Turkish lesson teachers for understanding how to rate and how to use the scoring
scale. Furthermore, essays to be rated were divided into four and distributed to the
raters. Raters were requested to write their ratings in a separate electronic tablet that
was reserved for each rater. Essays that were obtained from the raters who finished
rating the essays provided to them were given to other raters. Thus, it was ensured
that every rater rated all essays and that they were completely independent of each
other in rating. A data matrix containing 443 x 20 dimensions was obtained because
all students’ papers were rated by each rater using a 20-item ordinal scale with three
sub-dimensions. Furthermore, data matrices of four teachers were combined and
prepared for analysis.

Data Analysis

The 20-item WSS used for rating comprised three sub-dimensions with a different
number of items. Thus, sub-dimensions will be fixed facets and items will be nested in
these facets. When sub-dimensions are crossed with ‘s’, “x” and symbolised as nested
in “, the design becomes a univariate G theory design that can be symbolised
asp x (i:s) x r because all objects of measurement (p) are rated by all raters (r) on all

items (i) in each sub-dimension (s). Brennan (2001a) refers to such designs as the “table
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of specifications’ designs that comprise a sub-dimension (or tests) and items in a sub-
dimension. Such a design is considered to be balanced when the number of items in
each sub-dimension is equal; otherwise, it is considered to be unbalanced. This study
used an unbalanced design because the number of items in sub-dimensions was
different. Brennan (2001a, p. 86) states in G theory that the usage of multivariate G
theory analysis instead of univariate analysis in unbalanced designs, as in this study,
is a more convenient and powerful methodology. Furthermore, univariate analysis
creates uncertainty and complexity in estimates and designs with unequal number of
items in sub-dimensions, whereas multivariate analysis ensures separate estimation of
variance and covariance components in each fixed facet sub-dimension (Brennan,
2001a, p. 276); therefore, herein, a multivariate p*x i°x r* design of G theory is used. In
this design, superscripted and filled circle ‘¢’ denotes that the facet is crossed with
fixed multivariate data, and unfilled circle ‘" denotes that the facet is nested in
multivariate data (Brennan, 2001a; Brennan, 2001b).

Variance components are estimated for sub-dimensions in G study conducted
using the multivariate design p*x i°x r°of the G theory. Herein, the generalizability
coefficient (Ep?) was calculated for performing relative measurements, and reliability
coefficient ® was calculated for performing the absolute, sub-dimension and
compound measurements. In the alternative D study, the Ep? and ® coefficients were
calculated with an increased and decreased number of rater scenarios for sub-
dimensions and compound measurements. All the G theory analyses were conducted
using the mGENOVA 2.1 PC (Brennan, 2001b) version software.

Results

The findings are presented below respectively in two stages which are labelled as
multivariate generalizability study and multivariate decision study.

Multivariate Generalizability Study

In generalizability (G) study using the multivariate design p°x i®x r* of the G
theory, three main (p, i and r) and four interaction effect variances (pxi, pxr, ixr and
pxixr,e) were estimated. These variances, which were separately estimated for the sub-
dimensions and their percentages in the total variance, are presented in Table 1.

Table 1
Variances and Percentages for the Sub-dimensions Estimated using G study
Title selection Paragraph Construction ~ Wording/Writing

Source* Variance % Variance % Variance %
P 90326  73.90 1.08388 75.51 32054  49.88
I 06262 5.12 .00141 .10 03129  4.87
R .03361 2.75 .02942 2.05 .0102 1.59
pxi .05269 431 .00116 .08 .0311 4.84
pxr .08986 7.35 24923 17.36 08243  12.83
ixr .00871 71 .00192 14 02315 3.60
Pxixre 07161 5.86 06831 4.76 14391 22.39
Total 1.22236  100.00 1.43533 100.00 .64262  100.00

*: P: object of measurement, i: item, r: rater, e: error
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Title Selection Sub-dimension. The percentage of the object of measurement (p)
variance, which is also referred to as the universe variance, in the total variance is
expected to be greater than the remaining main and interaction variances for an
optimal measurement (Brennan, 2001a; Shavelson & Webb, 1991). Thus, the object of
measurement variance (p) having the greatest variance (79.90%) in the total variance
of this sub-dimension has denoted individuals’ diversity with respect to ‘title selection’
abilities in the essays that they have written. Item (i) variance constituted 5.12% of the
total variance. Relatively large percentage of variance associated with the items can be
interpreted as differentiation of items in the “title finding” sub-dimension. The fact
that another main effect variance, rater (r) variance, which was the focal point of this
study, constituted a relatively small fraction (2.75%) of the total variance showed that
there is little discrepancy among raters’” ratings in the “title selection” sub-dimension.
Thus, only a few differences presumably existed in terms of generosity or rigidity in
this sub-dimension with regard to ratings for all objects of measurement by four raters.
The fact that variance of the interaction effect between the object of measurement and
item (pxi), which was estimated as 4.31% of the total variance, was relatively high
denoted that relative conditions of the objects of measurement differed between
various items in the ‘title selection” sub-dimension. Variance of interaction effect
between the object of measurement and rater (pxr) constituted 7.35% of the total
variance. This observation denotes that certain raters rated certain objects of
measurement rigidly or generously in this ‘title selection” sub-dimension, i.e. the
relative rankings of certain objects of measurement differed for certain raters. Variance
of the interaction effect between item and rater (ixr) constituted .71% of the total
variance. The fact that the share of this variance in total variance was close to zero
denoted that the raters rated students from one item to another in a consistent manner.
The final variance, i.e. residual variance, comprised trilateral interaction occurring
among the object of measurement, rater and item as well as error variance (pxrxi,e or
residual). It has been concluded that relative rankings of the objects of measurement
in this sub-dimension constituted 5.86% of the total variance of trilateral interaction
variance of the objects of measurement, rater and item along with remaining error
sources that were not taken into consideration during the G study.

Paragraph Construction Sub-dimension. Variance estimated for the object of
measurement (p) main effect was the greatest constituting 75.51% of the total variance,
denoting the diversity of the ability of ‘paragraph construction’ in submitted essays.
Item (i) variance constituted .10%, which was a considerably small fraction, of the total
variance. This denoted that items in the paragraph construction sub-dimension only
exhibited a minor variation. The fact that rater (r) variance constituted a small fraction
of the total variance with 2.05% denoted that there was a minor discrepancy between
the ratings of the raters in the sub-dimension. Percentages of bilateral variance of the
interaction effect between the object of measurement and item (pxi) and between item
and rater (ixr) were .08% and .14 %, respectively, and were observed to be close to zero.
Thus, relative conditions of the objects of measurement among the items of this sub-
dimension differed slightly, and raters rated the objects of measurement from one item
to another in a consistent manner. On the contrary, variance of interaction effect
between the object of measurement and rater (pxr) constituted 17.36% of the total
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variance as the greatest variance after object of measurement (p) variance, which is the
universal rating variance. This denoted that certain raters rated certain objects of
measurement either rigidly or generously. The residual variance, which is the trilateral
interaction among the object of measurement, rater and item as well as error variance
(pxrxie or residual) and the variance of the relative rankings of the object of
measurement, rater and trilateral interaction of item and other error sources that were
not considered in the G study, were found to constitute 4.76% of the total variance.

Wording/Writing Sub-dimension. Object of measurement (p) variance, which is the
universal rating variance, constituted a smaller percentage, 49.88%, of the total
variance when compared with other sub-dimensions. However, for the object of
measurement (p) main effect variance, which was the greatest variance in the total
variance, students” ‘wording/writing’ ability diversity has been put forth in essays,
although in a lesser degree in comparison with other sub-dimensions. Item (i)
variance, which constituted 4.87% of the total variance, had a relatively higher
percentage and showed differentiation of items in this sub-dimension. The fact that
rater (r) variance, whichwas the focal point of this study, constituted a relatively small
portion of the total variance with 1.59% and denoted that the ratings of the raters in
this sub-dimension showed little discrepancy or that there were few differences in
terms of generosity or rigidity. The fact that the bilateral variance of the interaction
effect between the object of measurement and item (pxi), which constituted 4.31% of
the total variance,was relatively large denoted that the relative conditions of the objects
of measurement differed in this sub-dimension. The fact that bilateral variance of
interaction effect between the item and rater was 3.60% of the total variance denoted
that rating stability of the raters while rating the objects of measurements between
various items was lower when compared to that observed in other sub-dimensions.
Bilateral variance of interaction effect between the object of measurement and rater
(pxr) constituted 12.83% of the total variance. This denoted that certain raters rated
certain objects of measurement either rigidly or generously. The residual variance,
which occurred because of trilateral interaction among the object of measurement,
rater and item as well as error variance (pxrxie or residual), exhibited the second
greatest variance percentage, i.e. 22.39% of the total variance. This indicated that
relative rankings of the objects of measurement exhibited a great variance of trilateral
interaction among the object of measurement, rater and item, which was larger than
the remaining error sources that were not considered in the G study.

Multivariate Decision Study

In the decision study (D) with a multivariate design p*x i°x r* of the G theory, the
G and Phi coefficients were calculated for four raters of the original study and for
higher and lower number of raters as alternatives in each sub-dimension and in the
compound measurement. Different number of raters and the G and Phi coefficient
estimates for sub-dimensions and compound ratings are presented in Table 2.
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Table 2
G and Phi Estimates for Different Number of Raters
Compound
Sub-dimensions Measurement
Number Title Paragraph Wording/
of Selection Construction Writing
Raters G Phi G Phi G Phi G Phi
6 .96 .93 .96 .96 .95 .94 .97 .96
5 .96 .93 .95 .95 .94 .93 .96 .95
4 .95 .92 .94 .93 .93 .91 .95 .94
3 .94 91 92 91 91 .89 .94 .93
2 92 .89 .89 .88 .87 .85 91 .90
1 .87 .83 .80 .78 77 .75 .84 82

Note: The italicised figures are the original number of raters.

The G coefficient (Ep?), which is calculated for the norm-referenced
measurements, was obtained for the four raters as .95, .94 and .93 for ‘title selection’,
‘paragraph construction’” and ‘wording/writing’, respectively, and as .95 for
compound measurement. The ® coefficient, which measures the reliability of absolute
(criterion-referenced) measurements, was calculated for the four raters who provided
the ratings in the study as .92, .93 and .91 for the sub-dimensions of ‘title selection’,
‘paragraph construction’ and ‘wording/writing’, respectively, and as .94 for
compound measurement.

The D study was conducted using different number of raters to determine the effect
of the number of raters on the generalizability and reliability (dependability) of essay
ratings, to determine the manner in which variances of the number of raters changed
the G and Phi coefficients and to determine the optimal number of raters with the G
theory perspective by considering manpower, time and economy without
compromising psychometric quality. The effect of the number of raters obtained in the
D study on the G and Phi coefficients for the sub-dimensions and compound
measurement are presented in Figure 1.

Sub-dimension of Title Selection Paragraph Construction Sub-
100 dimension
1,00
0,90 ./'/‘—""——_. 0,95
0,90
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Number of Raters
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Figure 1. Sub-dimension and Compound Measurement G and Phi Coefficients for
Different Number of Raters

Herein, four randomly selected Turkish course instructors were trained on how to
rate students’” essays. As presented in Table 2, all the G and Phi coefficients for sub-
dimensions and compound measurement were greater than .90 with respect to the
ratings of these four raters. As depicted in Figure 1, when the number of raters was
increased from four to five, there was little gain in the G and Phi coefficients for sub-
dimensions and compound measurement; when the number of raters was reduced to
three, there was very little loss, and all the coefficients remain greater than .89.
However, when the number of raters was reduced to two, there was some increase in
the loss of the G and Phi coefficients for sub-dimensions and compound measurement.
At the same time, in case two raters provided the rating, obtained G coefficients were
.92, .89 and .87 and the Phi coefficients were .89, .88 and .85 for the sub-dimensions of
‘title selection’, “paragraph construction” and ‘wording/writing’, respectively. As can
be observed from Figure 1, when three raters instead of two provided the rating, the
gain obtained decreased in the sub-dimensions and, particularly, in the compound
measurement.

Discussion, Conclusion and Recommendations

One of the aims of this study was to determine the effect of raters on reliability.
Therefore, ratings of raters, who were experts in their fields and who were trained on
how to rate the essays and how to use the scale of rating, were analysed. In the G study,
although wording/writing sub-dimension was smaller than title selection and
paragraph construction sub-dimensions, the calculated variance of the object of
measurement exhibited the highest share. The main effect variances of the raters were
observed to be relatively small in the sub-dimensions, and this observation showed
that ratings given for all the objects of measurement by the trained raters were
consistent with each other. This result is similar to the findings of several previously
conducted studies (Kim, Schatschneider, Wanzek, Gatlin & Otaiba, 2017; Schoonen R.,
2005; Sudweeks, Reeve & Bradshaw, 2005) with respect to rating of writing abilities in
the literature and shows that rater variance is small and that raters provide ratings
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consistently with each other. Simultaneously, the fact that the percentage of the
variance of interaction effect between item and rater (ixr) was small in all sub-
dimensions can be attributed to raters being consistent in rating the items.
Furthermore, people who will provide ratings should be chosen from relevant experts
(Schoonen, Vergeer & Eiting, 1997) and should be trained; in these trainings (Weilgle,
1994; Weigle, 1998), they should be taught how to rate, and should also understand
that provision of rating criteria affects the reliability of ratings (Schoonen, 2005).
However, high percentage of variances of interaction effect between the object of
measurement and rater (pxr) shows that certain raters were either rigid or generous in
rating certain objects of measurement in all sub-dimensions. These results indicated
that trained raters, who can provide consistent ratings for all objects of measurement
and items, may rate a certain object of measurement more rigidly or generously and
may not show the same level of consistency with respect to relative rankings of the
objects of measurement. This situation (Schoonen, 2005) supports the view that even
trained raters often cannot come to an agreement on rating. In this context, considering
this topic while training experts will be appropriate to reduce variance between the
object of measurement and rater (pxr) and to prevent differences between the ratings
of certain raters. Moreover, with an increase in the experience of trained raters, this
problem will decrease.

Another objective of this study was to establish a reference for providing future
essay ratings by determining the optimal number of raters with respect to manpower,
time and economy without compromising on the psychometric quality. In the analyses
of the K study using the multivariate design p°x i°x r* of the G theory, the G and Phi
coefficients were observed to be .95 and .94, respectively, for compound measurement
among which the original coefficients were obtained using four raters, and these
coefficients were observed to be greater than .90 and high in all the sub-dimensions.
An increase in the number of raters with alternative K studies provided little gain in
the coefficients that were obtained with four trained raters and that were observed to
be already high. At the same time, when the number of trained raters was one, the G
and Phi coefficients of compound measurement were obtained as .84 and .82,
respectively; furthermore, when the number of trained raters was two, the G and Phi
coefficients of the compound measurement were obtained as .91 and .90, respectively.
This result is consistent with the finding of Kim, Schatschneider, Wanzek, Gatlin and
Otaiba (2017), who suggested that one rater and several tasks are required to achieve
a reliability of .80 and that two raters and several tasks are required to achieve a
reliability of .90.

The results of this study suggest that two raters who are trained on the subject of
rating will ensure that the G and Phi coefficients are greater than .90 while rating essay
writing abilities of students. In this study, a crossed design was used. However,
because a significant amount of time is required for all raters to rate all the persons,
particularly in large scale tests, further research should be conducted using different
designs as an alternative to crossed designs, such as nested design, by allowing some
raters to rate some persons.
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Ozet

Problem Durumu: Kompozisyonlarin puanlanmasinda puanlayicilar arasindaki bu
farklilasmalarin 6l¢gme hatalarina neden olmasi puanlarin tutarsizlig1 ve giivenirligin
diismesi ile sonuglanir. Kompozisyon tipi sinavlarla dlciilen becerilerin ne derece
dogrulukla puanlanabildiginin belirlenmesi varyans kaynaklarindan gelen 6lgme
hatalarinin ortaya konulmasina baglidir. Ayn1 zamanda 6l¢gme sonuglarina karisan bu
tur 6lgme hatalarinin azaltilmasi i¢in de bu hata kaynaklarinin dogru sekilde bilinmesi
ve 6lcme durumunun ona gore desenlenmesi gerekir.

Aragtirmamn Amaci: Bu Calismada ¢ok degiskenli G Kuramui kapsaminda bireylerin
Tiirkce anadilde yazma becerilerin olctldtgii kompozisyon puanlarinin
genellenebilirligi ve giivenirligi incelenmistir. Bu baglamda kompozisyon puanlarinin
genellenebilirligi ve giivenirligi tizerine yukarida belirtildigi gibi daha etkili oldugu
bilinen puanlama konusunda egitilmis puanlayicilarin etkisi tizerine odaklanilmistir.
Ortiik 6zellik olan yazma becerisinin tiimii ve alt boyutlar1 olarak baslik bulma,
paragraf olusturma, anlatim-yazma boyutlarinda puanlamada puanlayici sayisina
gore genellenebilirlik ve giivenirlik katsayilarmin nasil degistigi ve optimal bir
gtivenirlik i¢in en uygun puanlayici sayistin ne olabilecegi ortaya konulmaya
calisilmistir. Boylece kompozisyon yazma becerilerinin degerlendirilmesi konusunda
bilgimizi genisletmek ve kompozisyonlarin yeterince giivenilir puanlanmasi icin
referans olusturmak amaclanmustir.

Arastirmamin Yontemi: Calismada kullanilan okul orneklemi; Tiirkiye’'de [zmir il
merkezinden 6nce g ilge, sonra bu ti¢ ilcenin her birinden birer okul yansiz kiime
Srneklem olarak secilmistir. Ornekleme secilen okullarin 8. sinif dgrencilerinin tamami
ogrenci drneklemini olusturmustur. Ogrenci orneklemi 443 6grenciden olusmaktadir.
Puanlayic1 6rneklemi ise konusunda uzman olan Tiirkce dersi 6gretmenleri arasindan
secilen dort ogretmenden olusturulmustur. Ogrencilerin kompozisyonlarini
puanlamak icin Yazma Becerileri Olgegi (YBO) kullanilmistir. Dereceleme &lgegi olan
bu olgekte 20 madde bulunmaktadir. Her bir madde dortlii dereceleme 6lgegi seklinde
puanlanmaktadir. Dért puanlayicinin  kompozisyonlarin tiimiinii birbirlerinden
bagimsiz puanlamalar1 saglanmistir. Arastirmada G Kuramunin ¢ok degiskenli
p'xi°xr® deseni kullamilmistir. G Kuraminin p*xi°xr* ¢ok degiskenli deseniyle
uygulanan G c¢alismasinda varyans bilesenleri alt boyutlar icin kestirilmistir.
Aragtirmada bagil 6lgmeler igin Genellenebilirlik katsayis1 (Ep?), mutlak slgmeler igin
giivenirlik katsayisi (®) alt boyutlar ve birlesik 6l¢gme icin hesaplanmustir. Alternatif D
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calismast ile Ep? and @ katsayilar1 puanlayici sayisinin artirilmasi ve azaltilmasi
senaryolari ile alt boyutlar ve birlesik l¢me icin hesaplanmustir.

Arastirmanin Bulgulari: G Kuraminin p*x i°x r* ¢ok degiskenli deseni Genellenebilirlik
(G) calismast ile her bir alt boyut igin ti¢ ana (p, i, r) ve dort ortak etki varyansi (pxi,
pxr, ixr, pxixr,e) kestirilmistir. Baslik bulma, paragraf olusturma ve anlatim/yazma alt
boyutunda birey (p) sirasiyla %73.90, %75.51 ve %49.88 olarak hesaplanan varyanslar
toplam varyanslar i¢indeki en biiyiik varyansa sahiptir. Bu sonug bireylerin yazdiklar1
kompozisyonlarda “baslik bulma” beceri farkliliklarmin ortaya konulabildigini
gostermektedir. Baslik bulma, paragraf olusturma ve anlatim/yazma alt boyutlarmnin
madde (i) varyans: toplam varyanslar1 sirastyla %5.12, %0.10 ve %4.87 olarak
bulunmustur. Paragraf olusturma alt boyutu disinda nispeten biiyiik olan bu varyans
ylizdesi; baglik bulma ve anlatim/yazma alt boyutunda maddelerin farklilastig
biciminde yorumlanabilir. Bu ¢alismanin odak noktas: olan puanlayici (r) varyansi
baslik bulma, paragraf olusturma ve anlatim/yazma alt boyutunda toplam varyansin
sirastyla %2.75, %2.05 ve %1.59 olarak hesaplanmistir. Toplam varyanslarin nispeten
kiictik bir kismini olusturan puanlayic1 varyanslar;; puanlayicilarin alt boyutunda
puanlamalari arasinda tutarsizliklarinin az oldugunu gostermektedir. Baslik bulma,
paragraf olusturma ve anlatim/yazma alt boyutlari i¢in kestirilen birey ve madde (pxi)
ortak etkisi toplam varyanslarin sirasiyla %4.31, %.08 ve %4.84"tidiir. Baslik bulma,
paragraf olusturma ve anlatim/yazma alt boyutlarinda varyanslarin nispeten biiytik
olusu, bireylerin bu alt boyutunda maddeler arasinda bagill durumlarinin
farklilastigini gostermektedir. Birey ve puanlayici (pxr) arasindaki ortak etkisi
varyansi baslik bulma, paragraf olusturma ve anlatim/yazma alt boyutlarinda toplam
varyansin strasiyla %7.35, %17.36 ve %12.83'tnii olusturmaktadir. Bu sonug alt
boyutlara belli puanlayicilarin belli bireyler icin daha kati ya da daha comert
puanlama yaptiklarimi gostermektedir. Madde ve puanlayici (ixr) arasindaki ortak etki
varyansi baslik bulma, paragraf olusturma ve anlatim/yazma alt boyutlarinda toplam
varyansin %.71, %.14 ve %3.60'1 olarak hesaplanmistir. Bashk bulma ve paragraf
olusturma alt boyutlarinda bu varyanslarin toplam varyanslari icindeki paymin sifira
yakin olmasi, puanlayicilarin 6grencileri bir maddeden digerine kararli puanladiklar:
biciminde yorumlanabilirken, anlatim/yama alt boyutunda ayni kararhigin
olmadigim gostermektedir. Birey, puanlayici, madde arasinda ii¢ yonlii ortak etki ile
hata varyanslar1 (pxrxie) baslik bulma, paragraf olusturma ve anlatim/yazma alt
boyutlarinda toplam varyanslarin %5.86, %4.76 ve %22.39"u olarak kestirilmistir. Alt
boyutlarda, 6zellikle anlatim/yazma alt boyutunda biiyiik olan bu varyanslar
bireylerin bagil konumlarinin; birey, puanlayici, madde ti¢ yonlti ortak etki
varyansinin G ¢alismasinda hesaba katilmayan diger hata kaynaklarinin
byiiklugtnii gostermektedir.

G Kuraminin p*x i°x r* ¢ok degiskenli deseni Karar (D) Calismast ile her bir alt boyut
ve biitiin 6lgek i¢in G ve Phi katsayilar: calismanin orijinalinde puanlama yapan dort
puanlayici icin ve alternatif olarak daha az ve daha cok puanlayici sayilart icin
hesaplanmustir. Bagil slgmeler icin hesaplanan G katsayist (Ep?) calismada puanlama
yapan dort puanlayici i¢in “baslik bulma”, “paragraf olusturma” ve “anlatim/yazma”
alt boyutlari i¢in sirasiyla .95, .94, .93 birlesik 6l¢me igin ise .95 olarak elde edilmistir.
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Mutlak 6lgmeler icin puanlarin giivenirliginin bir 8l¢listi olan Phi (®) katsayisi
calismada puanlama yapan dort puanlayici igin “bashik bulma”, “paragraf olusturma”
ve “anlatim/yazma” alt boyutlar1 i¢in sirastyla .92, .93, .91 ve birlesik 8l¢me icin ise .94
olarak hesaplanmistir. Puanlayici sayisinin bes puanlayiciya ¢ikarilmasi alt boyutlar
ve birlesik 6lcme i¢cin G ve Phi katsayilarinda ¢ok az kazang sagladig: gibi, tic
puanlayiciya indirildiginde ise kay1p cok az olmakta ve tiim katsayilar .89 ve tizerinde
olmaktadir. Puanlayici sayisi ikiye indirildiginden alt boyutlar ve birlesik 6l¢me icin
G ve Phi katsayilarinda kayip biraz daha artmakta ancak baslik bulma, paragraf
olusturma ve anlatim/yazma alt boyutlari i¢in sirasiyla G katsayilar: .92, .89, .87; Phi
katsayilar1 .89, .88, .85 ve birlesik 6l¢me icin G katsayis1 .91, Phi katsayis1 .90 olarak
elde edilmektedir.

Aragtirmanin Sonug ve Onerileri: Yapilan G calismalarinda baghk bulma, paragraf
olusturma anlatim/yazma alt boyutlarinda hesaplanan birey varyansi da en biiyiik
paya sahiptir. Puanlayic1 ana etkisi varyanslar1 alt boyutlarda goreli olarak kiictik
bulunmustur. Bu sonug literatiirde yazma becerilerinin puanlanmasina iliskin pek cok
calismada puanlayici varyansmin kiiciik ve puanlayicilarin birbirleri ile tutarl:
puanlamalar yaptiklar1 bulgulari ile benzerdir. Madde ve puanlayici (ixr) arasindaki
ortak etki varyansi yiizdesinin tiim alt boyutlarda kiictik olmasi puanlayicilarin
maddeleri puanlamada tutali olduklari seklinde yorumlanabilir. Elde edilen bu
sonugclar puanlama yapacak kisilerin puanlama yapacaklar: konunun uzmanlarmdan
sec¢ilmesi, egitilmesi ve bu egitimlerde neyin nasil puanlanmasi gerektigi, puanlama
kriterlerinin verilmesi durumunda puanlarin giivenirliginin yiiksek olacagini
gostermistir. Ancak birey ve puanlayici (pxr) ortak etki varyanst yiizdelerinin tiim alt
boyutlarda yiiksek olusu belli puanlayicilarin belli bireyleri puanlamalarinda daha
kat1 ya da comert olduklarini gostermektedir. Bu baglamda birey ve puanlayict (pxr)
arasindaki ortak etki varyansinin kiiciiltiilebilmesi ve boylece belli puanlayicilarin
belli bireyleri puanlamalarinda katiik ya da comertlik bakimindan farkliliklarin
olmamasi i¢in kompozisyon puanlayacak uzmanlarin egitiminde bu konunun dikkate
alinmast yerinde olacaktir. Ayrica puanlama yapacak uzman ve egitimli
puanlayicilarin puanlama deneyimlerinin artmasi ile bu sorunun da azalacagt
diistiniilebilir.

K calismasi analizlerinde, orijinali dort puanlayiciyla yiirtitiilen calismada birlesik
6lgme icin G katsayisinin .95 ve Phi katsayisinin .94 oldugu, tiim alt dlceklerde bu
katsayilarin .90'mn tizerinde ve oldukca yiiksek oldugu gortilmiistiir. Alternatif K
calismalari ile puanlayict sayisinin artirilmasi uzman ve egitimli dort puanlayici ile
elde edilen katsayilarda ¢ok az kazang saglamistir. Bununla birlikte uzman ve egitimli
puanlayici sayisinin iki olmasi durumunda ise G katsayist .91, Phi katsayisi .90 olarak
elde edilmistir. Bu sonug .90 iizerinde bir giivenirlige ulasmak icin iki puanlayicinin
yeterli oldugunu gostermistir.

Anahtar  Kelimeler:  Genellenebilirlik =~ Kurami, genellenebilirlik, giivenirlik,
kompozisyon puanlama, kompozisyon puanlama giivenirligi, puanlayici giivenirligi,
yazma puanlamasi.
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preservice elementary teachers” CTS and SPS by
using Inquiry-Based Laboratory Instruction (IBLI).
Method: A pretest-posttest control group design was
executed. A total of 43 students who attended
Teaching Science in Elementary School-II Laboratory
Course at the Muhammadiyah University of Ponorogo were divided into two groups using
cluster random sampling. The experimental group (1=21) was taught by using IBLI, while the
control group (1=22) was taught by using traditional laboratory method. The Oliver-Hoyo
Rubric for Critical Thinking (OHRCT) and the Observation Checklist for SPS (OCSPS) were
administered. The data were then analyzed by using normalized gain score and Mann-
Whitney U test at significance level .05.

Findings: There was a significant difference in terms of CTS and SPS between control and
experimental groups in favor of experimental group students. It was found out that gained
CTS score of control and experimental group students was .58 and .80, while gained SPS score
was .60 and .81, respectively. It can be highlighted that IBLI had a significant effect on
preservice elementary teachers’ performance compared to the conventional group.
Implications for Research and Practice: The findings suggest that IBLI is considered as the
effective method to foster CTS and SPS of preservice elementary teachers. According to results,
it is recommended that preservice teachers need to be given opportunities to develop hands-
on and minds-on experiences in the science laboratory activities. The lecturers should utilize
IBLI to develop students’ various lifelong learning skills.

© 2019 Ani Publishing Ltd. All rights reserved

1 Corresponding Author, Department of Educational Sciences, Yogyakarta State University, Yogyakarta,
INDONESIA, e-mail: dr_irwanto@yahoo.com, irwanto.2016@student.uny.ac.id, ORCID:

http:/ / orcid.org/0000-0001-5842-5931

2Muhammadiyah University of Ponorogo, INDONESIA, ORCID: https:/ / orcid.org/0000-0002-4544-2051
3 Yogyakarta State University, Yogyakarta, INDONESIA, ORCID: http:/ / orcid.org/0000-0002-0930-732X
4Yogyakarta State University, Yogyakarta, INDONESIA, ORCID: http://orcid.org/0000-0001-7603-5857



152 IRWANTO - Anip Dwi SAPUTRO - Eli ROHAETI - Anti Kolonial PRODJOSANTOSO
Eurasian Journal of Educational Research 80 (2019) 151-170

Introduction

Laboratory work is related to scientific skills that should be acquired by preservice
teachers in order to improve scientific investigation, laboratory skills, and problem-
solving skills (Arabacioglu & Unver, 2016; Feyzioglu, Demirdag, Akyildiz & Altun,
2012). Laboratory method is considered as one of the most effective teaching methods
in growing lifelong learning skills of the students through various experiments. Wang
(1993) revealed some ways of how students obtain information in laboratory activities,
which are: (1) the manual, (2) oral instruction from the lecturer, (3) the concept that
should be remembered, (4) the technique that should be remembered, (5) the new
technique that should be learned, and (6) direct observation in the experiment. In
laboratory activity, equipment and tools should not be provided directly, but students
should be given the situation of a problem and asked to formulate hypotheses, design
the experiment, verify, record the data, and assess and interpret the findings (Gultepe
& Kilic, 2015). Wang (1993) also recommended that the lecturer needs to understand
how students learn and help them learn more in a student-centered situation through
more effective learning strategies. In this case, it is important for preservice teachers to
learn how to apply knowledge and connect scientific problems into real-life contexts
rather than directly learning concepts, theories, and laws (Konur & Yildirim, 2016).

One of the crucial skills that support the students in understanding the scientific
concept through laboratory work is critical thinking skills (CTS). In the literature, these
skills have wide and various definitions. Critical thinking, as part of high-level
thinking skills, is a reasonable reflective thinking that focuses on deciding what should
be believed or done (Ennis, 2011). Critical thinking is considered as the process of
analyzing, applying, conceptualizing, synthesizing, and evaluating information
produced by observation, reasoning, experience, communication, or reflection, as the
guidelines for belief and action (Allen, 2008; Canziani & Tullar, 2017; National Council
for Excellence in Critical Thinking [NCECT], 2013; Scriven & Paul, 1987). It is based on
universal intellectual values that cover clarity, precision, accuracy, consistency, good
reasons, relevance, breadth, sound evidence, depth, and fairness (Gupta, Burke, Mehta
& Greenbowe, 2015, NCECT, 2013; Oliver-Hoyo, 2003; Scriven & Paul, 1987).
Furthermore, Facione (2011) also confirmed that critical thinking covers self-
regulation, interpretation, analysis, explanation, inference, and ultimate evaluation.
From that definition, critical thinking skills are needed by the graduates to practice
what they had learned, make decision based on right consideration from available
information, apply information in the new situation, and evaluate information that has
been collected.

Critical thinking is one important element of scientific thinking skills that can be
elicited through scientific process skills (Azar, 2010). Scientific process skills (SPS) are
one part of lifelong learning skills that involve critical thinking that is used by students
in solving problems, making them more actively involved, and consciously widen
their abilities (Darus & Saat, 2014; Karsli & Sahin, 2009). In short, these two beneficial
skills have a relationship with one to another. For this reason, we argue that scientific
process skills are one relevant tool to manage information about the world around
them, obtain new information, and process it critically (Zoldogova & Matejovicova,
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2010). These skills can only be achieved if the lecturer considers SPS in each laboratory
activity that they design for the students (Molefe, Stears & Hobden, 2016). Generally,
Padilla (1990) classified SPS into 2 types; basic process skills (i.e., observing, inferring,
predicting, measuring, classifying) and integrated process skills (i.e., formulating
hypotheses, designing investigations, identifying and defining variables,
experimenting, constructing tables and graphs, interpreting data, and drawing
conclusions). Both of them are interrelated and their usage need to be adjusted with
the educational level and the stage of students’ cognitive development.

Nowadays, improving critical thinking and scientific process skills is one of the
most important goals in many higher educational institutions. Nevertheless,
surprisingly previous studies reported that acquisition of students” SPS and their CTS
tend to be less satisfying (Aktas & Unlii, 2013; Aydogdu, 2017; Hardianti & Kuswanto,
2017; Irwanto, Rohaeti & Prodjosantoso, 2018a, in press; Irwanto, Rohaeti, Widjajanti
& Suyanta, 2017a; Ongowo, 2017). Furthermore, in Indonesia, research which focused
on developing both of these skills is also limited (Muhlisin, Susilo, Amin & Rohman,
2016; Osman & Vebrianto, 2013; Pradina & Suyatna, 2018). If these skills are not
properly improved, we predict that students cannot construe knowledge and the
concept that they obtained will not help them in understanding their surrounding
world (Zoldogova & Matejovi¢ova, 2010). It is necessary to consider some factors that
influence students’ performance in understanding science concepts. In their research,
Boa, Wattanatorn and Tagong (2018), Brahler, Quitadamo and Johnson (2002) agreed
that one of the external factors that influence the students” low critical thinking skills
lie on the learning method applied by the lecturer.

According to the results of observation done by the researchers in science
laboratory course at tertiary level, the lecturer tends to use conventional method
(cookbook procedures). That finding is in line with what had been mentioned by
Chairam, Somsook and Coll (2009), Ko¢, Doymus, Kara¢op and Simsek (2010) and Sari,
Jasmidi, Kembaren and Sudrajat (2018). In this context, students only run the
laboratory procedure prepared by the lecturer without instruction to inquire. Whereas
in traditional learning, critical thinking skills are not improved optimally (Mahanal,
Zubaidah, Bahri & Dinnurriya, 2016). Based on that reason, we contend that paradigm
shift from a lecturer-centered to student-oriented is necessary in which the students
investigate and conduct team work actively. Similarly, Brahler et al. (2002) also stated
that student-centered non-traditional teaching method can improve critical thinking
skills and higher learning outcomes. One of the proactive teaching methods that can
facilitate students’” achievement is Inquiry-based Laboratory Instruction (IBLI).

Inquiry-based laboratory is believed as the most relevant teaching method for
promoting scientific concepts and scientific processes and developing research skills,
covering asking research questions, formulating hypotheses, and arranging the test
from the hypotheses (Casem, 2006; Tatar, 2012). In this approach, students investigate
and evaluate critically the things around them and participate in learning to build the
concept and long-term understanding like scientists (Lofgren, Schoultz, Hultman &
Bjorklund, 2013; Lord & Orkwiszewski, 2006; Saglam & Sahin, 2017). Inquiry-based
learning environments emphasize active usage of critical thinking and scientific
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process skills compared to memorizing the concept (Gehring & Eastman, 2008; Ozgiir
& Yilmaz, 2017). In inquiry laboratory, students are not guided to conduct step-by-
step instructions; however, they are provided with opportunities to understand
science concepts, improve scientific process skills, and enhance their problem-solving
skills (Irwanto, Rohaeti, Widjajanti & Suyanta, 2017b; Mutlu & Acar-Sesen, 2018).
Thereby, this method is considered to provide a positive impact on improving high-
level thinking skills.

At tertiary level, inquiry becomes a very important approach in order to prepare
the graduates to face the real world. Lord and Orkwiszewski (2006) reported that
students that are taught by using inquiry teaching have higher achievement, scientific
attitudes, and reasoning skills than control group students. Ozgiir and Yilmaz (2017)
proposed that inquiry-based learning improved students’” motivation and their
conceptual understanding. Artayasa, Susilo, Lestari and Indriwati (2016) claimed the
significance of different scientific process skills compared to conventional group. In
USA, Maxwell, Lambeth and Cox (2015) explored the impact of inquiry learning
towards fifth-grade students and reported that experimental group students showed
improvement in their academic achievement, attitudes, and higher engagement
compared to students who accepted conventional instruction. In Thailand, Chairam,
Klahan and Coll (2015) found an increase in students” understanding of the chemical
concepts between pre- and post-diagnostic tests. At the end of the intervention,
students showed significant progress in phrasing scientific questions, designing
experiments, identifying variables, drawing the concept list, presenting data, and
analyzing results. These beneficial findings are also supported by Baser and Durmus
(2010), Duran and Dokme (2016), Ketpichainarong, Panijpan and Ruenwongsa (2010),
Mutlu and Acar-Sesen (2018), and Yakar and Baykara (2014). Based on various
previous research findings, we conclude that IBLI method can improve students’
cognitive, psychomotor, and affective learning outcomes even though their critical
thinking and scientific process skills are not investigated yet.

As discussed previously, laboratory instruction has a vital role in science education
because, actually, science concept is the investigation of the product in the laboratory
using scientific method. For this reason, the lecturer should facilitate students to obtain
factual information from various sources during the investigation and then encourage
them to find new concepts and construct knowledge (Chiappetta, 1997). This research
aimed to foster critical thinking and scientific process skills among preservice
elementary teachers by using inquiry-based laboratory instruction. The research
question underlying this study were:

1. Is there any significant difference on critical thinking skills score between
control and experimental group students?

2. Is there any significant difference on scientific process skills score between
control and experimental group students?

3. How is the improvement of students’ performance between control and
experimental groups after the laboratory course?
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Method
Research Design

A quasi-experimental, pretest-posttest, non-equivalent control group design was
employed in this research. It was conducted to investigate causal hypotheses about the
causes that can be manipulated by comparing one or more experimental groups which
were given treatment with one comparison group that was not given treatment
(Creswell, 2009; Shadish, Cook & Campbell, 2002). Control group was taught by using
traditional laboratory method, while the experimental group was taught by using
Inquiry-Based Laboratory Instruction (IBLI). It was used to compare the impact of both
teaching methods on critical thinking and scientific process skills. In brief, pretest-
posttest control group design was presented in Table 1.

Table 1

Non-equivalent Pretest and Posttest Control Group Design
Groups Pretest Treatment Posttest
Experimental O1 Inquiry-based laboratory 02
Control O Traditional laboratory O4

Research Sample

The sample consisted of 43 preservice elementary teachers (23 females, 20 males)
who attended Teaching Science in Elementary School-II Laboratory Course in the
Department of Elementary School Education, Muhammadiyah University of
Ponorogo, in the fifth- semester academic year of 2017/2018. All participants were
classified into two groups. A total of 21 students in the experimental group (13 females,
8 males) were randomly selected as the treatment group, and 22 students were in the
control group (10 females, 12 males). They completed 5 experiment topics in one
semester. The pariticipants were approximately aged 20-22 years old, chosen by using
cluster random sampling. Given that this research selects groups rather than
individuals, cluster random sampling is more appropriate (Fraenkel, Wallen & Hyun,
2012). All students in both groups followed the pretest, treatment, and posttest. 53.49%
of the participants were females and the rest were male students.

Data Collection Instruments

The data were collected from students’ practical work activities and their written
reports during the laboratory course. Their performance in both groups was assessed
by using the Oliver-Hoyo Rubric for Critical Thinking (OHRCT) and the Observation
Checklist for Scientific Process Skills (OCSPS) as pretest and posttest. The OHRCT was
developed by Oliver-Hoyo (2003), adapted and translated into Indonesian by Irwanto
Rohaeti and Prodjosantoso (2018a), and obtained the coefficient of Cronbach’s alpha
reliability a=.84. The rubric was used to assess students’ critical thinking skills based
on their written laboratory reports. The instrument consisted of 6 traits; abstract,
organization, the source of information, content, relevance, and presentation. Each
trait targeted certain cognitive skills, including conceptualizing, analyzing, applying,
synthesizing, and evaluating information. It is based on the universal intellectual
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values (i.e. clarity, precision, accuracy, consistency, good reasons, relevance, breadth,
sound evidence, depth, and fairness) that are embedded in the rubric (Oliver-Hoyo,
2003). In addition, each trait had a 5-point Likert scale with a range from 5 (all criteria
fulfilled) to 1 (no criteria fulfilled).

The OCSPS was developed by Irwanto, Rohaeti and Prodjosantoso (2018b) to
assess students’ scientific process skills. The instrument consisted of 18 items, covering
basic process skills (8 items) and integrated process skills (10 items). Basic process
skills were observing, measuring, inferring, and communicating. Integrated process
skills were investigating, identifying and controlling variables, formulating
hypotheses, experimenting, and interpreting data, 2 items for each. All sub-skills were
adapted from Arabacioglu and Unver (2016), Aydogdu (2017), and Padilla (1990). Each
item had a 4-point Likert scale with a range from 4 (highly observed) to 1 (unobserved).
Before conducting the main research, the instrument was tested with 176 students
chosen randomly in Yogyakarta, and obtained the coefficient of Cronbach’s alpha
reliability a=.88. All students who participated in the pilot research were not involved
in the main research.

Procedures

In the present research, research procedure that was implemented covered: (1)
choosing control and experimental groups randomly, (2) giving the pretest, (3)
conducting the course in both groups, (4) giving the posttest, and (5) analyzing and
interpreting the results of the test. Students were instructed to work together in small
groups and write laboratory report individually at the end of the experiment. The
laboratory report was done outside the course as independent assignment. The course
was conducted for 100 minutes per week by the same lecturer to avoid bias of the
instructor. In the control group, students conducted the experiment by using cook-
book procedure that had been provided by the lecturer. In this context, they proposed
the question, and the lecturer explained and summarized the results of the experiment.
While in the experimental group, all students were designed to go through each phase
in guided inquiry which was adapted from Jeskova et al. (2016), as illustrated in Table
2. Both groups completed all experiment topics at the same time.

Table 2

The Syntax of Guided Inquiry-Based Laboratory in Experimental Group
Steps Activities
Presenting a The students observe and discuss a case given in small groups (4-5
contextual problem students).
Planning and The students formulate the question, define the problem, formulate
designing the hypotheses, design the experiment, and predict the results of the

experiment obviously and accurately.

Implementing The students investigate, record the results, and make the decision

about the experimental techniques.
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Table 2 Continue
Steps Activities
Analyzing and The students present the results in the form of pictures, graphics, or
interpreting table, determine the correlation between variables, compare the
experimental data with the hypotheses, and conclude the
experimental results.
Communicating The students, in small groups, present their findings, discuss the

results, and elaborate the written laboratory reports about the
results obtained.

Conducting follow-up

The students predict the opportunity for future experiments,
formulate the hypotheses to be followed-up, and apply the
experimental techniques to new problems.

Experimental group students that were taught by using inquiry-based laboratory
instruction and control group students that were taught by using confirmatory
experiments method finished all experiment topics. The activities provided in this
research were based on the topics illustrated in Table 3.

Table 3

Topics and Purposes of Experiments in Both Groups
Topics Purposes
Units and Conducting measurement by using some measuring instruments
measurement and determining derived units based on the base units.

Static electricity

Dynamic Electricity
Magnets and
Electromagnets

Conductors and
Insulators

Observing the symptoms of static electricity and analyzing the
phenomenon of electron transfer from one material to another
material.

Investigating series, parallel, and mixed circuits; counting the
resistance value in the electrical circuit; and determining the
potential difference at the series, parallel, and mixed resistance by
using a voltmeter.

Analyzing the relation between magnetic fields and electric
currents; and analyzing the factors that influence the strength and
the weakness of an induced magnetic field.

Investigating the materials that can and cannot deliver electricity;
and explaining the characteristics of those things based on their
ability in delivering electricity.

Data Analysis

All data obtained from observation and written laboratory reports were calculated.
Descriptive statistics were administered to count the frequency and the percentage of
the samples in control and experimental groups. In this research, quantitative data
were analyzed by using non-parametric statistics because the sample size was small,
which was less than thirty students (Bernard, 2000; Green & Salkind, 2008). Mann-
Whitney U test was performed to examine the effect of instructional methods on
students’ critical thinking and scientific process skills. N-gain was employed to
determine the increase in achievement scores between the pretest and posttest using
the Hake’s (1999) formula: n-gain = (posttest - pretest scores) / (maximum - pretest
scores), with low (n-gain < .30), medium (.30 < n-gain < .70), and high criteria (n-gain
> .70). This research used SPSS 17.0 at a significance level of .05.
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Results

The findings of the research are explained in this section. The results of U-test,
either pretest or posttest, to show the impact of IBLI on the preservice elementary
teachers’ critical thinking and scientific process skills were presented as follows (see

Tables 4-8).
Table 4

Gap in Pretest Critical Thinking Skills Score between Experimental and Control Groups

Mean

Sum of

Mann-Whitney U

Sub-Dimensions Groups n Rank Ranks - Test ;

Abstract Experimental 21 22.71 477.00 216.000 667
Control 22 21.32 469.00

Sources of Experimental 21 20.38 428.00 197.000 .348

Information Control 22 23.55 518.00

Organization of Experimental 21 21.10 443.00 212.000 576

the Report Control 22 22.86 503.00

Relevance of the Experimental 21 22.33 469.00 224.000 837

Ideas Control 22 21.68 477.00

Content of the Experimental 21 23.50 493.50 199.500 313

Report Control 22 20.57 452.50

The Written Experimental 21 22.60 474.50 218.500 732

Presentation Control 22 21.43 471.50

Overall CTS Experimental 21 21.90 460.00 229.000 .960
Control 22 22.09 486.00

Based on the mean rank shown in Table 4, pretest scores of experimental group
students were slightly higher in terms of abstract, relevance of the ideas, the written
presentation, and content of the report. Control group students were slightly higher in
terms of sources of information and organization of the report. Nevertheless, overall,
we did not find significant difference between both groups (U=229.000; p=.960). It
indicated that prior to treatment, all students had similar prior knowledge in the six

traits.

Table 5

Gap in Pretest Scientific Process Skills Score between Experimental and Control Groups

Mann-Whitney U

. Mean Sum of

Sub-Skills Groups n Rank Ranks - Test ;

Observing Experimental 21 21.86 459.00 228.000 932
Control 22 2214 487.00

Inferring Experimental 21 21.83 458.50 227.500 917
Control 22 22.16 487.50

Measuring Experimental 21 24.02 504.50 188.500 221
Control 22 20.07 441.50

Communicating Experimental 21 23.29 489.00 204.000 468
Control 22 20.77 457.00
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Table 5 Continue
Mann-Whitney U
Sub-Skills Groups n Mean Sum of Test !
Rank Ranks 7 7
Identifying and Experimental 21 22.40 470.50 222.500 770
Controlling Control 22 21.61 475.50
Variables
Investigating Experimental 21 22.86 480.00 213.000 553
Control 22 21.18 466.00
Formulating Experimental 21 22.90 481.00 212.000 532
Hypotheses Control 22 21.14 465.00
Experimenting Experimental 21 23.14 486.00 207.000 467
Control 22 20.91 460.00
Interpreting Experimental 21 21.71 456.00 225.000 .865
Control 22 22.27 490.00
Overall SPS Experimental 21 24.38 512.00 181.000 217
Control 22 19.73 434.00

According to mean rank presented in Table 5, pretest scores of experimental group
students were slightly higher in terms of identifying and controlling variables,
investigating,
experimenting skills. Control group students were slightly higher in terms of
observing, inferring, and interpreting data skills. Similarly, overall, we also did not
find significant difference between the scores of both groups (U=181.000; p=.217). It
reflected that before the instruction, all students had equal prior scientific skills.

measuring, formulating hypotheses,

Table 6

communicating, and

Gap in Posttest Critical Thinking Skills Score between Experimental and Control Groups

Mann-Whitney U

. . Mean Sum of
Sub-Dimensions Groups n Rank Ranks - Test .
Abstract Experimental 21 27.33 574.00 119.000 .003
Control 22 16.91 372.00
Sources of Experimental 21 26.90 565.00 128.000 .003
Information Control 22 17.32 381.00
Organization of Experimental 21 26.14 549.00 144.000 019
the Report Control 22 18.05 397.00
Relevance of the Experimental 21 27.21 571.50 121.500 .002
Ideas Control 22 17.02 374.50
Content of the Experimental 21 26.21 550.50 142.500 .002
Report Control 22 17.98 395.50
The Written Experimental 21 27.00 567.00 126.000 .003
Presentation Control 22 17.23 379.00
Overall CTS Experimental 21 32.43 681.00 12.000 .000
Control 22 12.05 265.00

At the end of the experiment, posttest was implemented. According to mean rank
presented in Table 6, it showed that experimental group students were more superior
in all sub-dimensions compared to control group students. Overall, we found out
significant difference between the scores of both groups after the treatment (L=12.000;
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p=.000). It indicated that implementation of IBLI had a significant effect on students’
CTS. Furthermore, experimental group students obtained the highest mean rank in
Abstract (M=27.33) and the lowest in Organization of the Report (M=26.14). Control
group students obtained the highest mean rank in Organization of the Report
(M=18.05) and the lowest in Abstract (M=16.91).

Table 7

Gap in Posttest Scientific Process Skills Score between Experimental and Control Groups
Mann-Whitney U

. Mean Sum of
Sub-Skills Groups n Rank Ranks - Test .
Observing Experimental 21 26.00 546.00 147.000 .018
Control 22 18.18 400.00
Inferring Experimental 21 27.29 573.00 120.000 .002
Control 22 16.95 373.00
Measuring Experimental 21 26.36 553.50 139.500 .010
Control 22 17.84 392.50
Communicating Experimental 21 26.40 554.50 138.500 .008
Control 22 17.80 391.50
Identifying and Experimental 21 26.12 548.50 144.500 .003
Controlling Variables  Control 22 18.07 397.50
Investigating Experimental 21 27.40 575.50 117.500 .001
Control 22 16.84 370.50
Formulating Experimental 21 27.88 585.50 107.500 .001
Hypotheses Control 22 16.39 360.50
Experimenting Experimental 21 26.33 553.00 140.000 011
Control 22 17.86 393.00
Interpreting Experimental 21 27.10 569.00 124.000 .004
Control 22 17.14 377.00
Overall SPS Experimental 21 32.57 684.00 9.000 .000
Control 22 11.91 262.00

According to mean rank presented in Table 7, it showed that experimental group
students were more dominant in all sub-skills compared to control group students.
Overall, we found out significant difference between the scores of both groups
(U=9.000; p=.000). It confirms that implementation of IBLI had a significant impact on
students’ SPS. Moreover, experimental group students obtained the highest mean rank
in Formulating Hypotheses (M=27.88) and the lowest in Observing (M=26.00).
Meanwhile, control group students obtained the highest mean rank in Observing
(M=18.18) and the lowest in Formulating Hypotheses (M=16.39).

Table 8

The Difference of N-Gain Scores between Experimental and Control Groups
Critical Thinking Skills

Scientific Process Skills

Groups Control Experimental Control Experimental
Pretest 16.32 16.24 1591 16.62
Posttest 24.23 27.29 28.05 32.24
N-gain .58 .80 .60 81
Category Medium High Medium High
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According to n-gain presented in Table 8, it showed that experimental group
students had score improvement in high category, while control group students had
score improvement in medium category. It can be concluded that there was
enhancement of pretest to posttest in both groups, although experimental group
students who were taught by using IBLI showed better performance compared to
control group students that were taught by using traditional laboratory method in
both dependent variables.

Discussion, Conclusion and Recommendations

In the context of 21st century learning, critical thinking and scientific process skills
are considered as two superior skills that become the main purpose of teaching science
at college or university level (Ahrari, Samah, Hassan, Wahat & Zaremohzzabieh, 2016;
Boa et al., 2018; Irwanto, Rohaeti & Prodjosantoso, 2018¢; Karsli & Sahin, 2009; Molefe
et al., 2016). In order to develop both, we claim that science learning need to be
designed to give opportunities to the students through inquiry activities. For this
reason, this research aimed to improve students’ cognitive and psychomotor domains
by using IBLI method. Five practical works were done by control and experimental
group students in one semester. Afterwards, we investigated students” performance
at the beginning and at the end of the experiment by using two valid and reliable
instruments.

According to the results, at the beginning of the instruction, all students showed
less satisfying performance. Based on the analysis, we found out that there was no
significant difference in pretest CTS scores of control and experimental groups. It
indicated that prior to treatment, all students had similar prior knowledge. In addition,
we also did not find out any significant differences among pretest SPS scores of both
groups. It reflected that before the instruction, all students had equal prior scientific
skills. Related to students’ low skills, we found that they encountered difficulty in
designing the experimental procedures, as reported by Yang and Park (2017).
According to results of observation that we did before conducting the research, it was
caused by the lecturer who just utilized traditional method during the laboratory
instruction. Finally, we assumed that students taught by using conventional method
tend to obtain less optimal achievement (Duran & Dokme, 2016; Quitadamo, Faiola,
Johnson & Kurtz, 2008; Wartono, Hudha & Batlolona, 2018). The reason, as mentioned
by Quitadamo et al. (2008), is that traditional method is not built from students’ prior
knowledge, it does not bridge how science was practiced in the real world, and it does
not promote students’” awareness to learn.

In order to compare the effectiveness of teaching methods, students in both groups
were given different treatment. At the end of the instruction, all students showed
better performance improvement compared to the pretest. Based on the findings,
preservice teachers in the experimental group were more superior in all sub-
dimensions of CTS compared to control group students. The fact is that students did
not encounter any trouble in arranging written laboratory reports. It indicates that
each step in inquiry can lead students to conceptualize, analyze, apply, synthesize, and



162 IRWANTO - Anip Dwi SAPUTRO - Eli ROHAETI - Anti Kolonial PRODJOSANTOSO
Eurasian Journal of Educational Research 80 (2019) 151-170

evaluate the information at once to decide what to trust and do. Overall, we concluded
that there was significant difference in posttest scores of both groups. It can be claimed
that IBLI has positive impact on students” CTS. Supportively, Maxwell et al. (2015)
revealed that critical thinking can be developed through inquiry approach. In this
regard, inquiry process is believed to facilitate students in explaining the concept,
sharing the knowledge, explaining the opinion, listening to alternative opinion,
discussing with others, and maintaining their ideas, as revealed by Tatar (2012). By
participating in inquiry-based activities, students can recognize the nature of science,
the phenomenon, and scientific concept; develop their ability in evaluating scientific
data critically and participate in scientific community (Loéfgren et al., 2013). This is the
reason why IBLI can promote students” CTS in the current research.

We also underline that students’ involvement in the inquiry process stimulate
them to be active learners physically and mentally, help them acquire science and
consolidate those processes with scientific knowledge, critical thinking, and scientific
reasoning (Hsiao et al., 2017; Ozdem-Yilmaz & Cavas, 2016). Previous research also
supports current findings. In Slovenia, Avsec and Kocijancic (2014) reported that
inquiry-based learning had a large and positive effect on critical thinking skills. In
Israel, Hugerat and Kortam (2014) investigated 28 undergraduate biology and
chemistry students, and found out that inquiry had a significant effect on improving
critical thinking skills. Furthermore, critical thinking skills of experimental group
students that were taught by using inquiry-based learning were higher in all sub-skills
than control group students who were taught by using traditional method (Duran &
Dokme, 2016; Wartono et al., 2018). It is believed that the most effective way to
promote critical thinking skills is through active participation in the laboratory
experiments (Irwanto, Saputro, Rohaeti & Prodjosantoso, 2018; Lujan & DiCarlo, 2006).
Thereby, we suggest the lecturers apply inquiry approach in laboratory instruction. In
essence, the lecturer is not considered as the mentor but as the facilitator, and the
students are not passive recipients but active learners in the instruction process (Skoda,
Doulik, Bilek & Simonova, 2015).

As another finding, we reported that experimental group students were more
dominant in all sub-skills, either basic or integrated process skills compared to control
group students. Overall, we found out significant difference between the scores of
both groups. It can be claimed that IBLI had positive impact on students” SPS.
Encouragingly, Gehring and Eastman (2008) and Saglam and Sahin (2017) revealed
that scientific process skills can be promoted through inquiry-based learning. For this
reason, we emphasized that in inquiry, students also learn how to propose questions
and find out the answer at once when they are involved in the intellectual activities
covering observing, thinking, generalizing, and creating like a scientist (Hsiao et al.,
2017; Maxwell et al., 2015). In this stage, all students are directed to collect and analyze
the data and report their findings in scientific format, as expressed by Casem (2006).
Various IBLI advantages stimulate the students to actively generate scientific ideas,
conduct scientific investigation, and construct scientific concept. This is another reason
why IBLI can promote students” SPS in the current research. The expected learning
purpose in this research was promoting students’ long-term knowledge.
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As a result, experimental group students had CTS and SPS scores enhancement in
high category, while control group students had score enhancement in medium
category. In this case, the fact is that experimental group students were not focused
only on hands-on experiences but also minds-on activities to improve their way of
thinking, as informed by Zoldogova and Matejovi¢ova (2010). According to that
explanation, we consider IBLI as the most effective method to enhance students’
achievement. In the laboratory, students can plan, design, and implement the
experimental procedure. Furthermore, students analyze, interpret, and communicate
the data much better than control group students. How can this happen? We assert
that through inquiry-based laboratory instruction, all students learn how to optimize
their problem-solving skills, foster their attitudes and skills, and also associate the
knowledge in their daily experiences (Yakar & Baykara, 2014). All these activities
possibly become the reasons why students” scientific skills in experimental group
increased rapidly. Therefore, this is obvious that the students who were taught by
using inquiry method had better performance enhancement. It can be asserted that
there was an improvement in pretest and posttest scores of both groups although
experimental group students showed better performance compared to control group
students in both dependent variables.

Various evidence that support these current findings has been reported. In
Indonesia, Hardianti and Kuswanto (2017) analyzed the achievement of 77 senior high
school students, and reported that their SPS could be promoted by using inquiry-based
learning. In Turkey, Sen and Vekli (2016) investigated activities of 24 preservice science
teachers in biology laboratory and found out that scientific process skills can be
developed through inquiry-based teaching. In another research that involved 30
preservice classroom teachers, Akben (2015) reported similar findings. Furthermore,
students who are exposed to inquiry instruction also show more improvement in their
critical thinking scores compared to conventional group students (Ekahitanond, 2013;
Greenwald & Quitadamo, 2014). Moreover, students in inquiry laboratory group also
showed better achievement and they enjoyed investigation compared to students in
step-by-step directions group (Demircioglu & Ucar, 2015; Lord & Orkwiszewski, 2006;
Rissing & Cogan, 2009). In brief, current research confirms that IBLI is a constructivist
approach that provides a great impact on the development of the cognitive and
psychomotor domains.

In this research, pretest-posttest critical thinking and scientific process skills scores
of preservice elementary teachers were compared. Based on the U-test, there was a
statistically significant difference in terms of CTS and SPS between experimental
group students who were taught by using IBLI and control group students who were
taught by using traditional laboratory instruction. At the end of the instruction,
experimental group students showed domination on posttest scores in all sub-skills of
critical thinking and scientific process skills. Subsequently, it was found out that gain
CTS score of control and experimental group students were obtained .58 and .80
(difference .22), while gain SPS score of the students were obtained .60 and .81
(difference .21), respectively. It can be concluded that IBLI has a positive impact on the
preservice elementary teachers’ achievement compared to conventional group. The
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findings indicated that laboratory activities significantly improve practical and generic
skills. Through laboratory work, students are seen solving problems collaboratively
and participating in the inquiry process actively in order to develop cognitive skills.

According to the findings, it can be further suggested that preservice elementary
teachers need to be given opportunities to develop hands-on and minds-on
experiences in the laboratory activities. The lecturer should lead the usage of various
constructivist teaching methods that can propel the students to enhance various
lifelong learning skills. As we know, teaching methods are one of the factors that
influence students” achievement (Abdullah & Shariff, 2008; Akmoglu & Tandogan,
2007; Budsankom, Sawangboon, Damrongpanit & Chuensirimongkol, 2015).
Furthermore, impact of IBLI on students’ critical thinking and scientific process skills
need to be investigated in other laboratory courses related to science learning at
tertiary level.

This research has several limitations; First, we only involved preservice elementary
teachers in the fifth semester as participants, thereby the findings could not be
generalized. As such, we recommend further research to investigate the effectiveness
of this method in branches, laboratory courses, gender, and other grade levels in order
to strengthen claims. Second, current research involved limited samples, thereby that
it can be improved by involving a wider sample in order to obtain detailed and
comprehensive information. Moreover, we recommend that future researchers need
to compare impact of different levels of inquiry (i.e., confirmation, structured, guided,
and open) on preservice elementary teachers” performance. Equally important, it is
also necessary to explore the effect of IBLI on other dependent variables.
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Introduction

Assessments, when purposefully designed, can provide opportunities for
collecting relevant diagnostic information. Interpretations based on such information
then enable educational specialists to take precise remedial actions. Recently
developed formative assessments are expected to provide students and teachers with
detailed feedback on what students are able to do yielding information that can
optimize instruction and learning. In other words, a formative assessment should
identify individual strengths and weaknesses in a particular content, which results in
enhanced teaching and learning environment (DiBello & Stout, 2007). For formative
assessment to fulfil this task, in addition to well-designed assessment methodologies,
various cognitive diagnosis models (CDMs) to extract diagnostic information from
diagnostic assessments are needed. These models are regarded as latent class models,
which can be used to detect mastery and nonmastery of multiple fine-grained skills or
attributes in a particular content domain (de la Torre, 2009).

Although there are several software programs available to estimate CDMs, there
are considerable amounts of benefits of using R for estimation purposes: (1)
Conducting estimation of various CDMs are available in R; (2) Unlike the R packages,
many software programs handle only one type of CDM (e.g.,, MDLTM for general
diagnostic model [GDM; von Davier, 2006], Arpeggio Suite for noncompensatory-
RUM [NC-RUM,; Hartz, 2002], Mplus for log-linear CDM [LCDM; Henson, Templin &
Willse, 2009]); (3) Many software programs are either commercial or only obtained by
contacting to authors; and (4) Syntax preparation for some of these programs may
require substantial effort. Although several R packages available for the CDM
analyses; one of the most comprehensive packages is the GDINA package.

This article aims at explaining the fundamentals of CDMs as well as demonstrating
the various implementations using GDINA package (Ma & de la Torre, 2018). The
current article explains the basics of CDM and provides sufficient details on the
implementations and may be used to guide novice researchers in CDMs related
studies. We start by introducing CDM terminologies, and input and output of a CDM
analysis. This will be followed by presentation of the G-DINA model framework
including several specific CDMs, which can be derived from the G-DINA. A brief
description of the package GDINA will then be provided. The fourth section will
demonstrate how various analyses are conducted using the R package with a graphical
user interface. In the fifth section, the paper summarizes additional features of the
GDINA R package. The final section will provide some concluding remarks.

Input and Output in a CDM Analysis

Two input matrices are needed for a basic specification of a CDM. The first matrix
consists of examinees’ item responses, and may be called response matrix. This matrix
is composed of examinees’ binary (in the simplest form) responses to items on a test.
This is typically an Ix] matrix X, where the element x;; indicates whether examinee i
correctly responded item j (x;; = 1) or not (x;; = 0). The second matrix, which specifies
relationship between each item on a test and content related attributes, is called Q-
matrix (Tatsuoka, 1983). For instance, for a test consisting of j = 1,2, ...,J items and
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measuring k = 1,2, ..., K attributes, the elements of a Ix] Q-matrix are composed of
binary variables, where q; = 1 indicates that examinees must have the kth attribute
to be able to achieve a correct response to jth item. Similarly, element of g =0
indicates that the kth attribute is not required for a successful response to jth item.

The aim of conducting a CDM analysis is to be able to make inferences about
examinees’ mastery status of each of the K attributes. Typically, but not always,
attributes are dichotomous, and the K attributes form 2 attribute patterns, which are

called latent classes and denoted as a, = [ay, ..., a], where [ = 1,...,2%. Each
element a;;, indicates whether members of latent class a; possess kth attribute. At the
end of the analysis, each examinee is assigned with an attribute profile indicating
which specific attributes the examinee has and has not mastered. In addition, the
analysis provides information on (1) proportion of examinees mastered a specific
attribute, and (2) proportion of examinees within each latent class.

Generalized DINA Model Framework

A wide range of saturated and reduced CDMs have been introduced in the
literature. One way of distinguishing these various models pertains to attribute-effects
considered in the response process. In a general (i.e., saturated) model, all main and
interaction effects of measured attributes contribute to the item response function. The
generalized deterministic, noisy and gate model (G-DINA: de la Torre, 2011) is a general
CDM from which, more specific models can be derived. For example, deterministic
input, noisy “and” gate model (DINA: Junker & Sijtsma, 2001), deterministic input, noisy
“or” gate model (DINO: Templin & Henson, 2006), and Additive-CDM (ACDM: de la
Torre, 2011) are derived from the G-DINA model.

Within the G-DINA model framework, a baseline probability (the probability of
success when an examinee has not mastered any required attributes for item j), main
effect terms (change in the success probability when a required attribute is mastered)
and possible interaction terms (change in the success probability when more than one
attribute is mastered) are specified. To derive the A-CDM, DINA model and DINO
model from the G-DINA model, one needs to place specific constraints on the G-DINA
item response function. Specifically, to obtain the A-CDM, all interaction terms in the
G-DINA model item response function are set to zero. Likewise, to derive the DINA
model, all item parameters but the baseline and highest order interaction are set to
zero. Finally, to obtain the DINO model, the main and interaction effects are
constrained to be equal with alternating signs. Above constraints result in ;" + 1 item
parameters for the A-CDM and just two item parameters for the DINA and DINO
models.

As explained in de la Torre (2011), in the specification of general CDMs, several
link functions may be used. In saturated forms, the G-DINA model can be expressed
using the identity link, logit link, and log link, all of which provide identical model-data
fit. Additive models of log-linear CDM and log CDM models are the linear logistic model
(LLM; Maris, 1999) and the reduced reparametrized unified model (R-RUM; Hartz, 2002),
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respectively. Although ACDM, LLM, and R-RUM have the same number of item
parameters, unlike their general models, they do not provide identical model-data fit
as they assume different underlying processes. For details on saturated and reduced
models and their parameter estimations, readers may refer to de la Torre (2011).

GDINA Package

The package ‘GDINA’ composed of a set of psychometric tools for cognitive
diagnosis modeling. It has the capability of handling both dichotomous and
polytomous response data. The G-DINA model, the sequential G-DINA (Ma & de la
Torre, 2016) and many CDMs subsumed by these two can be estimated using this
package. More specifically, in addition to the models subsumed by the G-DINA model,
(i.e., the DINA, DINO, A-CDM, LLM, R-RUM), multiple-strategy DINA model [de la
Torre & Douglas, 2008], many extensions of the G-DINA model such as the sequential
G-DINA model for ordinal and nominal data [Ma & de la Torre, 2016], polytomous G-
DINA model for polytomous attributes [Chen & de la Torre, 2013], multiple group G-
DINA model for individuals from multiple groups [Ma, Terzi, Lee & de la Torre, 2017],
and diagnostic tree model for polytomous response data with multiple strategies [Ma,
2018] can also be handled by the GDINA package. Marginal maximum likelihood
estimation with expectation-maximization algorithm (MMLE/EM) is used for item
parameter estimation. This package allows user to assign different CDMs to different
items in a single test. It is also flexible in terms of handling independent, saturated,
higher-order, and structured joint attribute distributions. Offering a graphical user
interface is a notable feature of the package. Along with providing person and item
parameter estimates and model-fit statistics, this package allows users to conduct
various analyses including Q-matrix validation, item-fit evaluation, item and test-level
model comparisons, and differential item functioning.

Demonstrations

To be able to follow the demonstrations below, R software (R 3.5.0 or higher
version) along with R studio (a graphic user interface for R) need to be downloaded
from https://cran.r-project.org/ and https://rstudio/com, respectively. After
installing R and Rstudio, the GDINA package (version 2.2.0) with its all dependencies
must be installed. Then, command > library(GDINA) is run to start working with the
GDINA package. To help nonprogrammer users, we intend to apply the main
functions of the package using Shiny, which is a web application framework that is
used to build interactive web applications directly from R. To use Shiny with the
GDINA function, one need to run the command > startGDINA(). Then the GDINA
graphical user interface (GUI) opens in a new window.
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Reading Input Data

Table 1
Generating Q-matrix

Item A1 A2 A3 A4 A5 A6 Item A1 A2 A3 A4 A5 A6
1 1 0 0 0 0 0 10 0 0 0 1 1 0
2 0 1 0 0 0 0 11 0 0 0 0 1 1
3 0 0 1 0 0 0 12 1 0 0 0 0 1
4 0 0 0 1 0 0 13 1 1 1 0 0 0
5 0 0 0 0 1 0 14 0 1 1 1 0 0
6 0 0 0 0 0 1 15 0 0 1 1 1 0
7 1 1 0 0 0 0 16 0 0 0 1 1 1
8 0 1 1 0 0 0 17 1 0 0 0 1 1
9 0 0 1 1 0 0 18 1 1 0 0 0 1

For simulation purposes, given a uniformly distributed attribute patterns, we
generated a response data set based on the GDINA, ACDM, and DINA models. To
generate the data, we used a hypothetical Q-matrix given in Table 1. Eighteen items
requiring one, two, or three attributes constitute the Q-matrix measuring a total of six
attributes. Thus, in the data generation, 1000 attribute patterns from 26 possible
attribute patterns were drawn from a uniform distribution. Then, based on this
sample, response data were generated following the DINA model, additive model,
and G-DINA model. Responses for items with multiple attributes distributed among
the three generating models. More specifically, items seven to 14 followed the DINA
model, items 15 and 16 followed the ACDM, and last two items followed the G-DINA
model. For the data generation purposes, lower and upper bound of probability
corrects were drawn from a random uniform distribution of U(.05, .20). Then, final
response data involved 1000 examinees” binary responses to 18 items. The R code used
for data generation is given in Figure 1.

1| @ [Jsourceonsave | Q A+ £~ SHRun | B | (#Souree +| =
1 Tibrary(GDINA) A
2 setwd('C:/users/akbay/Desktop/GDINA_R") # location of the saved files
3 Q<-read.table("g_matrix.txt", header = FALSE, sep = "")
4 #0 is the generating Q-matrix
5 N<-1000 # N is the number of examinees
6 K<-ncol(Q) # K is the number of attributes
7 sg.parm<-round(runif(2*nrow(qQ) ,min = .03, max = .15), digits = 3)
8 sg<-matrix(sg.parm, nrow = nrow(qQ))
9 # sg is the generating guessing and s1ip parameters
10 models<-c("DINA","DINA","DINA","DINA","DINA","DINA", "DINA","DINA",
11 "DINA","DINA","DINA","DINA", "DINA","DINA","ACDM","ACDM", "GDINA","GDINA")
12 #models is the generating CoM for each item
a3}

14 set.seed(12345)
15 a<-simGDINA(N, Q, gs.parm = sg, delta.parm = NULL, catprob.parm = NULL,

16 model = models,sequential = FALSE, gs.args = 1ist(type = "equal”,
7 mono. constraint = TRUE), delta.args = list(design.matrix = NULL,
18 Tinkfunc = NULL), att.dist = "uniform”, tem.names = NULL, digits = 2)
19
20 data<-extract(a, what = "dat") # extracting the generated data
21 Att_true<-extract(a, what = "attribute”) # extracting the generaed attribute profiles v
27
1612 (Top Level) ~ R Script

Figure 1. R Code for Data Generation
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To read the input data (i.e., response data and Q-matrix) by the GUI, we need to
go to the input tab and select our files from the folder where they are kept. There are
three panels in this window. In the upper panel, shown in Figure 2, input files are read.
Data in the input files need to be separated with one of the following: Tab, comma,
semicolon, or space. If our input file has header, Header box must be checked. The
remaining two panels (not given in the figure) are used to check whether the data are
read properly. Specifically, middle and lower panels show the first six rows of the
response data and the Q-matrix, respectively.

Upload response matrix Upload Q-matrix

e < T )

Upload complete Upload complete.
[ Header [ Header
Separator Separator

Tab O Comma () Semicolon @ Space Tab () Comma () Semicolon @ Space

Figure 2. Upper Panel of the Input Tab.
Model Estimation

In many cases, item parameters along with examinees’ attribute patterns are not
known. In this situation, item parameters and examinee attribute profiles are
estimated together. To fulfill this, GDINA package employs marginal maximum
likelihood estimation (MMLE) through expectation-maximization (EM) algorithm.
The Estimation Settings tab of the GUI provide us with several lists and options to select
from. This tab is given in Figure 3. First, we need to select a CDM to fit among the eight
available models: GDINA, logit GDINA, log GDINA, DINA, DINO, ACDM, LLM, and
RRUM. There is a ninth option here, which allows user to specify a vector of models
(comma delimited without quotation mark).

GDINA GUI =

Select a single COM for all items Joint attribute distribution: <=
del

GDINA ® sa 0

neralized determi

Or choose "To be specified...” above and
quotation marks) o GDINA molel
'DINA [Determiisic npus,aiy and gae] model

 [Determinisic mgues, iy o gate] model

GDINADINALLM,

7 temvlevel model selection (only applicable for G-DINA model]?

CLICKTO ESTIMATE: <:

Figure 3. Estimation Specifications

Then, we need to make a decision on the attribute distribution. There are five
options available in the GUI: Saturated, higher-order Rasch, higher-order 1PL, higher-
order 2PL, and uniform distribution. The three higher-order attribute distribution
types are defined based on the item response models for continuous ability. One- and
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two-parameter logistic models, as well as the Rasch model are available options here.
In addition, there are four more optional settings. We need to check the boxes
corresponding to options such as applying monotonic constraints (i.e., mastering an
additional attribute does not lead to a lower success probability) to the fitted model,
Q-matrix validation, and item-level model selection. We then run model estimation by
clicking the Click to Estimate! button.

i Estimation Su
Classification summary

Classification Accuracy

& Model Fi

[Attribute level = Dichotomous 000000 100000 010000 001000 00O100 DBOE1Q
Response level = Dichotomous 01
8.4508 B.5396 0.6285 B.7181 8.7896 0.5782
Homber of parameters = 147 044
Mo. of item parameters B4 011000 019100 910810 010001 901160 001010

Mo. of population parameters = 63 160

9.7217 8.7458 8.6514 8.7377 0.7023 0.4547
For the last iterstion: 128
Max abs change in success prob. = 8.8081 118018 118801 101189 181018 181861 180110
Abs change in deviance -a 110
0.7716 ©.7762 0.5812 0.7143 0.0000 0.7146
Time used = 18.4175 secs 186
010101 910011 001110 PO1101 001911 080111
o11
0.7812 8.3252 8.7284 B.8278 0.7392 0.6166
7
101110 101101 101011 160111 011110 911101
a11
0.5666 ©.8534 0.8234 0.7511 0.8629 0.8415
544
118111 181111 811211 111111
9.7735 ©.9220 .9038 0.9125

attribute level accuracy:

a1 a2 a3 aa a5 I3
0.9438 ©.9475 0.9294 £.9381 0.9451 9.9412

Figure 4. Estimation Summary

In this specific example, we fitted the GDINA model with saturated attribute
distribution and applied monotonic constraints. We further requested Q-matrix
validation and item-level model selection. Estimation results are found in the
Estimation Summary tab when the estimation is completed. As shown in Figure 4, there
are two panels on this tab. The left panel shows the estimation summary and right
reports the classification summary. Estimation summary starts with some descriptive
statistics such as the number of items, number of examinees, number of attributes, and
number of iterations needed for the model to converge. For this specific example, 18
items, 1000 examinees, six measured attributes, and 138 iterations are reported. Then,
information on the fitted model by item, attribute type, and response type are
reported. For our example, we see that G-DINA model fitted to all items, and both
attribute and response data are dichotomous.

In the estimation summary further information about the number of total, item,
and person parameters are also displayed. Sixty-three person parameters and 84 item
parameters were estimated. Notice that because we have a total number of six
attributes to measure, in saturated attribute distribution, we must estimate 63 (26-1)
latent classes, as well as all item parameters defined by the fitted model (84 delta
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parameters defined by the GDINA model). Test and pattern level classification
accuracy rates are reported on the right side under the classification summary panel.

Model-fit evaluation

Estimated CDM parameters are interpretable to the extent that model explains the
data (Chen, de la Torre & Zhang, 2013). Thus, inferences based on any CDM are valid
as long as the model fits to data. Data-model fit can be checked by examining relative-
and absolute- fit statistics. The former statistics indicate the most appropriate model
when competing models are available, whereas the latter shows whether model itself
fits the data. Relative and absolute fit statistics are found under the Model Fit tab of the
GUI. As shown in Figure 5, the relative test fit statistics, log-likelihood, Akaike
information criterion (AIC; Akaike, 1974) and Bayesian information criterion (BIC;
Schwarz, 1976) with the corresponding penalties are given on the relative test fit
window.

GDINA GUI

B Input ]
Relative test fit =

«f Estimation Settings

i Estimation Summary Lozl = “CEriloaHk!
Deviance = 18742.55
. AIC = 19836.55
& Model Fit ATC Penalty = 294
BIC = 19757.99
? Parameter Estimates BIC penalty = 10815.44

£ Q-matrix Validation Outputs

Figure 5. Relative Fit Statistics

When we have rival models that may fit the data, we need to check relative fit
statistics to compare these models. To do so, we can look at the AIC and BIC values of
nonnested models in which, the model with the least information criteria is preferred.
When rival models are nested (e.g., GDINA vs. DINA), one can make a decision based
on a likelihood ratio test: LR = —2[LLyeqycea — LLsaturatea), Where LR is the likelihood
ratio of saturated and reduced models, which is compared against x? distribution with
a given significance level (e.g., .05) and degrees of freedom determined by the
parameters difference in the compared models. Our null hypothesis for this test is the
reduced model fits the data as good as the full model, and we reject the null when LR
is larger than the critical y? value.

Relative fit statistics of our simulation is given in Figure 5. For demonstration
purposes, we also fitted the DINA model to the data that we have been analyzing. The
log-likelihood, AIC, and BIC results when the DINA is fitted are: -9674.58, 19547.15,
and 20033.02, respectively. AIC and BIC reported in Figure 5 are lower than these
values obtained from the DINA model fit. Furthermore, computed LR =
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—2[-9674.58 + 9371.27] = 606.62, given the model parameters 99 and 147 for the
DINA and GDINA models, need to be compared against Xéos;w) = 65.17. Because the

computed LR is larger than the critical value, we reject the null hypothesis and
conclude that the GDINA model fits the data better than the DINA model.

For absolute fit evaluation, GDINA package offers three statistics: proportion
correct (p), log-odds ratio (I), and transformed correlation (7). Specifically, p stands for
residuals between the observed and predicted proportion correct of individual items;
I is computed based on log-odds ratio of item pairs; and r is computed based on the
residuals between the observed and predicted correlations of item pairs (Chen, de la
Torre & Zhang, 2013; de la Torre & Douglas, 2008; Sinharay & Almond, 2007). When
these statistics are close to zero, it indicates that the model fits the data.

Absolute test fit =

M2= 32.33173 ( df= 24 ) p-value= 0.119
RMSEA = ©.0186 with 90 % CI: [ @ , ©.9337
SRMSR = ©.0265

mean[stats] |max[stats] max[z.stats] p-value adj.p-value
Proportion correct 0.0009 0.0033 0.2077 ©0.8355 1
Transformed correlation 0.0191 8.2090 6.5982 0.0000 [:]
Log odds ratio 0.0972 1.6860 9.3555 ©.e000 2]

Note: p-value and adj.p-value are associated with max[z.stats].

adj.p-values are based on the bonferroni method.

Figure 6. Absolute Fit Statistics

To use p, [, and r, their standard errors are also needed. Please refer to Chen, de la
Torre and Zhang (2013) for derivation of the statistics and their respective standard
errors. The z-scores of the statistics are used to test whether the residuals are
significantly different from zero. Because J-1 proportion correct and J(J-1)/2 pairwise
log-odds ratio and transformed correlations are available for a test with | items, only
the maximum z-scores of each statistics are tested and the test results are provided by
the GUI under the model fit tab. Here in our example, summary of absolute fit analysis
is provided in Figure 6.

Means, maximums, maximum of z-scores, and corresponding p-values and
adjusted p-values are reported in the figure. When we check maximum z-statistics for
all three absolute fit statistics and corresponding p- and adj.p-values, we reject the null
hypotheses that the model fit the data based on ! and r. Only, p statistic retains the null
hypothesis, which is claimed to be either unreliable or results in low rejection rates
(Chen, de la Torre & Zhang, 2013). We should note there that adj.p-value is the
bonferroni adjusted p-value as we implicitly test J-1 proportion correct and J(J-1)/2
pairwise log-odds ratio and transformed correlations by testing the maximum of the
Z-Scores.

The above results indicate that there is at least one item that cannot be fitted to the
model, which is expected because our data were generated based on the items
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following the DINA, ACDM, and G-DINA models. However, if we fit DINA model to
the data corresponding to the first 14 items using the first 14 rows of the Q-matrix, all
three absolute fit statistics indicate that the model fit the data (p-values for the
maximum z-statistics are .878, .133, and .124 for proportion correct, log-odds and
transformed correlations, respectively. These results, therefore, indicate that if only the
first 14 items confirming the DINA model constituted the test, all aforementioned
absolute fit indices would yield model-data fit for all items. We should note that the
GUI also provides a heatmap plot depicting the p-values log-odds and transformed
correlation obtained from item pairs.

Parameter Estimation

Both the item and person parameters estimates are readily available under the
Parameter Estimates tab of the GUL This tab, given in Figure 7, offers a list of item
parameter estimates with or without standard errors: success probabilities of reduced
latent classes; guessing and slip parameters; delta parameters; and success probabilities of all
latent classes. To obtain the standard errors along with the estimates, Estimate S.E? box
must be checked. Figure 7 demonstrates that we requested guessing (g) and slip (s)
parameters with corresponding standard errors. Under G-DINA model, g and 1-s
parameters stand for lower and upper bound of success probabilities.

GDINA GUI

Parameter estimation

3 Input

Estim

Item parameter estimates

. Item parameter estimation specifications
Estimation Summary

Item parameters : : 5 q
& Model Fit guessing  slip SE[guessing] SE[slip]
Guessing and slip parameters Ttem 1  0.8651 0.1680 0.0161  0.0217
I o T T Ttem 2 0.8678 0.0799 0.0176  0.0190
- Gressing and slip parameters Ttem 3 0.1167 0.1162 0.0201  0.0203
I Estimate S.E.2 I Delta parameters Ttem 4 0.0842 0.1327 0.0191  0.6213
idation Outputs S L G A SR Ttem 5  0.1080 0.0746 0.0209  0.0170
Ttem 6 0.1151 0.0431 0.0217  0.0167
odel s Ttem 7  0.0848 0.0811 0.0209 0.0224
Ttem 8 0.0946 0.0425 0.0209 0.0174
Ttem 9 0.1050 0.1485 0.0232  0.0297
Plots Ttem 16 0.0457 ©.0670 0.0169  0.0245
Ttem 11  0.6743 0.0642 0.0165  0.0261
Ttem 12 0.6439 0.1439 0.0132  0.0304
Ttem 13  0.0480 0.0297 0.0211  0.0248
Ttem 14  0.6256 0.0860 0.0241  0.0393
Item 15 ©.8121 @.0534 0.9473 0.08290
Item 16 ©0.2489 0.0532 0.8511 0.8234
Ttem 17  0.0656 0.1084 0.0330  0.0296
Ttem 18  0.1785 0.1140 0.0452  6.0297

Figure 7. [tem Parameter Estimation Specifications
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Person parameter estimation specifications = Person parameter estimates of first 10 observations

Person parameter estimation method:
Al A2 A3 A4 AS A6
EAP [1,] 1 @ 8 1 8 1
[2,] e @8 1 1 1 1
[3,] 1@ 111 8
| & Download | [4,] ¢ @ 1 1 11
- babilities of mastering each attribute [5] 1 e @ 11 e
File type: [6,] 1 @ @ @ 1 @
® csv<:: [7,] e @ @ 1 08 1
O tsv [8,] @ 1 1 1 @ @
[9.] 1 1 @ 1 @ 1
[te,] 1 1 1 1 1 1

Estimated proportions of latent classes = Estimated proportions of first 10 latent classes
specifications

latentclass proportion
000000 ©.004149292
1000006 0.023183470
010000 ©.012463984
001000 ©.025669691
000106 0.023114808
000010 0.013325367
000001 ©.018319702
110000 ©.016806536
101000 ©.017095203
10 100100 ©.011897999

Sorted by:

default )4

[r—
. Download ——

File type:

® v =< —1

O tsv

W NN B W R

Figure 8. Person Parameter Estimation Specifications

In addition to item parameters, the Parameter Estimates tab of the GUI provides us
with person parameters as well. Examinees” estimated attribute profiles for the first 10
examinees are shown in the middle panel of this tab. Attribute profile estimates based
on maximum likelihood estimation (MLE), expected a priori (EAP), and maximum a
priori (MAP) are computed and may be selected from the list given in the Person
parameter estimation method. This list also includes the Probabilities of mastering each
attribute option. In our example given in Figure 8, we see the first ten examinees’
estimated attribute vectors. The GUI allows for all these types of person parameters to
be downloaded as a .csv or .tsv file. To do so, we need to select one of the two file
types, and hit the Download button.

Q-matrix Validation

In general, implementation of the CDMs requires a Q-matrix mapping attributes
to items. This matrix embodies the cognitive specifications in test construction
(Leighton, Gierl & Hunka, 2004). Because this input plays a crucial role in
incorporating cognitive theories into psychometric practice, it needs to be correctly
specified. Only then, CDMs can provide maximum diagnostic information (de la
Torre, 2008). However, due to subjective judgments of content experts, Q-matrix
construction process might not be fulfilled easily and successfully. This process may
result in some misspecifications in the Q-matrix such that a required attribute may be
missed, or an unnecessary attribute may be added in the matrix. These two types of
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misspecifications are known as under- and over-specifications, respectively (de la
Torre & Chiu, 2016).

Another possible error may emerge when both under- and over-specifications
coexist for an item, which is referred to as over-and-under-specification (de la Torre &
Chiu, 2016). Negative effects of misspecified Q-matrices in item calibration, examinee
classification, and model misfit have been shown in the literature (e.g., Chiu, 2013; de
la Torre, 2008; de la Torre & Chiu, 2016). To address misspecifications due to
subjectivity in the process, a general Q-matrix validation procedure (i.e., de la Torre &
Chiu, 2016) along with several others specifically developed for reduced models (e.g.,
Chiu, 2013; de la Torre, 2008) have been proposed.

An item specific discrimination index, q}, is proposed and used in the general Q-
matrix validation method. G is a measure of weighted variance of success probability
for a particular attribute distribution. De la Torre and Chiu (2016) showed that a correct
g-vector yields homogenous latent groups in terms of probability of success. The idea
behind use of this index for Q-matrix validation lies in the fact that correct q-vector
should produce the highest variability in success probability. Their method suggests
selecting a g-vector that approximates the maximum G# with the fewest attribute
specifications.

Q-matrix validation

GDINA GUI

3 Input

Estima gs

Q-matrix validation specifications Suggested Q-matrix o

Q-validation method:

i Est n Summary

& Model Fit
@® PVAF Q-matrix validation based on PVAF method

O Stepwise Wald test

2 Parameter Estimates

Suggested Q-matrix:
£ Q-matrix Validation Outputs PVAF cutoff AL A2 A3 A4 RS AS

[

Note: * denotes a modified element.

Figure 9. Setting PVAF Cutoff and Suggested Q-matrix

For the search algorithm to select a parsimonious gq-vector producing
approximately the highest G% rather than the g-vector yielding the highest G, a



Jimmy de la TORRE — Lokman AKBAY 183
Eurasian Journal of Educational Research 80 (2019) 171-192

stopping rule is implemented as a part of the algorithm. This stopping rule is defined
by the proportion of variance accounted for (PVAF) by a particular g-vector relative to
the highest G7. Because maximum G? is produced by the g-vector requiring all
measured attributes, a g-vector is selected by this method when PVAF is higher than
a predetermined cutoff (i.e., €).

Item #

]

Plot type:
® best <) ® eps =038 A
0l '”‘

[] Data labels? B

& Download Plot as PDF file

Mesa Plot for Item 18

1.0

PVAF

04
I

0o

T T T T T T T
000000 100000 110000 110001 111001 110111 111111

g-vectors

Figure 10. Mesa Plot with Specifications

The GDINA package implements the general Q-matrix validation method.
Validation results (when requested in the estimation specifications tab) are found in
the Q-matrix Validation Outputs tab in the GUI. On this output page, first PVAF cutoff
needs to be specified so that suggested Q-matrix will be produced based on this cutoff.
Here in our example given in Figure 9, we set the PVAF to .80 and the corresponding
suggested Q-matrix yielded correction in one item (ie., item 18). Stepwise
implementation of the test is also available through the option Stepwise Wald test.
Remember that although the validation method has suggested this g-vector, the final
decision on correcting the Q-matrix should be based on the expert decision after
careful consideration of related item, g-vector, and the attributes measured by the test.

Down on the same page, we are able to see Mesa Plot (de la Torre & Ma, 2018) for
each item. Item 18 is shown in Figure 10 as an example, for which we plotted the best
g-vectors option. We could also see all g-vectors option by selecting the plot type from
Mesa Plot Specifications. PV AF values for this item indicates that a q-vector of 110000 is
as good as the specified q-vector (110001). Notice that the original q-vector is marked
with filled circle. Here we also have an option to print data Iabels by clicking the
corresponding box in the specifications window. Furthermore, the GUI allows us to
download Mesa plots as PDF file.

Item-level Model Comparison

GDINA package allows item-level model selection so that CDMs need not be
specified a priori. To perform model selection between saturated and reduced models
at the item-level, Wald test is used to compare G-DINA model against the fits of the
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specific CDMs (i.e., DINA, DINO, ACDM, LLM, and RRUM). The Wald test proposed
by de la Torre (2011) is an item level procedure, which can be performed for items
requiring at least two attributes. Wald test requires a restriction matrix of R
constraining the GDINA parameterization to derive the reduced models. This
restriction matrix is used in computation of Wald statistic. For further information on
the Wald statistics, readers may refer to de la Torre and Lee (2013) and Ma,
Iaconangelo and de la Torre (2016).

Wald statistics and p-values =

Wald statistics

DINA DINO ACDM LLM RRUM
Item 7 3.2455 607.1375 162.6467 40.1298 18.6776
Item 8 B.6860 1143_4767 303.0966 61.0608 22.9455
Item 9 8.8234 416.0701 161.6568 45.3366 20.1859
Item 1@ 3.8829 742.4009 269.7410 32.2446 8.5974
Item 11 B8.0000 606.3199 226.4049 36.3413 14.8095
Item 12 5.2497 469.9715 219.2797 25.2301 9.2206
Item 13 1.7392 11908.1993 653.8814 36.4754 31.6960

Item 14 1©.2957 421.2165 243.6981 35.3682 17.4988
Item 15 166.8551 151.6201 5.9892 6.0009 4.4904
Item 16 76.2306 248.8655 9.1693 11.8718 4.089%90
Item 17 452.79808 12.6917 138.4325 31.2514 27.7197
Item 18 243.5619 118.1075 56.5202 21.5705 46.5845

P-values

DINA DINO ACDM LLM RRUM
Item 7 |©.1974|0.0000 ©.000 0.0000 0.0015
Item 8 |©@.7096|0.0000 ©.000 0.0000 O.0000
Item 9 |©.9884|0.0000 0.000 0.0000 O.0000
Item 10| ©2.2141|6.0000 ©.000 0.0000 0.0034
Item 11]|1.6660|0.0000 ©.000 ©.0000 0.0001
Item 12| ©2.8724|0.0000 ©.000 ©.0000 0.0024
Item 13]©2.9421|0.0000 ©.000 ©.00080 O.0000
Item 14| ©.1127|06.0000 ©.000 ©.0000 ©.0015
Item 15 ©.8006 ©6.0000|0.200 6.1991 6.3437
Item 16 ©.0000 ©.0000|0.857 ©.0258 ©.3941
Item 17 ©.60000 ©.0482 ©.000 ©0.0000 O.0000
Item 18 ©.0000 ©.0000 ©.000 ©.0002 O.000Q

Figure 11. Item-level Model Comparison

For our case, the Wald statistics and corresponding p-values for the different
reduced models, given in Figure 11, are reported under the Model Selection Output tab
of the GUI. Notice that these statistics only printed for the items requiring at least two
attributes for which more than one CDM can be fitted. Wald statistics and p-values
indicates that items 7-14 are DINA and items 17-18 are the GDINA items. Remaining
two items (i.e., 15-16) conform to at least two of the following CDMs: RRUM, ACDM
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and LLM. Although the data for these two items are simulated using the ACDM,
because these three models have the same number of item parameters under different
link functions (see de la Torre, 2011 for different link functions), it may be hard to make
a perfect selection.

Plots

The GUI allows users to generate various types of graphs via the Plots tab. These
readily available graphs are useful tools to highlight important information and enable
users to compare various parameters or statistics. For example, Plot of probability of
mastery for individuals is given in Figure 12; which allows users to compare individuals’
mastery probabilities. To do so, one need to enter a vector of individuals whose
mastery probabilities are to be compared. This vector must be comma delimited, and
no quatation marks is needed. Another type of graph is generated to display individual
posterior probabilities. This bar graph allows user to display the mastery probabilities in
increasing or decreasing order.

GDINA GUI =

Plots for individual statistics

Specifications for individuals’ mastery plots = Plot of probability of mastery for individuals =

Enter a vector of individuals (comma delimited) Mastery probadiltes

125 == P

Horizontal? <=1

& Downluad Plot as POF file )
-
B, | i
Bos N-
N

F 2 L — P F

Figure 12. Individuals” Mastery Probability Plots

oy pr

The next graph is the Plot of proportions of latent classes, which indicates the latent
classes” mastery rates. The mastery proportions of the latent classes may also be
displayed in decreasing or increasing order. All these graphs are displayed vertically
as default; however, user can switch to the horizontal positioning by clicking the
Horizontal box. The last graph is the Item response function plot, which displays the item
statistics of the selected item. Error bars can also be added to this bar graph by clicking
the Error bars box.

Additional Functions Offered by the Package

This section provides additional flexibilities offered by the package not covered by
the GUI. R scripts are needed to use additional functions. By writing a script additional
features of the package become available, and additional analyses that are not part of
the GUI can be conducted. Note that, because our goal is to serve unexperienced
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audience, we only focus on the fundamental functions used in dichotomous attribute
cases. Information in this section is useful for readers who have some level of R
programming skills.

We can start with the function simGDINA( ) that is used to simulate examinee
response data. Sample size (N), Q-matrix (Q), and lower and upper bound of
probability correct (gs.parm) must be provided, where gs.parm is a matrix or data frame
for lower and upper bound probability correct parameters (i.e., guessing and slip
parameters). The contribution of the delta parameters of the additive models is
specified by the gs.args argument for which two options, “equal” and “random”, are
available. The model argument allows users to assign a CDM to each item. model is a
character vector for each item (or a scalar when all items are the same type), for which
the available options are: “GDINA”, “DINA”, “DINO”, “ACDM”, “LLM”, “RRUM”,
and “MSDINA”. The att.dist argument is used to indicate the attribute distribution for
simulation, where “uniform”, “higher.order”, “mvnorm”, and “multinomial” are
available options for the uniform, higher order, multivariate normal, and multinomial
distributions, respectively. When attribute distribution happens to be multinomial, the
probability of each attribute pattern needs to be specified through att.prior. If we would
like attribute distribution to be higher-order, then, higher order distribution of
attributes need to be specified through higher.order.parm. Lastly, a list of parameters for
multivariate normal distribution is provided by mvnorm.parm when the attribute
distribution to be generated is a multivariate normal.

The GDINA package allows users to generate hierarchical attribute structures and,
to provide prior joint attribute distribution with specified hierarchical relations among
the attributes. For this purpose, the att.structure( ) function can be used. The
hierarchy.list is a list used for specifying hierarchical structure among the attributes.
Elements of this list specify direct prerequisite relations between the two attributes.
For example, when three attributes (e.g., A1, A2, and A3) have a linear relationship
where Al is prerequisite for A2 (and A3), and A2 is also prerequisite for A3; this
hierarchical structure is defined by the list(c(1,2), ¢(2,3)). The number of attributes K
must also be specified to use this function. The att.prob argument is used in this
function to set latent class probabilities as either “random” or “uniform.”

The GDINA( ) function calibrates the GDINA and reduced CDMs. Here we would
like to focus on the features available using specific functions that are not available in
the GUI. Along with the CDMs available in the GUI, multiple-strategy DINA model
(MSDINA; de la Torre & Douglas, 2008) is also estimated by this function. This
function allows hierarchically structured attributes in the estimation, for which
att.prior must be specified such that prior weights 0 are assigned to impossible latent
classes. This option is only available for calibration of the DINA, DINO, or G-DINA
models.

To evaluate whether a specific CDM can replace the G-DINA model without
significant loss in data-model fit, the modelcomp( ) function can be used. Although
model comparison can also be conducted in the item and test level using the GUI, use
of this function allows one to specify the items for which the model comparison is
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requested. Furthermore, we can also specify the reduced models to be considered in
the model selection. Unlike in the GUI, Wald statistics is not the only option under this
function. Two more statistics, namely, Lagrange multiplier and likelihood ratio, are
also available for model comparison.

The extract( ) function is used to extract information or data such as att.prior,
discrim, prevalence, prosterior.prob, and delta.parm (i.e., attribute priors,
discriminations, attribute prevalence, posterior probabilities, and delta parameters,
respectively). To obtain such information, objects from class GDINA, itemfit,
modelcomp, or simGDINA must be specified by the object argument. The what
argument is then used to call the information we would like to extract.

The GDINA package permits one to evaluate differential item functioning (DIF),
which may occur when the success probabilities on an item are different for the
examinees from different groups with the same attribute mastery profile (Hou, de la
Torre & Nandakumar, 2014). The dif() function is used to detect DIF based on the
models in the GDINA function using the Wald test (Hou, de la Torre, & Nandakumar,
2014) and the likelihood ratio test (Ma, et. al, 2017). It should also be noted that the
current version of the package only allows detection of DIF for two groups.

Concluding Remarks

In this manuscript, we first discussed relevant literature in cognitive diagnosis,
which includes a saturated model and several reduced models. It was followed by
presentation of the GDINA R package, which can be conveniently used for CDM
analyses. We demonstrated step-by-step basic CDM analyses using the GUI with an
aim of guiding novice researchers and practitioners in the field. Within the
demonstration, we provided fundamental information on the statistics used and
interpretations of the output. Although the analyses and options are limited when one
uses the GUI, more advanced methods for CDMs are available in the package for users
who are more familiar with R.

Several steps must be taken to implement cognitive diagnosis modeling
successfully. The first step requires specification of the domain-specific attributes for
which researchers may need to look into theories within the content domain, review
the relevant literature, and conduct a protocol analysis with the think-aloud procedure
(Akbay, Terzi, Kaplan, & Karaaslan, 2017; Leighton & Gierl, 2007; Tjoe & de la Torre,
2014). In general, finer grain sized attributes provide richer information (Alderson,
2005); however, an increase in the number of attributes measured by a single test
requires a larger number of items which, in turn, requires much larger sample sizes
for the model parameters to be estimated accurately.

Once the attributes are determined, items measuring single attributes and
combinations of attributes are developed and the relationships between these items
and the attributes must be carefully specified through the construction of a Q-matrix.
It should be noted that the usefulness of the diagnostic information provided by the
CDM analysis is highly dependent on the theoretical and empirical soundness of the
Q-matrix (de la Torre, 2008; de la Torre, & Chiu 2016; Lee & Sawaki, 2009). Therefore,
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item-attribute relationships must be specified carefully and correctly. In certain
situations, researchers have expectations regarding how attributes interact in the item
response process. In these situations, another fundamental step involves deciding a
priori which CDMs should be fitted to item response data to test one’s hypotheses.

Although other software programs are also available, using the GDINA package
offers users some flexibilities such as allowing estimation of a wide range of CDMs
and allowing nonprogrammers to benefit from this package through the GUI. Using
the GDINA, one can obtain diagnostic information about individual examinees’
mastery or nonmastery status of attributes; proportion of examinees who have
mastered a specific attribute; and proportion of examinees that are in a specific latent
class. In addition to ordinary CDM analyses, GDINA package further allows users to
apply model selection at the test- and item-level to make sure that the most appropriate
CDM (i.e., CDM that best explains the attribute interactions in the item) is fitted to the
response data. Furthermore, to identify possible item-attribute specification mistakes
in the Q-matrix, implementation of an empirical Q-matrix validation method is
available in the GDINA package. Lastly, this package offers various handy graphs,
which can be very useful in emphasizing important information and comparing
various parameters and/or statistics.
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GDINA R Paketi Kullanarak Bilissel Tan1 Modelleri Uygulamasi

Atif:

de la Torre, J., & Akbay, L. (2019). Implementation of cognitive diagnosis modeling
using the GDINA R package. Eurasian Journal of Educational Research, 80, 171-
192, DOL: 10.14689/ ejer.2019.80.9

Ozet

Formatif degerlendirme icin hazirlanmis olan 6lgme araclari, amacli bir sekilde
tasarlandiginda, tanilayici bilgi toplamamiza imkén saglarlar. Bu tiir bilgilere
dayanarak yapilan ¢ikarimlar egitimcilerin telafi edici eylemler gergeklestirmelerini
saglar. Son zamanlarda gelistirilen formatif degerlendirme yontemleri 6grencilere ve
Ogretmenlere 6grencilerin hangi bilgi ve beceri parcaciklarina (biligsel niteliklere)
sahip olduklar1 ya da olmadiklariyla ilgili ayrintili geri bildirim saglayabilmektedir.
Bu geribildirimlerin 6gretimi ve 6grenmeyi optimize etmek amaciyla kullanilmasi
beklenmektedir. Formatif clgme ve degerlendirmelerin sonuglarindan tanisal bilgi
edinebilmek icin iyi tasarlanmis sinavlarin uygulanmasinin yani sira gesitli bilissel tani
modellerinin kullanimina da ihtiya¢ vardir. Ancak, bu modellerin alan yazina yeni
kazandirilmis olmasi ve egitimcilerin hentiz yeterince asina olmamalar1 nedeniyle,
bilissel tani modellemelerinin (BTM) parametre kestirimlerinin ve diger ilgili
analizlerin uygulamalar1 yeterince yayginlasmamuistir.

Bu makalenin amaci BTM'ye asina olmayan egitimci ve arastirmacilara BTM'nin temel
prensiplerini tanitmak ve ticretsiz bir yazilim olan GDINA R paketi kullanilarak
yapilabilecek ¢esitli BTM uygulamalarini yeterince detayl1 olarak gostermektir. BTM
analizleri yapan baz1 yazilim programlarinin mevcut olmasina ragmen, alanla ilgili en
kapsaml1 paketlerden biri olan GDINA R paketinin kullaniminin saglayacagt
avantajlar arasinda sunlar sayilabilir: (1) Bircok bilissel tant modelinin kestiriminin R
ile miimkiin olmasy;, (2) Diger bir¢ok yazilim programlarmin tek tip modelin
kestirimine imkan veriyor olmasy; (3) Diger programlarin ¢ogunun ticari olmasi veya
ancak yazarin kendisiyle irtibat kurularak temin edilebilir olmasi; ve (4) Sozdizimi
(sintaks) hazirlamanin bazi programlarda oldukca zahmet verici olmas.

Bu makalede 6ncelikle BTM analizinin girdi ve ¢iktilar1 da dahil olmak tizere BTM
terminolojisi tartisilmakta, sonrasinda GDINA model yapisi tanitilmakta ve GDINA R
paketi sunulmaktadir. Sonrasinda ise niimerik bir 6rnek veri setinden yola ¢ikilarak,
GDINA R paketi ve bu paketin sundugu grafiksel kullanici ara ytizii (GUI: graphical
user interface) kullanilarak yapilabilecek analiz tiirleri adim adim takip edilebilecek
sekilde sunulmustur. Ayrica gerekli goriilen noktalarda yapilan is ve islemlerin teorik
bilgisine ve elde edilen sonuglarin yorumlanmasina dair bilgiler verilmistir. {lerleyen
boltimlerde, GUI ile yapilamayan ancak GDINA paketinin sundugu ve R kullanimina
asina olan kullanicilarin s6zdizimi yazarak yapabilecekleri ilave analizlere ve paketin
ek ozelliklerine yer verilmistir. Makalenin son bolimiinde ise bazi hatirlatma ve
tespitler yapilmustir.
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G-DINA modeli ve GDINA paketi

Genel ya da kisitlanmis olarak bircok biligsel tan1 modelinin ayrimlari grencinin
maddeleri cevaplama siirecinde bilissel niteliklerin (6lgiilen bilgi ya da becerilerin)
etkilesimlerine bagli olarak yapilir. G-DINA gibi genel modellerde biitiin ana etkiler
ve etkilesim etkileri madde tepki fonksiyonuna katkida bulunur. Bu tiir genel
modellerin parametrelerinde yapilacak kisitlamalarla daha kisith ya da daha sade
modeller elde edilebilir. Bunun yani sira, genel modellerde birden farkli link
fonksiyonlarinm kullanimi da s6z konusudur. Ornegin, G-DINA model identity, logit
ve log linkleriyle farkl1 isimlerle sunulabilir, ancak farkli linklerle ortaya konulan genel
modeller 6zdes model-veri uyumuna sahiptirler.

GDINA paketi GUI araciligiyla farkli linkler altinda olusturulabilecek olan GDINA,
logit GDINA, log GDINA'nin yani sira, bu genel modellerde ortaya koyulacak
kisitlamalarla olusturulabilen DINA, DINO, ACDM, LLM, ve RRUM modellerinin
kestirimine imkan verir. Ayrica, GUI araciligiyla olmasa da, R kullanimina agina olan
ve sozdizimi yazabilen kullanicilar GDINA R paketini kullanarak farkl stratejilerin
kullanimi durumunu goéz o6niinde bulunduran MS-DINA ve G-DINA'nin farkl
uzantilarindan olusan modellerin (6r. siniflama ve siralama olcekleriyle elde edilen
veriler icin sequential G-DINA ve kismi puanlamali nitelikleri i¢in polyfomous G-DINA)
kestirimini yapabilirler.

GDINA'y1 kullanarak, testi alanlarin nitelikleri kazanmis ya da kazanamamis olma
durumlariyla ilgili tanulayici bilgi; belirli bir niteligin kazandirilma orany; ve belirli bir
profile sahip olan kisilerin oranu ile ilgili bilgiler elde edilebilir. Bunlarin disinda, temel
CDM analizlerinin yani sira, madde ve nitelikler arasindaki etkilesimi en iyi agiklayan
BTM'nin kullamilabilmesi adima GDINA paketi arastirmacilarin test- ve madde-
diizeyinde model secimi yapabilmelerine imkan tanir. GDINA paketi ayn1 zamanda
madde-nitelik eslestirme matrisinde yapilabilecek muhtemel yanlislar1 ortaya
¢ikarmaya yardimci olmak adma ampirik olarak Q-matrisin uygunlugunun
dogrulamasini saglayan metotlarin kullanilmasina imkan saglar. Son olarak, bu paket,
cesitli kolay ve kullanisli grafikler ortaya koyar. Bu grafikler elde edilen analiz
sonuglarinda ©¢nemli noktalarmn vurgulanmasmna ve elde edilen istatistik ve
parametrelerin kolaylikla karsilastirilmasina olanak saglar.

Anahtar sézciikler: Biligsel tan1 modelleri, GDINA, R paketi, BTM uygulamalari.
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this particular topic, as well as the procedures of how these visual images are used. This study
is therefore aimed at disclosing how pictures and comic strips, as forms of visual images, can
be used to enhance students’ narrative writing ability as well as creativity. In writing narrative
essays with the help of visual images, students were helped in terms of generating ideas,
developing logical and critical thinking, and improving reasoning skills.

Research Methods: The design of this study was qualitative in nature. The participants were
comprised of 19 Professional Narrative Writing students. The data for this research was taken
from documents, that is, students” essays and journals which were written after the writing
activities were done, interviews with two students, and students’ scores. There were also pre-
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findings. These students, whose essays were used as analyzed documents, were enrolled in
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of Language and Arts (FLA), Universitas Kristen Satya Wacana (UKSW), Salatiga, Indonesia.
The class was conducted in Semester I of the 2017-2018 academic year. The students were
fourth-semester students. The Professional Narrative Writing course taught students how to be
professional in writing narratives.

Findings: The findings showed that pictures, as well as comic strips, were very useful in
helping students to write narratives. They helped students generate ideas, delve into more
creativity, as well as develop their imagination and motivation in writing, though some
students experienced difficulties in some aspects like ideas, grammar, diction, and plot.
Implications for Research and Practice: The results of the study hopefully can inspire other
narrative writing lecturers all over the globe to maximize the use of visual images, including
pictures and comic strips. These visual aids can enhance students” writing abilities as well as
their creativity. Students taking writing courses can hopefully be motivated to write better
narratives.
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Introduction

In this section, the background of the study, the rationale, the design, a literature
review, previous studies, and research questions are discussed.

Background of the Study

Students’ creativity and imaginations in writing should be triggered or encouraged
in order to make them produce better writing. In a Narrative Writing class, the help of
visual images - in this case, mystery pictures and picture series or sequential pictures
in the form of comic strips, mean a lot for students. They are helped at least in one
sense: developing their creativity and imagination. Thus, the aim of this study was to
describe how visual images in the form of a picture series and mystery pictures helped
students improve their narrative writing abilities, as well as expanded their
imagination and creativity. From the findings of this research, it was found that
students could be very imaginative and creative both in the language and content of
the writing. OECD (2018, p.6) claims that

...to prepare for 2030, people should be able to think creatively, develop new products and
services, new jobs, new processes and methods, new ways of thinking and living, new
enterprises, new sectors, new business models and new social models... The constructs that
underpin the competency include adaptability, creativity, curiosity, and open-mindedness.

Working collaboratively in small groups, students were successful in creating the
plot of the story based on the provided pictures, as well as in other aspects of narrative
writing, like coherence, unity, the development of ideas, problem formulation, and
problem-solving. As mentioned earlier, there is a famous proverb which states that a
picture is worth a thousand words. The meaning is, more or less, that a picture tells a
story as well as, if not better than, a lot of written words. Everybody surely agrees with
this; one picture can say a lot of things. This is what 19 students of a Narrative Writing
class of the English Department of the Faculty of Language and Arts (FLA) of
Universitas Kristen Satya Wacana (UKSW) Salatiga, Indonesia, were able to
experience. They were given pictures and comic strips with no dialog at all, and they
had to tell what happened in the stories in the form of a narrative essay. Most of them
enjoyed this activity. They had to work in pairs or in a group of three, and they told
their stories based on the comics or pictures given. These students were fifth-semester
students who were left behind by their peer students. Their peer students had taken
the Professional Narrative Writing class in the previous semester.

Rationale & Design

A significant shift has happened over the last century, from manufacturing to
emphasizing information and knowledge services. “ Shared decision-making, information
sharing, collaboration, innovation, and speed are essential in today’s enterprises”
(Kamehameha Schools Research and Evaluation, 2010, p.1). Trilling and Fadel (2009),
as cited in Kamehameha Schools Research and Evaluation, 2010, p 6, claim that today’s
students should be able to communicate clearly, collaborate with others, think
critically, solve problems, be creative, and be innovative. Education has focused on the
essences of communication, like speaking, writing, and reading, but the demands of
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social relations and a global economy in this century call for a more diverse set of
communication and collaboration skills. This becomes the underlying reason of the
rationale of this study; that students of this century, including the ones learning
English in English Language Education Program (ELEP), who later on are expected to
be teachers, should be able to master these twenty-first century skills.

Comic strips, as a form of a picture series and mystery pictures, are a good media
to use in narrative writing. Using these teaching aids in classroom activities can
improve students’ creativity and imagination in writing. From the student
participants’ journals, it can be clearly seen that they found this activity challenging. It
successfully activated their imaginations and creativity. In our everyday lives, whether
we realize it or not, we deal with narratives. They may not be in the form of a written
essay, but they take the form of spoken narratives. When we talk about something that
happened the other day, the previous week, month, or year, we use narratives. It is not
something new in our lives. In this research, it is argued that to write narratives
creatively and imaginatively, visual images need to be used. The design of this study
is basically qualitative in nature, which is then backed up with some descriptive
statistics. This will be discussed in length in the Methodology section.

Review of Literature

The use of pictures as an aid in teaching is not something new. Allford (2000, as
cited by Rayo, 2015), claims that since the Renaissance era, Latin has been learned by
using pictures. By the 1950s, pictures were widely used in ESL classrooms. The
purpose was to stimulate learners’ interest and reinforce materials in a textual form.
Randle (n.d., as cited from Arnheim, 1964) stated that every picture and visual image
that we perceive is a statement of thought. How skillful we are in cultivating our
perception skills will determine how well we can understand the meaning from a
visual image. Arnheim first coined the term ‘visual thinking strategies” (VTS). VTS is
a teaching strategy which is used to encourage critical and creative thinking by using
visual images. There are three questions which are carefully worded to ask about an
image during a group discussion to foster critical thinking. They are: What's going on
in the picture? What do you see which makes you say that? What more can we find? The
purposes of these questions are to construct meaning and understanding from the
image. Silva, Santos and Bispo (2017) mentioned that comics have existed for more
than 40,000 years, which began with cave paintings. They further revealed that there
are several purposes of using comics in the educational field. First, they can be used as
a teaching aid, and second, they can be applied to improve students” speaking abilities.

Rayo (2015) further stated that pictures require no or just a little explanation. As
cited by Spanley and Peprnik (1967), Rayo (2015) explained that there are three
guidelines for utilizing pictures in the classroom. First, they must be clear in showing
a cause and effect. Next, pictures should contain examples of the actions that the
authors want to emphasize. This is to avoid misinterpretations. The relationships
between the elements in the pictures should also be clear so that the sequence of actions
makes sense. Third, pictures should contain a break in the action to introduce an
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element of surprise. By fulfilling these picture requirements, it can make pictures
become successful aids for language learners.

Rayo (2015) claims that there are many benefits of using picture stories in the area
of language learning. Among them is that it makes students engaged in learning when
pictures are used. Besides that, pictures can also be an aid in the transfer of fictional
stories to personalized life experiences. Pictures can be used with various degrees of
difficulties. Pictures can also become a medium for students to express their thoughts
and feelings. In line with Rayo, Aschawir (2014) postulates that the more interesting
and varied the encouragement through visual aids, the faster and more effective the
learning will be. Pictures, still according to Aschawir (2014), contribute to learners’
interest and motivation. They also have positive effects on the sense of the context of
the language and specific stimulus. Aschawir also introduced different kinds of
pictures. They were wall pictures, wall charts, sequential pictures, flashcards, and
board drawings.

Asrifan (2015) reinforced this idea. He mentioned that there are two types of
materials used for language learning, visual and non-visual. He stated further that, “A
visual material offers an attractive and stimulating framework for writing practice and has
great potential as an aid to develop writing skills since it provides both contexts and stimulation
of a variety of activities. One of the visual materials is pictures” (p. 245). Picture stories can
help students in generating ideas and organizing those ideas in writing. Picture stories
can also effectively stimulate students’ imaginative ability. A similar insight also
comes from Aschawir (2014). He stated that one of the main characteristics of a writing
program is that learners should be given opportunities to communicate through
writing, and also to simply enjoy writing. In building up learners” writing skills, a
picture series can be used as a good medium or visual aid. Imastuti and Suparno
(2012), as cited from Wright (1989), also claim that there are five roles in writing. First,
pictures can motivate learners. Second, they contribute to the context in which learning
takes place. Next, pictures can describe something in an objective way. The fourth one
is that pictures can cue responses. Finally, pictures can stimulate and provide
information in storytelling.

The use of pictures to help students write better is commonly known, especially in
the area of narrative writing. Picture usage is a common practice in a performance-
based assessment in writing. The next question may be: What is a performance-based
assessment? From the name, one can guess that it is a kind of assessment that is based
on performance. A performance-based assessment measures students” ability to apply
skills and knowledge which are learned from a unit or units of study. The task
challenges students to use higher-order thinking skills or create a product or complete
a process (Chun, 2010, in Hilliard, 2015). Schweizer (1999) has a similar idea,
mentioning that in writing tests, the pictures that are used should be the ones which
foster the writing process. The underlying reason is that the quality of writing is
affected by the pictorial stimulus which will be used to produce the writing
(Schweizer, 1999). Hyvirinen (2007) also mentioned that a narrative is, as cited from
Propp (1968 & 1984) about Aristotelian idea, a good tragedy which has a beginning, a
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middle, and an end; while open, conversational, or artistic narratives emphasize a clear
sequence of events.

There is a theory which states that both visual and verbal information are used to
represent information (Thomas, 2014). According to this theory, human beings process
and represent verbal and non-verbal information in separate yet related systems. Both
visual and verbal information can be used to represent information. This theory was
developed by Paivio (1991, p. 158) in the 1960s, and is known as the Dual Coding Theory
(DCT). DCT predicts that:

Word concreteness and imagery value should be the central variables in
cognitive and educational tasks, which are related to meaning.
Concreteness and imagery value have been measured empirically by
ratings of the ease with which words, sentences, or larger units of text
evoke a visual, auditory, or other mental picture (imagery value), or the
degree to which they refer to tangible objects with concrete referents
(concreteness) (Clark & Paivio, 1991).

This theory also states that “mental representations” are related with both verbal
and non-verbal symbolic modes. These mental representations retain the features of
the concrete sensorimotor events, which they are based on. The verbal system contains
“visual, auditory, articulatory, and other modality-specific verbal codes”. In contrast,
non-verbal representations include modality-specific images for shapes, for example, a
chemical model; environmental sounds like a school bell; actions, for example, drawing
lines or pressing keys; skeletal or visceral sensations related to emotion (e.g., a clenched jaw
or a racing heart), and other non-linguistic objects and events (p. 151-2).

Paivio and some other researchers support the importance of imagery in cognitive
operations. The human brain processes visual as well as verbal information in
completely different ways; one is for the visual images, the other is for verbal language.
Clark and Paivio (1991, p.162, p. 166) mentioned that DCT is concerned with the
interaction between individual differences and the use of imagery in text
comprehension. This theory of DCT assumes that people vary in both their ease as well
as skill in which they use non-verbal and imaginative processes. They also stated that
both imagery and concreteness play an important role in memory for a text. From their
research, it was found that the subjects who received imagery remembered better than
those who did not.

Beckley (2014) studied the relationship between visual and written narratives in
student engagement. In her study, she collected data from direct observations of
students, teacher notes, rubrics, student surveys, and student projects. She found that
providing students with a variety of methods - especially image making - will make
students produce stories which are richer, more elaborated, and engaging.
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Related with visual images, Grainger (2004, p. 199) indicated that there are some
key features of a visual image. They are the line, color, action and movement, size and
location, and symbolism. Line and color are two basic elements of a picture, Grainger
claims. On these two elements, more complicated features are built. Color is very
important in one sense; that is, in creating the world as we expect readers to see it.
lustrated pictures also have action, movement, and the passing of time. However,
artists describe the characters in a frozen form. Arhnheim (in Grainger, 2004, p. 204)
indicated that sometimes the frozen form of the characters in the illustrations created
by artists do not exist in the real world. It is the ability of the artists to describe the
rapid movements of the characters’ limbs in the motionless pictures that matter.

Readers or writers’ perceptions and interpretations of the characters are influenced
by the settings and locations where the characters are placed. Even the same picture
may trigger different interpretations for different people. High, low, left, and right
may show significant meanings. Certain symbols may be present in pictures which
bring certain meanings. Dark clouds, rain, and night, for example, may symbolize
sadness and a gloomy situation.

As summed up from the theories above, visual images can be used in the
educational field. Two of them are pictures and comic strips. These two non-verbal
representations can function as a media to help learners of English write narratives
better. As stated earlier, we deal with narratives in our daily lives. We cannot avoid it.
This is not exempt from the area of academic life, especially in the English language
major. Students, as well as teachers, should deal with narrative writing. There are
many strategies that teachers can use in order to motivate students to write better.
Using pictures and a comic series is one of the strategies worth trying in narrative essay
writing. Besides giving students visual images, pictures and comics also can develop
students” motivation and eagerness to write.

Gutiérrez, Pueelo, and Galvis (2015) support this idea, saying that “Through
narrative writing, students organize ideas and experiences creatively and imaginatively by
combining linguistic, pragmatic, and sociolinguistic competencies.” Incorporating pictures
into language teaching and learning surely has positive impacts on learners’
communicative skills. These teaching aids can help teachers to make language
contextualized by “going out of the classroom walls”.

Previous Research Reviewed

As mentioned above, the use of visual images in education is not something new.
Recently, studies in language learning involving the use of visual images have been
done by some researchers. In 2012, Imastuti and Suparno from UNS Solo Indonesia
conducted a study on the use of a picture series in teaching writing in order to help
students solve their problems in writing. They argued that there are five roles of
pictures in writing. First, pictures can motivate students to take an active part in the
writing process. Secondly, pictures help bring the “‘world” into the classroom. Students
will get visualization from pictures. Next, pictures can describe something objectively.
The fourth benefit is that pictures can lead students’ responses to a question. The last
advantage is that pictures can provide information.
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From their study, Ismatuti and Suparno (2012) concluded that their respondents,
students of Public Junior High School (SMPN) 2 in Ampel, Indonesia, improved in
their motivation after being given a picture series for their writing activity. The second
conclusion was that there were improvements in students” writing skills as they wrote
more detailed information, included longer paragraphs, had better organization, used
sufficient supporting sentences, and could also change present tense into past tense.
In short, these student respondents could write narrative texts better.

In the same year, 2012, Ayuningtyas and Wulyani also conducted action research
on the eleventh graders of Public High School (SMAN) 1 in Srengat Blitar, Indonesia.
They wanted to know if the ability of the eleventh graders in writing narrative texts
could be improved by using picture sequences as instructional media. They obtained
data through two observation checklists, questionnaires, and the students” writing
products. The findings showed that there were good improvements in terms of
students” attitudes and writing products. There is a need to conduct a similar study on
tertiary-level students with participants of different age groups and English mastery
level, which other pieces of research have not covered yet.

Aschawir (2014) also carried out a similar kind of research on second-semester
students at the English Department of the Faculty of Letters of UMI, Indonesia. The
experimental group was taught using a picture series, while the control group was
taught without a picture series. Five writing components were emphasized, including
content, organization, vocabulary, language use, and mechanics. From his research, it
was found that the results of the use of a picture series increased experimental group’s
post-test writing scores.

Another research was conducted by Gutiérrez, Puello and Galvis, in 2015. The
research was done with ten students in the experimental group, and ten students in
the control group. The experimental group was taught with a pictures series technique
and a process-based approach. In contrast, the other group was taught using the
process-based approach only. From their research, it was found that the picture series
technique which was applied to the process-based approach was suitable for EFL
students of the eighth grade. They could improve their narrative writing skill in
English. Besides that, students” motivation to practice their narrative writing was
improved.

Rayo (2015) also contributed to the findings in this area. He examined the
effectiveness of the use of picture stories to improve verb tenses in narrative writing
of adult English learners. There were 36 participants from China. The results showed
that there were no significant improvements in the experimental group. He found that
these learners preferred the simple past tense form over other verb forms in their
narrative writing.

Silva et al. (2017) also reported some research done in the past, dealing with the
use of pictures. Results showed that the use of comics could enhance competence
development, innovation, and flexibility in writing. Besides, it could reduce the gap
between theory and practice. It also helped students to be more critical in writing.
Jensen et al. (2007) conducted a study using drawings in management learning which
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involved the use of comics as a way of representing knowledge. This study found that
comics can help students to express and represent professional situations. In 2009,
some high school physics teachers introduced Einstein’s idea of using pictures to the
students. The teachers thought that this teaching strategy could become a source of
motivation to present words and images (as cited from Caruso & Freitas, 2009). Two
years later, in 2011, Rosetto and Chiera-Macchia reported on the use of comics in
teaching Italian. This activity helped students in developing memory, analysis, and
reasoning skills. This also decreased their anxiety and encouraged their creativity. In
2012, Kilickaya and Krajka conducted research to identify whether students liked to
create comics to facilitate their learning process. The findings showed that 24 out of 25
students claimed that they enjoyed participating in this activity.

With the aims of enriching the previous theories in the use of visual images in ELT
and completing the existing literature in narrative writing using pictures, this study
was thus conducted. This present study will confirm and complete the previous
findings. The special addition lies in the additional visual materials used besides
sequential pictures; that is, mystery pictures. Pedagogically, the results of this study
are expected to provide new horizons and insights for writing teachers at any level
about the use of visual images to enhance students” writing skills as well critical
thinking and creativity.

Research Questions

The main focus of this paper is to describe and reveal how pictures and comics as
a form of visual images can be used as a technique to teach students to write narrative
essays. Basically, there are two questions to answer in this paper:

1. How can pictures and comic strips be used to enhance students’ creativity and
abilities in narrative writing?

2. What are students’ perspectives on the use of pictures and comic series in narrative
writing?

Research Setting

The research was conducted in the first semester of the 2017/2018 academic year.
Nineteen students of the English Language Education Program, the Faculty of
Language and Arts, UKSW, Salatiga, Indonesia, became the participants of this study.
They were fourth-semester students.

Method
Research Design

The design of this study was basically qualitative, which was supported by
quantitative data. A qualitative design was chosen as the main model of this research,
mainly because in this kind of research, participants’ perspectives are given priority
(Cresswell, 2009). The underlying reason why participants’ perspectives were given
an important place in this research was that this study was progressive in nature, not
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an experimental one. The bottom line was that the participants’ perspectives
constructed the social world, and their voices for changes were highly valued and very
much appreciated; therefore, there were no right or wrong answers to a particular
problem. What the researcher describes and what the participants say are both of equal
importance (Halliday, 2002). The participants could freely express their opinions and
feelings, including satisfaction or dissatisfaction with a certain treatment given to
them. The perspectives could vary according to some factors, like cultures.

This research portrayed individuals - in this case, Narrative Writing class students
- as they were building their social worlds; that is, the imaginative worlds they were
building in their minds that later on were reflected in their narrative essays. As a
researcher, I tried to build my own social world through my interpretation.
Participants’ perspectives, which represented human behavior, were then analyzed
and interpreted in elaborate descriptions. This research could also be called a narrative
study because all the data was interpreted in a “thick description”, and later on
presented in the form of narratives (Halliday, 2002).

As seen from the involvement of the research participants, this research can be
called participatory and interpretive. It interprets human behavior from participants’
perspectives, and the emphasis is on rich data collection and thick descriptions (Burns,
2003). Cresswell (2009, p. 9) reinforces this idea, mentioning that qualitative
researchers tend to use open-ended questions so that participants can express their
views. The researcher tries to understand the context of the participants through
information gathering done personally. Quantitative data from the students’ scores
from the pre-tests and the post-tests were also used.

The data collection was done throughout Semester 1/2017-2018 Academic Year,
that is, from September till the end of November 2017. Students were given three days
to finish one piece of writing. Data in the forms of essays, journals, and interviews
were analyzed qualitatively. Meanwhile, data related to scores were quantitatively
analyzed. The visual tools used in this study were five mystery pictures and two comic
strips which represented sequential pictures. The selection of the pictures was done in
collaboration with another lecturer who was teaching a parallel class in the same
semester. Themes of the pictures were found based on a thought that those pictures
had to give students ample opportunities to develop their imagination and critical
thinking. At the beginning and the end of the semester, students were given pre- and
post-tests. This was done to see whether the aspects of their narratives improved or
not. The aspects graded were ideas, voice, diction, and convention. During the
semester, they were asked to write two essays based on the pictures given, two email
complaints, and one personal statement. Involving two kinds of data, qualitative and
quantitative, the study can be considered as having a mixed-method design. About
this mixed-method research, Gall, Gall and Borg (2007, p. 32) defined it as: “A review
of quantitative studies about a particular phenomenon combined with a review of qualitative
studies about the same phenomenon that can provide richer insights and raise more interesting
questions for future research.” Due to the limitation of time and space, this paper only
focuses on qualitative data.
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According to Gall et al. (2007), in a one-group pre-test and post-test design, three
steps are taken. The first step is the implementation of the pre-test. Second, treatment
is given to all the participants. Last, the post-test is implemented. In this study, a pre-
test was given at the beginning of the semester, while a post-test was given at the end
of the semester. In a one-group pre-test and post-test design, the absence of a control
group is not a problem. It does not constitute a threat to internal validity since the
researchers can make a good estimate of the results of the pre-test as well as the post-
test because of extraneous factors. A one-group pre-test and post-test design is the
most justified design when extraneous factors can be estimated with a high degree of
certainty or can be assumed to be minimal or non-existing.

During the narrative writing using pictures, there were two cycles. First, students
were given two sequential pictures, and they were allowed to choose one sequence,
each of which consisted of four comic pictures. They then worked in small groups,
creating a narrative story based on the pictures. For the second step, students were
given five mystery pictures. Just like the previous stage, they were given freedom to
choose one among five pictures and asked to write a narrative based on the selected
picture. Students’ essays were read and graded based on certain grading rubrics.
Journals were also qualitatively analyzed. After doing those two assignments,
students were asked to write journals about their opinions and feelings in writing
using pictures.

About qualitative research, Leung (2015) supported this idea, saying that “The
essence of qualitative research is to make sense of and recognize patterns among words in order
to build up a meaningful picture without compromising its richness and dimensionality.”
From Leung’s statement, it can be clearly seen that in qualitative research, words are
important as through words, a meaningful world is built. Leung further stated that
similar to quantitative research, qualitative research seeks answers to questions of
how, where, when, why, and who. In qualitative research, however, there is no need
to assess any work numerically and statistically. Everything is described, explained,
and elaborated through words.

Research Participants

All the data for this research was derived from documents, in the form of students’
essays and journals. Altogether, there were 19 students who attended this Narrative
Writing Class, Group A, in Semester I of the 2017-2018 academic year. They were all
selected for this research. Before taking this class, they had previously taken Creative
Writing and Procedural Writing courses. These students were late in taking this
Narrative Writing class due to grammar classes that they had to repeat.

Research Instruments

The instruments used in this study were pre-tests, post-tests, interview protocol,
as well as pictures and comic strips, which students had to base their essays on. Besides
those two things, journals were also used to get students” perspectives on the use of
pictures and comic strips.
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Research Procedures

In detail, here are the steps of the procedures. At the beginning of the semester, on
August 29, 2017, the students did their pre-tests. The post-tests were given at the end
of the semester, on November 28, 2017. The scores were presented descriptively. For
the narrative writing task of using pictures, there were two cycles which were
explained afterward. First, I searched for the right pictures and comic strips without
dialogs for the students to complete. After getting the right pictures from the right
artists, I assigned students to work in groups of two or three, so they could start
brainstorming their ideas about the pictures and the comic strips (they had to choose
one comic strip and one picture). After imagining what had happened in both the
pictures as well as comics, they began writing their stories in collaboration with others.
The same stages happened when students had to write a narrative essay based on a
mystery picture which they selected out of five pictures. Journals on students’ opinions
on the use of pictures and comics were also used as data in this research, besides
interview results.

Validity and Reliability

Regarding the validity of qualitative research, Leung (2015) claims that the validity
of qualitative research deals with the appropriateness of tools, processes, and data.
There must also be several methods which are adapted to add validity, like first and
second triangulation, and well-documented materials. This present study used
appropriate tools of data collection like direct observations and a close look at
students’ journals and essays.

Reliability of qualitative research refers to the replicability of the process of
research and the results as well (Leung, 2015). While getting original data from the
participants, researchers have to verify with constant comparisons, the accuracy of the
data related to the form and context. The scope and analysis of data should be
comprehensive and inclusive. Reference to quantitative aspects should be made
possible. This study also has a comprehensive and inclusive data analysis.

Another aspect of qualitative research is generalizability. Leung (2015) stated that
the generalizability of qualitative research is usually not expected. This kind of
research is meant to study specific phenomena in a certain population or ethnic group.
However, Leung (2015) mentioned that there is a pragmatic approach to assess the
generalizability of qualitative research. This includes systematic sampling,
triangulation, constant comparison, documentation, and the multi-dimensional
theory.

All data, including students’ pre-tests, post-tests, essays, journals, and interviews
were analyzed qualitatively. Pre-tests were given at the beginning of the semester,
while post-tests were given at the end of the semester to see in what aspects students
improved. Two pieces of students’ essays written collaboratively, one based on comic
series and the other on mystery pictures, were also graded based on certain aspects.
Students’ journals and interview results were then conducted to support the findings
from tests and essays.
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Data Analysis Procedures

All the qualitative data derived for this research were then interpreted in the form
of narratives. The focus of the interpretation was the participants’ narrative essays and
perspectives. The improvements of several aspects were then seen from students’
narrative essays, in terms of ideas, creativity, and fluency of ideas. The aspects graded
from the essays included their ideas, the writers’ voice, (reflected in dialogs in the
essays), word choice or diction, and grammar and mechanics. The grading sheet is
attached as an appendix.

The participants” behavior and motivation in this series of activities were also
observed from what they said in the journals as well as interviews with two students
who were randomly selected. The data were then interpreted in a “rich description”.
After the findings were presented, the data were then qualitatively interpreted.
Finally, conclusions were drawn.

In the discussion section, the process of the essay writing based on visual images
from the beginning till the end, the strengths, the main challenges, as well as the
solutions to the problems are discussed. Some samples of students’ completed dialogs
in comic strips and students’ completed essays are also presented. Students worked in
collaboration with one or two other classmates in a small group. After working hard
to make the outlines of their essays, they began writing with their group members, and
they submitted the drafts to the lecturer.

Results

Presented below are students’ essays which were written collaboratively with their
peers. Based on comic strips with empty bubbles and mystery pictures, they worked
in small groups of two or three students. Here their creative and imaginative minds
could be seen. They managed to develop their writing based on the visual images
given.

The visual images used in this study were comic strips with sequences, or usually
called as sequential pictures, and five mystery pictures, which were single pictures.
For the comics, two comic strips without dialogs were given to the students. The first
one showed a picture of a car speeding up and a policeman on the right side of the
street, sitting on his motorbike. Next, the policeman was chasing the car. In the third
picture, the car stopped, and the policeman got off his motorbike and approached the
car. The last picture showed a group of clowns sitting closely next to each other in the
small car.

The second comic strip was about a boy and his father. In the first picture, it was
shown that a boy was squatting near his father who was making something from
wood. Next, the boy was conversing with his father about a wooden board. In the third
picture, the boy was talking to his friend, and the boy was sitting on a small wooden
wagon. In the fourth picture, both the boy and his friend were enjoying the ride.
However, in the fifth and sixth pictures, the boy and his friend began to lose control of
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the wagon, as the ground started to slope downwards and the wagon was speeding
up uncontrollably. The seventh picture showed the two kids being thrown hard and
jumped into a valley. In the last picture, they landed hard on the ground headfirst.

For the mystery pictures, there were five choices for the students. The first one was a
picture of an older sister with her younger brother climbing a cliff and they were at the
top. The second picture was of a girl running into a mysterious room with stairs going
down into the dark room. The next one, picture 3, was of two men in a kind of treehouse,
with water under it. The fourth one was a picture of a man writing in the dark and it was
raining. He was at the top of a cliff. The last picture, picture 5, showed a woman/ man
(unclear because of the storm) walking alone in the snow. Presented below are samples
of students’ collaborative essays based on the visual images they got.

Text 1: Group 1’s Completed Collaborative Essay Based on Comic Strip 1
(Unedited)

WAGON'S ACCIDENT

An accident could be happened to anyone who was careless. One day, there was a
naughty little boy called Bob. He came to his father, Edward. He felt curious about what his
father did and then he asked him, "What's that? What are you doing?" His father answered,
"This is a wagon. I'm just fixing it."

Bob felt more curious about it and wanted to try it. An hour later, his father took a nap.
Besides, Bob took the wagon secretly and brought it to jungle. He met a tiger, Toddy. He
asked Toddy to play together. Toddy agreed and said that he would control the speed through
the speedometer in his hand. Bob sit on the wagon and Toddy started push the wagon while
running, so that it could go fast.

They enjoyed that game, but they worried about the speed of the wagon went faster and
faster. Toddy looked to the speedometer and he shocked because the speed was out of limit.
They became panic and didn't know what they had to do. They afraid and screamed. Finally,
they fell at the brink and laid down on the ground. Bob said, "Huft! That was awful." Then
Toddy replied, "Yes, absolutely awful and my speedometer is broken."

The accident made their body sick and the speedometer and the wagon was broken. We
can conclude that we have to be careful while doing something.

Text 2: Group 2’s Competed Collaborative Essay Based on Comic Strip 2 (Unedited)

THE CLOWNS

A policeman chased a small car full of unexpected people. Long time ago, there was a
funny accident in Noting Hill. It was a little town in London that popular with the high
discipline traffic system. There was a firm cop at that time, Mr. Danish. He has been working
as a cop for about fifteen years. He was really obedient to the rules.
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One day, he looked a small car drove very fast. He said, "Hi, the ugly small car, stop
please!" However, the car didn't stop and went faster than before. He chased the car by his
motorcycle. He screamed out the car and said, " Stop! I will kill you by my hand if you don't
stop right now!"

After that the car stopped immediately. He walked to the car and said, "Stop little kid!
Or I will slap your face! Get out of the car!" He knocked the drive's window and the driver
opened it. He shocked after looked who the passenger is.

They were not naughty little kids, but they are group of clowns. The driver said to him,
"What's up? Seriously? You want to slap twenty of us? Our face one by one?” Mr. Danish
astonished and just said, "Oh, no!". From that story we can learn that we have to think first
before we take an action.

From Text 1 and Text 2, it was clear that the students really worked hard to make
the best stories that they could, based on the comic strips given. They worked
collaboratively with other friends in small groups. After such conflicting moments
with their peer students in the groups to decide the plot of the story, they came up
with interesting ideas for their essays. This is one of the benefits of this activity:
students practiced and sharpened their soft skills while they were negotiating meaning
and finding the best solutions for any disagreement.

Text 3: Students” Collaborative Narrative Essay 1 Based on Mystery Picture 5
(Unedited)

A Choice

Once upon a time, there was a man named Edward. He was a kind person, patient,
loyal, and always help each other. Edward had a beautiful wife named Diane. He loved her
so much with all of his heart, but Diane betrayed him. When Edward knew that his wife
betrayed him, Edward tried to stay and kept struggle for his relationship. Edward always be
patient in facing his wife. Overtime, as a husband that had been betrayed by the woman that
he loved, he realized that every patient had limit. Because of that, he should chose a bitter
choice for a better life.

Edward and Diane were the best couple in their city. Edward was a kind person and
Diane was one of the most beautiful women in the city. Everyone who looked them will be
felt jealous, because they were really harmonious and romantic couple. Everything had
changed when Diane met another man named Alfonso. She fell in love with Alfonso, "Oh
God! I falling in love with Alfonso and wanna live with him, but how about my husband?
What I should says to him ?" Diane thinks. Edward tried to be patient and defend his
relationship, but Diane still chose to left him. Edward’s heart was so broke and he did not
have other choises except to let Diane go. He realized that this is the most bitter choice that
he ever made, "I hope this is a better choice for myself," he said. Edward felt that he should
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did something to forgot his problems, "I need some vacation to refresh my mind," he thinks.
So he decided to roam places that he never knew to found his happiness again.

Edward strated his new journey to forgot about his problems. He just started his journey
alone, without someone accompenied him. Sometimes he felt so lonely. His eyes looked so
empty and right now he was so thin. He lost his spirit of life and did not eat anything for
around a week. He just drank the drinks that he brought from his city. However, his drinks
was not enough for his stock. In this condition, he was in a desert and felt thirsty, "I need
some water. Who can help me?" he whimpering. At the same time, he also looked at the sand
at the front of him. He imagine and wonder to himself, “Is there any hope for me?” he tried
to not cried. It was a hard journey for edward, but he still tried to walking even though it
was so hard to kept his two feet on the ground. Luckily, he finally found a city. Edward felt
saved and the citizen in that city were so kind. Edward think that it was a perfect city to
started his new life. Then, he built a new house in the city and made good relations to the
other citizens. In that city, Edward became rich as the greatest sword maker in the city. It
was made him so grateful.

Edward realized that his choice to leave his wife was the best for him, “maybe it is bitter,
but I know it is better,” he said. Edward so grateful for the result that he had got now. He
tried to not hate Diane, he wish that she could be happy on her new life with her new man.
Edward wanted to forgot about his internal problem with Diane, and he forgave her,
“everyone has a choice and Diane too,” he said in his heart. Right now, Edward was so
happy with his new life. He also enjoyed his new activity as a sword maker. Edward realized
that God had the best for him.

We should chose a painful choice for a better life. No matter if it so hard, no mater if it
made you hurt. We should made a choice, because a choice was an important aspect in life.
We should brave in made a choice, and remember that life is a choice.

Text 4: Students” Collaborative Narrative Essay 2 Based on Mystery Picture 3
(Unedited)

One day, Jenny and Jerry would go to Raja Ampat Island with a boat. They have been
prepared all of the things that they need for a long time. They were so excited about it.
Unfortunately, there was an accident. Suddenly, the storm has come and hit the boat into
the secret island. They were so sad, but Jenny had a good idea to build a tree house. They
were working together to make a tree house. Usually, people like to work independently.
However, working with partners is better.

There are several things that they needed to build a tree house but they have not got it
in the secret island. They needed some woods, nails and tools to build the tree house. They
have tried to search anything that they need around the secret island but they could not find
anything. Jenny said, “I have not got anything that we need to build the tree house.” Jerry
answered, “I think, we can use the tree and the grass.” So, they used the tree and the grass
to build a tree house.”

The process to build a tree house was difficult. There were some things that happened to
them. The wind was very heavy at that time, so they struggled to build the tree. Also, they
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found the difficulties to build the tree house, but they could not solve the problem. Jenny said

“build the tree house is very difficult, so I cannot do that.” She did not continue on making
the tree house and stopped helping Jerry on making the tree house. However, Jerry did not
complain about that. The thing that he wanted was the tree house must be finished so both
of them could stay longer in the secret island.

Jerry was building the tree house with a spirit. However, Jerry built the tree house alone
by himself and Jenny just looked at him. At first, Jenny did care about it anymore. She gave
up because she thought that the tree house would not be finished. On the other hand, Jenny
felt pity to Jerry because Jerry made the tree house alone. Finally, Jenny helped him to build
the tree house. They were building the tree house together. They did it. The tree house looks
beautiful and amazing.

In conclusion, they are willing to help each other and they will sacrifice for one another
whenever necessary. They promised to each other that they would always be together in any
cases. At last, friends will always help you and they will not let you down no matter what
the conditions are. A good friendship starts from how you can accept the positives and the
negatives sides of your friends.

Students had to work hard in a collaborative team, thinking creatively and
logically. Text 3 and Text 4 were two sample essays that they wrote based on the
pictures given to them. They could make up such interesting stories with very good
moral lessons. These students to my surprise were able to create such an interesting
plot for each story that they chose. It is another benefit of this activity, developing
creativity and critical thinking, which are two among other twenty-first century skills,
being able to communicate clearly, collaborate with others, think critically, solve
problems, be creative, and be innovative (Binkley et al, 2012).

In this section, the detailed stages of the picture-based narrative writing will also
be discussed. The stages of writing narratives using pictures and comic strips are as
follows. First was the selection of pictures and comics. After selecting the desired
pictures and comics, students began interpreting them in groups. For the third step,
students had to imagine what was happening and complete the comic strips which
had no dialogs. After doing this fourth step, they had to proceed to the fifth step, which
was making an outline of their essay. If they were confused, they could consult with
the lecturer. Finally, they were ready to write their first draft. After they received input
from the lecturer, they did revisions and submitted their final draft. These steps are
described in Figure 2.

From the sample texts above, which were written by the students in collaboration,
it can be seen that students’ creativity and imagination developed throughout the
learning process. The proofs can be seen from students’ pre-tests, post-tests, journals
and interviews results, all of which were presented in this study. In doing the picture-
based activity, students were supposed to think creatively, logically, and
imaginatively to produce a sensible piece of writing. These were the strengths of this
writing process. Despite the grammatical errors that they still made, these students
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showed that they were able to write narrative essays well. Not only did they have to
deal with the plot of their essay, but also how interesting the story was. When done
collaboratively, this work became lighter. Besides learning the skills of writing
narrative essays, students also learned about soft skills, working in collaboration with
others, delving into their imagination, using their creativity, applying logical thinking,
and synthesizing those ideas together with other group members. Figure 1 shows the
flow of stages in this research. Most of the time, students worked collaboratively with
their peers in writing the narratives based on the pictures given.

‘ 9 Choosing one picture and
! one comic strip

Imagining what happened there &
completing dialogs in the comics

Learning
them in
groups

Figure 1. Infographic Picture of the Procedures of Narrative Essay Writing Based on
Pictures/ Comic Strips
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No matter how good a process is, there must be some drawbacks. The same case
happened with this narrative writing using visual images. The main problem
encountered by the students was when they did not have anything in mind. They were
blank and just looked at the pictures as well as the comic strips with no ideas at all.
Thanks to collaborative work, because when some students did not have any ideas in
their minds, other group members could help them by sharing what they had in mind.

From students’ journals, which were submitted after these series of activities were
finished, various responses were given. Mostly, out of 19 students taking the class, 15
students said positive things about it. They mentioned that writing a narrative essay
based on pictures or comic strips was enjoyable, fun, interesting, and challenging. It
developed their imagination as well as creativity. This activity also improved their
grammar and vocabulary. They were in a way ‘forced” to use various adjectives to
describe a situation or a person. However, due to space limitations, opinions from only
five students who were randomly selected are discussed. Described in excerpts 1, 2, 3,
4,5, and 6 are some statements from these students.

Excerpt 1: Student A’s Journal on Picture-Based Stories

It made me play with my imagination more than usual, but we worked
in a group of two. It was easier than working alone. My friend helped me
to make the dialogue into a story. When we played with our imagination,
it increased our new vocabulary and our creativity. It also helped me to
improve my writing skills with the correct grammar.

Student A seemed to enjoy this activity, even though this student was not a
talented writer. She got help from her friends, which was very meaningful for her.
Different from Student A, Student C felt that she enjoyed this activity mainly because
she had to play with her imagination and try hard to make her story interesting for
people.

Excerpt 2: Student C’s Journal on Picture-Based Stories

It's a great idea and I like this activity. It forces you to use your
imagination before you write a story from the picture that you've chosen.
You must see the pictures first and choose your favorite one. There is no
explanation what the picture is about. You have to imagine the right
story for your picture, and after you decide it, write down your story
idea. This activity is really fun and challenging. The pictures are
interesting also contain a mystery. All you need here is just an
imagination and creativity to make it good and people will be interested
with your story.
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Different from his peer students, Student F emphasized that creativity was the key
to doing this exercise. For him, this activity was not a difficult one. This can be seen
from Excerpt 3.

Excerpt 3: Student F’s Journal on Picture-Based Stories

Learning narrative writing through games is very fun and makes
learning become easy to understand. For example, during the picture-
based story activities we had to make a topic sentence based on the
picture. By looking at the picture, we could arrange the story. I think that
was easy to do for everyone. I understood a lot by using this method
because the games could make me think creatively. I liked this method
and I think it was enjoyable for everyone in this class. I think that is my
opinion towards my impression about learning narrative writing
through games.

What this student meant by ‘games” was completing the comic strips with dialogs.
As mentioned earlier, two comic strips were given to the students. One was a series of
pictures of a policeman chasing a speeding car, and the other was a picture of a man
fixing a stroller for his kid. Besides comic strips, mystery pictures were also given to
them. The next opinions presented here come from Student I and Student O.

Excerpt 4: Student Is Journal on Picture-Based Stories

I was very cheerful to work together with my team members. I felt very
happy taking this class. Gladly, 1 kept praying to calm me down,
practicing and studying hard on the difficult parts or when I lacked in
doing those parts. Someday, I will become a better writer in the future.

Student I felt excited and happy taking this class, mainly because her close friends
were in the same class she was in. That was why she had no problems in adjusting
herself with her peer students in the group as well as in interrelating ideas with them.
Another student, Student O, mentioned that this activity made her defeat her boredom
in the classroom. Being a student who was good at fashion design, Student O was
basically an imaginative and creative student. This activity reinforced her being an
imaginative and creative person.

Excerpt 5: Student O’s Journal on Picture-Based Stories

In my opinion, using pictures in the Narrative Writing class was very
interesting and also very helpful to me. This was interesting because
these pictures made me not feel bored. These pictures also made the
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atmosphere more fun. The use of pictures was also very helpful to me
because from the pictures, I came to know about the picture of the story
that 1 would make. These pictures also helped to provoke my imagination
when I was writing. So in my opinion, these pictures were very
important in the writing class. In addition to being fun, it helped reduce
my boredom and also increased my creativity in composing a story.

Apart from the students who enjoyed the learning process using pictures and
comic strips, there were also students who did not enjoy this activity fully. Only three
students mentioned the drawbacks of these activities. Student A, Student H, and
Student P mentioned several things which made them uncomfortable about this, even
though they also admitted that they enjoyed the class. Here is Student A’s statement
about it: “Sometimes I felt confused with the pictures entitled the kid. I thought it made me
confused because in the picture there was a tiger, who was the boy’s friend” (Student A’s
statement in Journal 1).

Student H emphasized the difficulties that she faced. It dealt with interrelating her
ideas with her friends’: “Sadly, when I made the story, I often found some difficulties. The
difficulty that I often found in writing the story was to combine my ideas with my friend’s and
make the story interesting to read.” (Student H's statement in Journal 1). The last student
who did not really like writing based on pictures or comic strips was Student P. She
admitted that actually it was fun. However, she felt tired because she felt that she was
not a creative person:

Excerpt 6: Student P’s Journal on Picture-Based Stories

For me it’s fun sometimes but sometimes it’s tiring because I'm not the
typical person who is creative enough to make a story. It needs a long
time for me to think really hard about the idea, plot, and characters for
the story. Besides that, it’s a bit complicated for me to put the
grammatical structures in writing. I feel that every writing that I make
still has some wrong grammatical structure.

From these three students who did not really like the idea of narrative writing
based on pictures or comic strips, there is at least one thing in common. They all
admitted that the activity was fun and challenging. However, their limitations like
their fear of lack of creativity, difficulty in interrelating ideas, and confusion in making
the plot became obstacles for them to enjoy all the class sessions.

From interviews with two Narrative Writing students, in January 2018, Student B
and Student M who were randomly selected, it was revealed that they faced some
challenges writing narratives based on the pictures given. Student M mentioned that
the main difficulties lied in language problems and coherence in writing the story. She
and her friends tried to seek help from the lecturer, as described in the excerpt below:
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Excerpt 7: Student M’s Journal on Picture-Based Stories

Sometimes, when the students were trying to produce an essay based on
the picture, they found some difficulties. For example, they had already
written an essay well, but the grammar was wrong. People that read that
essay maybe could not understand, because the sentences were very
confusing. The second one, when the students were writing an essay,
they needed conjunctions to connect one sentence with the other
sentence. Sometimes the students could not choose the right conjunction.
If the students found a difficulty like that, they could meet with the
lecturer to ask advice about an essay in how to use good grammar and
conjunctions.

Student B also mentioned that he encountered difficulties in grammar, especially
when there were flashbacks and progressive plots in the same essay. He also got
confused with the tenses to be used, and the diction he should use. Being stuck in
finding ideas was something which made him frustrated. To solve these problems,
Student B tried to use a thesaurus and consulted the lecturer to confirm his sentences.
Besides that, he tried to analyze the pictures carefully, “I tried to analyze and imagine the
pictures in real life. I also tried to connect the pictures with films or animations which I saw
before. Finally, I tried to share my ideas with my partners in my group.”

In summary, it can be concluded that pictures can be used as an effective teaching
aid in narrative writing. This is in line with what Carry (2016) mentioned, in that
students need visual images to help them read and understand texts. This is also
supported by Asrifan (2015), asserting that to boost students” writing abilities, students
need to be creative. Teachers, therefore, need to create an environment which allows
for students’ creativeness, so that students can get involved deeply into the writing
process, and have both passion and compassion to write. They will have no fear or
doubt and will not think that they cannot write. From the quantitative data, these
findings say a lot about students” improvements in their narrative writing scores,
which will be discussed in detail in the next part.

Discussion, Conclusion, and Recommendations

In this part, the process of the essay writing based on visual images from the
beginning till the end, the strengths, the main challenges, as well as the solutions to
the problems are discussed. First, the answers to the two research questions are
discussed. The first question was: How can pictures and comic strips be used to enhance
students’ creativity and ability in narrative writing? It was answered in the previous
section. Starting from the first stage, students worked in pairs or groups of three. They
brainstormed ideas, made outlines, wrote the first drafts, and revised the drafts
together. Each group was given the task to write one narrative essay based on one
comic strip, and one narrative essay based on a mystery picture. The results show that
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these students could be very creative and imaginative in their ideas, as reflected in
their essays.

The second question was: What are students’ perspectives on the use of pictures and
comic series in narrative writing? Out of 19 students in the Professional Narrative
Writing class, only three students had mixed feelings of both excitement and confusion
or tiredness. Their main problems were a lack of ideas, confusion in creating dialogs,
and tiredness of thinking too hard about the characters, plot, conflicts, and dialogs in
the stories. The first and second research questions have thus been answered.

As previously mentioned, similar studies have been done in the area of narrative
writing using pictures. Gutiérrez et al. (2015) conducted experimental research on 20
EFL ninth graders in an urban area of Colombia. After those 16 meetings, the
experimental group improved in their narrative writing. Using pictures helped these
students increase their vocabulary usage. They could utilize words that explained and
evaluated the pictures. The students in the experimental group outperformed the ones
in the control group.

Two other researchers, Ismatuti and Suparno (2012) also conducted research on
junior high school students in Solo, Indonesia. They concluded that their respondents,
SMPN 2 Ampel students, improved in their motivation after being given a picture
series in their writing activity. In the meantime, Aschawir (2014) also did a similar kind
of research on second-semester students of the English Department of the Faculty of
Letters of UMI, Indonesia. From his research, it was found that using picture series
increased experimental group members’ post-test writing scores.

Another piece of research was also conducted by Rayo (2015). He examined the
effectiveness of the use of picture stories to improve verb tenses in the narrative
writing of adult English learners. There were 36 participants from China. From his
study, the results showed that there were no significant improvements in the
experimental group. He found that these learners preferred using the simple past form
over other verb forms in their narrative writing. Another researcher, Asrifan (2015),
conducted an experimental study on 78 senior high school students to find out
whether the use of picture stories could improve students” writing abilities or not. The
findings showed that using pictures enhanced students’ abilities to write narrative
compositions at Public Senior High School (SMAN) 3 in Pare Pare, South Sulawesi,
Indonesia.

Ayuningtyas and Wulyani (2012) conducted action research on the eleventh
graders of Public Senior High School (SMAN) 1 in Srengat Blitar, Indonesia. They
wanted to know how the abilities of eleventh graders in writing narrative texts could
be developed using picture sequences as instructional media. Data were obtained
through two observations checklists, questionnaires, and the students’ writing
products. The findings showed that there were good improvements in terms of
students’ attitudes and writing products. Silva et al. (2017) also reported several
studies involving the use of pictures in different fields of study like physics and
language. Pictures were found to be beneficial in facilitating learning. Students
became motivated and more creative. This present study confirms the previous
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findings that pictures can enhance students’ creativity and critical thinking in
tertiary-level writing.

There were some similarities between this present study and research conducted
by Gutiérrez et al. (2015), Ismatuti and Suparno (2012), Aschawir (2014), Ayuningtyas
and Wulyani (2012), and Rayo (2015). All these studies dealt with the same thing, that
is, the use of picture series in narrative essay writing. This was the red line of both: all
the pieces of research made use of pictures as an aid to boost students’ creativity and
abilities in writing. This present study was different from the previously conducted
ones in terms of the design. This present study was qualitative in nature, while the
others were quantitatively implemented. The educational levels of the participants in
all these different studies were also different. In the above-mentioned studies, all the
participants were from the secondary level, high school students; while in this study,
the participants were tertiary level students.

As seen from the pre-tests and post-tests which were given to the students, there
were improvements in students” writing. From the pre-tests, the lowest score was 40,
while the highest was 87.5, and the average was 54.21. In the post-tests, the lowest was
52.50, the highest was 92.5, with an average of 70.66. It meant that the difference
between the average of the pre-test and post-test results was very big, which was 16.45.
However, there were three students whose pre-tests and post-tests did not have big
differences; they were Student I, Student P, and Student R. Further research needs to
be done to determine the reasons behind this fact.

Table 1

Students’ Pre-test & Post-test Scores
NAMES Pre-test Post-test
Student A 52.50 70.00
Student B 60.00 82.50
Student C 57.50 77.50
Student D 70.00 82.50
Student E 50.00 80.00
Student F 40.00 80.00
Student G 45.00 55.00
Student H 65.00 92.50

Student I 87.50 90.00
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Table 1 Continue

Student J 40.00 60.00
Student K 50.00 57.50
Student L 50.00 70.00
Student M 55.00 70.00
Student N 45.00 55.00
Student O 55.00 65.00
Student P 57.50 60.00
Student Q 50.00 80.00
Student R 50.00 52.50
Student S 50.00 62.50

The student participants in this study also faced some challenges as they revealed
in their journals, and they tried hard to solve their problems. In general, participants
admitted the benefits and enjoyed this picture-based writing activity. They mentioned
that it improved their imagination and creativity, as well as their vocabulary and
writing skills. This activity was also fun, interesting, and engaging.

Besides the benefits of writing narratives using pictures, there were some
drawbacks too. The main difficulties were in interrelating individual ideas with those
of other students. Besides that, some students, especially those who felt that they were
not creative enough, admitted that they faced difficulties in finding ideas, creating the
plot, and developing the characters. They also got confused in writing the story. Thus,
this activity was tiring for them and increased their anxiety. In overcoming those
challenges, students received help from their peer students in the group.

This study acquired data from various methods: students’” texts, journals, scores,
and interviews. From all the data derived in this study, several conclusions can be
drawn. First, visual images are needed to build up students’ imaginative minds. Visual
images here are comic strips and pictures. They are there to facilitate students in
writing narratives. These visual images can be used to stimulate students to be creative
and think logically.

Second, comic strips with empty bubbles and mystery pictures are good media to
enhance their creativity in narrative writing and to sharpen students’ soft skills as well.
Students need to train their soft skills while cooperating with their peers. Expressing
ideas, refusing one’s idea politely, interrelating one’s own idea with others’ ideas,
showing disagreements, suggesting new things, and other skills involving special
social abilities need to be sharpened.
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The last conclusion is that the lecturer should help these learners boost their
creativity, imagination, and logic. Two types of media that can be used are pictures
and comic strips. Hopefully, this piece of research can be useful for other lecturers of
narrative writing, giving a new horizon for lecturers in giving performance-based
assessments as well as sharpening students’ soft skills. Future researchers can conduct
similar research on other writing courses, like Procedural Writing or Creative Writing.
They can also delve into other types of pictures more deeply, or ask students” opinions
on what types of pictures they like best as an aid for them to write narratives.

What was impressive from these fifth semester students was how they could be
creative and imaginative in their writing. I suggest that future researchers conduct
research on narrative writing using more kinds of images to help motivate students to
be creative and think critically, including pictures and videos. Other designs of
research can also be applied like experimental or action research, as conducted by
Gutiérrez et al. (2015), as well as Rayo (2015), and Ayuningtyas and Wulyani (2015).

Further research on collaborative work can also be conducted involving more
participants. Future researchers can also carry out similar studies on different types of
writing, namely Creative Writing or Procedural Writing, to see how effective the teaching
can be when aided with pictures or other forms of visual images. There are some
possible implications in the narrative essay writing teaching and learning process.
Students” imagination and creativity will be built up and enhanced when they are
tasked to write with the help of pictures. Lecturers can also maximize these students’
abilities to transform what is in their minds into a written form.
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Appendix A: The Six-Trait Rubrics (Torres, P., n.d.)

The writer tells about
an interesting
experience, Details help

The writer's
personal voice
creates interest in

Specific nouns, strong
verbs, and well-chosen
modifiers create vivid

Ideas Voice | Word Choice Conventions
5 5 5 5
The narrative tells The writer's voice | The writer's Punctuation and
about an unforgettable | creates an exceptional word grammar are correct.
experience. The details | unforgettable choice captures the The writing is free
make the story truly experience for the | experience. from spelling errors.
memorable. reader.
4 4 4 +

The narrative has a
few minor errors in
punctuation, spelling,

The writer tells about
an interesting
experience. More
details are needed.

The writer’s voice
creates interest in
the story. More
dialogue is needed.

Specific nouns, strong
verbs are used.
Modifiers are needed to
create a clearer picture.

create the interest. the story. Dialogue | pictures and express or grammar.
is used. clear feelings.
3 3 3 3

The writing has
several errors in
punctuation, spelling,
or grammar.

2

The writer needs to
focus on one
experience. Some
details do not relate to
the story.

2

A voice can usually
be heard. More
dialogue is needed.

2

Strong nouns, verbs
and modifiers are
needed to create a clear
picture,

2
Some errors confuse
the reader.

1

The writer needs to
focus on one
experience. Details are
needed.

1
The voice is weak.
Dialogue is needed.

1

General and overused
words do not create a
clear picture.

1

Many errors make
the writing confusing
and hard to read.

Appendix B: The Comic Series

Comic strip 1: The Clowns
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Comic strip 2: The Stroller

Appendix C: The Mystery Pictures
Picture 1: On a Cliff
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Picture 2: The Mysterious Room
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Picture 4: The Cliff
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Introduction

Factors impacting students’ academic success and performance constitute
indicators of the quality of countries’ education systems and determiners of
educational policies in need of change (Alnabhan, Al-Zegoul & Harwell, 2001). It is,
then, only pertinent that educators and policy makers examine these factors. There
are several studies (Laidra, Pullman & Allik, 2006; Rohde & Thompson, 2007;
Stanovich, Cunningham & Freeman, 1984) that accept cognitive capacity as the main
factor influencing students” academic achievement while others (Jenkins & Demaray,
2015) focus on attitudes and behaviors, such as motivation (Linnenbrink & Pintrich,
2002; Schunk & Zimmerman, 1994; Zimmerman, 1998), self-efficacy (Elias & Loomis,
2002; Vrugt, Langereis & Hoogstraten, 1997, Wood & Locke, 1987), study behaviors
(Devine, 1987; Gettinger & Seibert, 2002; Hoover & Patton, 1995), class participation
(Cobb, 1972; Greenwood, Horton, & Utley, 2002; Willingham, Pollack & Lewis, 2002),
and positive social behaviors (Malecki & Elliott, 2002; Wentzel & Watkins, 2002).

The literature indicates that higher education should be compatible with
environmental needs and economic development (Chryssolouris, Mavrikios &
Mourtzis, 2013; Davies, 2017; Marchello, 1987; Sohal, 2013) and should develop
learning enablers, such as personal productivity, flexibility, and lifelong learning
(Avargil, Herscovitz & Dori, 2012; Deaconu, Osoian, Zaharie & Achim, 2014; Mulder,
Gulikers, Wesselink & Biemans, 2009). Competency-based systems first emerged in
the USA in the 1970s (Winterton, 2009, as cited in Deaconu et al., 2014) and Mulder et
al. (2009) state that currently, the US educational system takes the following three
areas as its base: (i) students” acquisition of behavioral learning, (ii) their acquisition
of the basic skills needed for all jobs, and (iii) performance improvement.
Competency understanding in vocational, technical, and higher education also
gained importance in Europe during the 1980s. In the 1990s, significant steps were
taken in Europe through processes implemented first in Lisbon and then Bologna. In
2008, the European Qualifications Framework for Lifelong Learning (EQF) was
formed. Thirty-nine countries, including Turkey, determined their own national
qualifications regulations based on the EQF depending on education level.!

The National Qualifications Framework for Higher Education in Turkey (NQF-
HETR)? determined qualifications to be the knowledge, skills, and competency (i.e.,
responsibility and autonomy) that universities should provide students of any level,
area, and program. The EQF defined knowledge as theoretical and factual, skills as
either cognitive (including logical, intuitive, and creative thinking) or practical
(including manual skills and methods, materials, tools, and the use of tools), and
competency as the student’s ability to apply knowledge and skills independently and
responsibly.

1 For detailed information on the EQF, see: http://www.cedefop.europa.eu/en/events-and-
rojects/ projects/ european-qualifications-framework-eqf

2 For detailed information about Turkey’s National Qualifications Framework, see:
http:/ /tyyc.yok.gov.tr/?pid=10
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Academic competencies indicate a student’s performance as well as the standards
that are used in assessing academic performance (Cole, 1991). DiPerna and Elliott
(1999) describe academic competencies as a multi-dimensional structure necessary
for academic success and include students” skills, attitudes, and behaviors as being
among said competencies. Academic competencies are divided into two main
components, namely, academic knowledge and skills (i.e.,, academic skills) and
academic enablers.? Academic knowledge and skills and academic enablers are
complementary components that work as long as they exist together. In other words,
academic competence is not simply achieved by acquiring academic success through
academic knowledge and skills; instead, it is achieved by also acquiring the tools that
will support learning and the formation and application of academic knowledge and
skills. Those attitudes and behaviors considered to be academic enablers have been
identified as study skills, academic motivation, social relations, and participation
(DiPerna & Elliott, 2002). Similar distinctions are also found in the form of hard and
soft skills, where mostly soft skills are related to business life (Laker & Powell, 2011;
Andrews & Higson, 2008; Schulz, 2008; Kumar & Hsiao, 2007).

During the development of the scale used in this study, several prior studies
related to academic competency and enablers (e.g., Avargil et al. 2012; Deaconu et al.,
2014; DiPerna & Elliot, 1999; Gettinger & Seibert, 2002; Linnenbrink & Pintrich, 2002;
Mulder et al., 2009; Wentzel & Watkins, 2002) were examined, including the 8 key
competencies of the European Commission for lifelong learning? (i.e.,
communication in one’s native language, communication in a foreign language, basic
competencies in mathematic and science/technologies, digital competencies,
learning to learn, social and civic-related competencies, taking initiative and
entrepreneurship, and cultural awareness and expression) and competencies at the
undergraduate level in the NQF-HETRS (i.e., being able to work independently and
take responsibility, learning competency, communication and social competency,
and field-specific competencies).

Higher education must never cease to improve on and strengthen countries’
human resources infrastructure by imparting on students” not only academic skills
but also skills that will serve them in a holistic manner. To this end, Turkey’s higher
education system engages in many activities and supports studies aimed at
improving universities and service quality. A secondary objective is to gauge how
students perceive the many changes that have been made and the many services that
have appeared as a result.

3 In Turkish, there is no word that corresponds to the English word enablers. It is expressed in Turkish in a
way that means something similar to making it possible or facilitating an opportunity.

4 For detailed information, see: https:/ /ec.europa.eu/education/sites/education/files/document-library-
docs/factsheet-key-competences-lifelong-learning_en.pdf

5 For more information on Level 6 (undergraduate education) competencies of the NQF-HETR, see:
http:/ /tyyc.yok.gov.tr/?pid=33
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This study seeks to develop a scale measuring students’ perceptions regarding
how deeply they have acquired or improved in the academic enablers that higher
education institutions endeavor to impart on them. Concordantly, this study is
important in three aspects. Firstly, it will serve as a tool that universities may use to
evaluate students’ perceptions on the academic enablers intended to be imparted on
them during their undergraduate education. Secondly, measuring students’
perceptions will afford practitioners and policymakers valuable data to use in their
respective fields. Thirdly, performing the study with 5,208 students in Istanbul
University renders its reliability and validity strong.

Method
Research Design

This research was planned following a survey model seeking determining the
certain characteristics of a group.

Research Sample

The universe of the research consists of undergraduate students who attended
Istanbul University during the 2015-2016 academic-year. The minimum sample
number required for accurate assessment was calculated as 3,914 with a 99%
confidence level and a 2% margin of error. The sample size consisted of 5,208
students, with an average age of 22, the oldest being born in 1960 and the youngest
being born in 2000. Of the students, 2,742 were female (52.65%) and 2,405 were male
(46.18%).

Research Instruments and Procedures
Development of ASAE

Creation of item pool: A comprehensive literature review was completed on the
qualifications, competencies, and enablers required for and pertaining to higher
education. We furthermore investigated a measurement tool developed for freshmen
students (CIRP; Astin, 1966) in America by the Higher Education Research Institute
(HERI) (Eagen et al., 2015; HERI, 2016a, b, ¢, & d; Pryor, Hurtado, Saenz, Santos, &
Korn, 2007) and measures used in profile studies performed at Cornell, Iowa State,
Oregon State, Michigan, and Indiana universities and Carleton, Bowdoin, and
Ambherst colleges (Cornell University, 2015; Kuh, 2009; Massachusetts Institute of
Technology, 2014). We also examined studies conducted in various European
countries (Bargel, Ramm, & Multrus, 2001; Busse, 2015; University College of
London, n.d.; The Higher Education Economy, 2013), Canada, and Australia (Baik,
Naylor, & Arkoudis, 2015; Canadian University Survey Consortium & Prairie
Research Associates, 2013). Finally, we analyzed studies examining higher education
conducted at universities in China, Russia, and Kyrgyzstan (Centre of Development
and Resources for Students, 2012; lvanov Devlet Universitesi, n.d.; Moskova Devlet
Universitesi, n.d.; Pomor Devlet Universitesi, n.d.).
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Despite the vast number of internationally authored studies on this subject,
similar studies are quite scarce in Turkey (Atasever, 2007; Cicek, Baykul & Keles,
2014; Gizir et al., 2010; Hatipoglu, Acar, Vural Akar & Binay, 2012; Kustepeli &
Gulcan, 2002; Sencar, 2013; Sevuktekin, Nargelecekenler & Cetin, 2012; Yaylali et al.,
2006), conducted mostly in different faculties (Akyurt, 2009; Cevik & Yigit, 2009;
Ozel, 2006; Sahin, 2005; Senol & Tufekci, 2007; Tekin, 2014) and departments (Ekiz,
2006; Yigit, Esenay & Derebent, 2007, Ilgaz & Akdol, 2009; Issi, 2008; Kaya &
Buyukkasap, 2005; Kizilcaoglu, 2003; Senses, 1999).6 The theoretical and practical
reviews have been provided to identify a large number of themes and items to pool
from. The draft form has been created from the item pool.

Receiving and implementing expert opinion: In the second stage, five experts in the
fields of scale evaluation and the educational sciences were consulted to determine
not only the scale’s linguistic and expressive appropriateness but also the suitability
level of each item measuring the selected academic enablers.

Rewriting the items of the scale: In the third stage, the scale items were rewritten
according to the field experts’ recommendations.

Application of the pilot study: In the fourth stage, we performed a pilot study with
314 students after receiving approval from the ethics committee.

Item analysis, exploratory factor analysis: In the fifth stage, the raw state of the scale
was applied to 5,208 students (see Table 1 for sampling design) in Istanbul
University. Consequently, we conducted an exploratory factor analysis in order to
learn its validity and reliability.

Table 1

Sampling Design’

No Faculty Universe Calculated Target  Respon- Frequency

Sample Sample dents Distribution
(%)

1.  Physical Edu. & 601 42.43 42 43 0.8
Sports

2. Cerrahpasa 2,867 200.93 201 229 44
Medicine

3. State 283 18.78 19 21 0.4
Conservatory

4. Dentistry 1,028 72.44 72 72 1.4

6 This is not an exhaustive list of studies on the topic in question.
7 Numbers are based on the 2015-2016 academic year.
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Table 1 Continue

No Faculty Universe  Calculated Target  Respon- Frequency
Sample Sample dents Distribution
(%)
5. Pharmacy 1,144 80.06 80 88 1.7
6.  Literature 13,008 887.94 888 998 19.2
7. Science 4,056 24957 250 295 5.7
8.  F. Nightingale 1,038 73.28 74 79 1.5
Nursing
9.  Hasan Ali Yucel 3,257 227.05 227 239 4.6
Education
10. Law 6,916 487.63 488 515 9.9
11. Economics 10,992 757.40 757 611 11.7
12. Theology 4,173 257.62 258 313 6.0
13. Communication 3,775 263.76 264 173 3.3
14. Istanbul 3,111 219.50 220 225 43
Medicine
15. Management 2,726 182.08 182 203 3.9
16. Engineering 7,504 500.06 500 558 10.7
17.  Forestry 1,863 131.53 132 139 2.7
18. Health Sciences 1,372 96.51 97 106 2.0
19. Political Sciences 2,114 132.09 132 157 3.0
20. Fisheries 370 18.92 19 27 5
21. Transport 401 28.24 28 29 .6
& Logistics
22.  Veterinary 1,005 70.95 71 88 1.7
Medicine

Total 70,987 4,998.76 5,001 5,208 100
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Validity and Reliability:

Exploratory Factor Analysis (EFA): The data obtained from respondents were
subject to both a Kaiser-Meyer-Olkin (KMO) Test of Sampling Adequacy and
Barlett’s Test of Sphericity to assess suitability. The KMO index ranges from 0 to 1. So
that respondent data may be considered suitable for factor analysis, not only should
the KMO index be .50 or greater, Barlett’s Test of Sphericity should be significant (p <
.05) (Hair, Anderson, Tatham & Black, 1995). The KMO value was .93 and Barlett’s
test results (2 = 7,521.998; SD = 190; p < .001) were significant, meaning that the
correlation matrix is suitable for an exploratory factor analysis to be conducted on it.
While a factor load of .45 or greater is considered, .30 is often accepted (Otrar &
Argin, 2015). In this study, .30 was accepted as the lower cut-off point for factor
loading. A three-factor ASAE explaining 51% of the total variance emerged as a
result of the factor analysis. The scale was found to consist of 20 items and item-total
correlations ranged from .44 to .77. The factor loads related to sub-factors are given
in Table 2.

Table 2
Factor Loads Related to the Sub-factors (n=5,208)

Factor 1: Learning Competencies Rotated Item-Total
Factor Load Correlation

I have established a relationship between the events I .56 44
encounter in daily life and what I have learned.

I have had the opportunity to learn how to work .48 .52
independently.

I have developed a positive attitude toward life-long .67 .59
learning.

I check what I have written in order to develop my .61 .66
writing skills.

I question the reliability and quality of the informationI .74 .51
receive.

I try to find alternative solutions to problems. 77 .63
I have reviewed scientific research and articles. .60 .62
I have had the opportunity to take responsibility. .64 .54

Eigenvalue = 7.17 Variance explained = 35.85%
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Table 2 Continue

Rotated Item-Total

Factor 2: Communication & Social Competencies .
P Factor Load Correlation

I communicate with one or more faculty members .53 .59
through email.

I work with my friends on class projects. .55 .65
I have received advice from a faculty member after class. .61 .50
I participate in in-class discussions. .67 .62
I have worked with students on a project outside of class. .63 .60
I have had the opportunity to develop my computer .44 .60
skills.

I have given an oral presentation on an issue facing .65 .58
society.

I have asked a faculty member questions in class. .50 .64

Eigenvalue = 1.75 Variance explained = 8.76%

Factor 3: Homework & Responsibility Competencies

I have done homework after gathering information and .67 .62
ideas from different sources.

I have done homework in an electronic environment. .66 .70
I come to class with my homework complete. 74 .64
I turn in my homework on time. .82 .58

Eigenvalue = 1.31 Variance explained = 6.53%
KMO =0.93 Bartlett’s Test of Sphericity (y2 =7,521.998; SD = 190)

Using factors’ content as a basis, the first sub-factor was named Learning
Competencies (LC) and consists of 8 items. Items’ factor loading ranged from .48 to .77.
The factor’s eigenvalue was 7.17, which corresponded to 35.85% of the total variance.
The second sub-factor was named Communication and Social Competencies (C&SC) and
consisted of 8 items. Items’ factor loadings ranged from .44 and .67. The eigenvalue
of the factor was 1.75, which corresponds to 8.76% of the total variance. The third
sub-factor was named Homework and Responsibility Competencies (H&RC) and
consisted of 4 items. Items’ factor loads ranged between .58 and .70. The eigenvalue
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of the factor was 1.31, which corresponded to 6.53% of the total variance. These three
factors together explained 51% of the total variance.

Cronbach Alpha values related to the sub-factors are given in Table 3. In Table 3,
it is seen that the Cronbach Alpha values for the sub-factor LC was .842, the sub-
factor C&SC was .802, and the sub-factor H&RC was .813. Additionally, Cronbach’s
alpha value for ASAE was .904.

Table 3
Cronbach’s Alpha Values for the Scale’s Sub-factors (n=5208)

Factor Cronbach’s Alpha Value
1.LC 842
2. C&SC .802
3. H&RC 813
Total .904

After the reliability tests were conducted, an independent sample t-test was
performed with the scores of those students who had scored in both the upper and
lower 25 percentile. The t-test sought to determine both items” discriminating power
and whether participants’ answers to the items differed by group (Ergin, 1995). The
results showed the differences for all groups to be statistically significant (p < .001)
and that this difference favored the upper 25-percentile group (see Table 4).

Table 4
ASAE Scores by the Upper and Lower 25 Percentiles
t- test
S S
Score Groups n X g hx t 5
D p
Lower 1,152 17.72 382 .11
1.LC -14313 2,436 .000

Upper 1,286 3591 235 .07

Lower 1,247 11.89 227 .06

2.C&SC -156.20 2,687  .000
Upper 1,442 30.03 351 .09

Lower 1,197 6.30 1.93 .06

3. H&RC -17712 2,774 .000
Upper 1,579 17.62 143 .04

Lower 1,310 4012 759 21
Total

Scal 14642 2580 .00
cate Upper 1272 8121 663 .19
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Lastly, the Pearson product-moment correlation analysis showed a positive and
significant relationship (p < 0.001) between factors. In other words, all factors contain
the same structure (see Table 5).

Table 5

Pearson Product-Moment Correlations

Factors C&SC H&RC Total

LC .603* .534* .858*

C&SC 616* .888*

H&RC .790*
*p <.001

Data Analysis

The data obtained were analyzed using IBM SPSS 21. We performed a descriptive
analysis to devise evaluation criteria for academic enablers, an independent t-test to
determine whether the mean scores differed by gender, and an ANOVA to ascertain
whether the scores differed by faculty. Moreover, we conducted a post hoc
Bonferroni® test to determine the origin of the differences observed.

Results
The mean and standard deviation scores related to the ASAE are given in Table 6.
ASAE scores were, by sub-dimension, I:"1'_':=27.52, $=6.93) in LC, I:"1'_':=21.13, s=7.21) in
C&SC, and Ii"1'_':=12.75, s=4.45) in H&RC. ASAE scores in general were Ii"1'_':=61.17,
5=15.92).

8 Post hoc results are not mentioned due to the limit on words allowed. However, the researchers are able to
share them upon request.
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Table 6
ASAE Results (n=5,208)

Sub-dimensions ¥ SD
1.LC 27.5 6.93
2.C&SC 211 7.21
3. H&RC 12.7 4.45
ASAE (Total Scale) 61.1 15.92

Table 7 illustrates that there is a significant difference in ASAE scores (t =7.49; p <

.001) by gender in favor of women (-1'{“,0merl = 62.74; K oen = 59.43). There are also

significant differences in LC (¢ = 6.58; p < .001) in favor of women (-1'{Women = 28.13;

X pen = 26.86) and in H&RC (t = 13.44; p < .001) also in favor women (*-women = 13.53;

K pen= 11.87). That being said, however, no significant difference between men or

women was found in C&SC (t = 1.62; p > .05).

Table 7
ASAE Scores by Gender (n=5,208)

t-Test
Measure Groups n ¥ SS Sh, t SD P
ASAE Females 2,742 6274 15.80 .30 7.49 5,145 .000
Males 2,405 5943 15.83 32
LC Females 2,698 2813 6.89 13 6.58 5,060 .000
Males 2364 2686  6.89 14
C&SC Females 2,686  21.29 7.20 14 1.62 5,024 105
Males 2,340 2096 7.22 15
H&RC Females 2,699  13.53 433 .08 1344 5,048 .000
Males 2,351  11.87 4.42 .09

Table 8 depicts the ANOVA results showing that mean scores differed
statistically by faculty in the ASAE (F = 42.82; p < .001). Specifically, students in the
Faculty of Education obtained the highest scores whereas students attending the
Faculty of Law earned the lowest scores.
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Table 8
ANOVA Results of the ASAE by Faculty (n=5,208)

1, X & SS Values ANOVA Results

Group — Var.

(Faculty) n X S5 L KT SD KO F p
Cerrahpasa

Medicine

229 5329 16.95 194,960.61 21 9,283.84 42.82 .000

Between
groups

State
=
Conservatory 5y 538 1778 & § 112435539 5186 21681
2 B
Dentistry _
[+
72 56.56 13.76 E 1,319,316 5,207
Pharmacy 88 54.15 15.08
Literature 998 65.62 15.40
Science 295 59.80 16.61
Nursing 79 67.66 15.10
Education 239 71.79 13.19
Law 515 48.89 14.06
Economy 611 55.60 15.27
Theology 313 6743 13.01
Communication 173 62.66 15.05
Istanbul
. . 225 59.05 15.01
Medicine
Management 203 6529 13.32
Engineering 558 6328 13.71
Forestry 139 66.92 13.31
Health Sciences 106 62.44 13.78
Political 157 6326 1492
Sciences

Sports Sciences 43 67.44 12.09

Fisheries 27 65.37 13.90
Shipping & 5 5976 1340
Logistics

Veterinary 88 60.44 15.47

Total 5208 6117 1592
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Sub-dimensions” mean scores were also evaluated by faculty and were found to
differ statistically by faculty in LC (F = 16.68; p < .001) (see Table 9) in C&SC (F =
43.58; p < .001) (see Table 10), and in H&RC (F = 66.61; p < .001) (see Table 11).
Students of the Faculty of Education scored the highest in all three sub-dimensions.
On the other hand, pharmacy students scored the lowest in LC and law students the
lowest in C&SC and H&RC.

Table 9
One-Way ANOVA Results for LC by Faculty

f, X & 5SS Values ANOVA Results

Group — Var

(Faculty) n X SS K. KT SD KO F P

Cerrahpasa -

o . )

Medicine 26 2472 698 3 & 1581332 21 753.02  16.68  .000
2 &

State

Conservatory = &

21 27.14 828 = g 230,20651 5100 4514

¢

Dentistry —

72 2551 6.88 E 246,019.83 5,121

Pharmacy 86 24.67 7.37

Literature 982 29.38 6.86

Science 288 26.72 7.9

Nursing 78 2912 6.74

Education 238  30.65 5.73

Law 510 2585 7.23

Economy 598 2589 6.88

Theology 306 3037 5.99

Communication 169  27.74 6.66

Istanbul

Medicine 225  26.60 6.80

Business 201 27.50 6.34

Engineering 542 26,56 6.51

Forestry 134 2825 559

Health Sciences 105 26.87 6.61

Political 156 2889 645

Sciences

Sports Sciences 42 28.79 5.94

Fisheries 26 28.77 5.79

Transport & 29 2486 744

Logistics

Veterinary 88 2731  6.74

Total 5122 2752 6.93
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Table 10

One-Way ANOVA Results for C&SC by Faculty

£, X & 55 Values ANOVA Results

((;;‘Zifty) n ¥ ss Xar KT  SD KO F P

Cerrahpasa .

Medicine 29 1774 712 § B 4048686 21 192795 4358 000
25

State g2

Conservatory 20 2410 7.89 ggﬂ 224,018.75 5064 44.24

Dentistry =

72 1790 6.40 ;5 264,505.61 5085

Pharmacy 87 18.09 6.56

Literature 973 2228 7.09

Science 284 21.56 7.29

Nursing 78 2424 648

Education 231 2599 6.52

Law 509 15.38 6.02

Economics 593 18.77  6.89

Theology 305 2319 6.09

Communication 168 2191 740

;it:;‘i]ﬁe 23 1970 651

Business 201 23.53 6.24

Engineering 539 23.45 6.02

Forestry 135 2453 6.33

Health Sciences 102 2222 568

g:ll;ﬁ‘é:i 153 2114  6.86

Sports Sciences 43 2521 524

Fisheries 26 23.15 6.89

giﬁ;‘i’;ﬁzﬁon 28 2146 687

Veterinary 87 20.59 7.37

Total 5086 2113 7.21
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Table 11
One-Way ANOVA Results for H&RC by Faculty

f, X & SS Values ANOVA Results
Group = Var.
(Faculty) n X SS K. KT SD KO F P
Cerrahpasa § 2 21,796.59 21 1,037.93 66.61 .000
Medicine 26 1082 516 £ 8

2 0
State 79,269.22 5,087 15.58

groups

o
Conservatory 21 1424 443 ‘;:

Dentistry - 1320 3.67 TE 101,065.81 5,108
Pharmacy 85 11.75 341
Literature 972 1431 4.03
Science 289 11.98 4.32
Nursing 77 14.82  3.67
Education 236 15.21 3.28
Law 510 773  4.02
Economics 598 11.28 445
Theology 306 14.28 3.29
Communication 171 1321 4.04
iﬁgﬁ;ﬂe 23 1278 387
Business 202 1426 3.32
Engineering 544 13.61 3.50
Forestry 135 1470  3.49
Health Sciences 106 1355 3.35
g:llelgzzl 152 1353 4.08

Sports Sciences 43 13.49 3.10
Fisheries 27 13.67 3.46

Transport &

Logistics 28 13.86 4.16

Veterinary 87 1259 4.23
Total 5109 12.75 445
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Discussion, Conclusion and Recommendations

This study has aimed to develop a valid and reliable scale that can be used to
measure competencies and, more specifically, the academic enablers identified by the
NQF-HETR that students are expected to acquire during their undergraduate
education. To determine the structure validity of the 20-item ASAE an exploratory
factor analysis was conducted using varimax rotation. As a result, we ascertained
there to be three factors that account for 51% of the total variance. Factor load values
for each item in the scale vary between 0.44 and 0.82. These dimensions were defined
as leaning competencies, communication and social competencies, and homework and
responsibility competencies. Cronbach’s alpha reliability value related to the ASAE was
0.90 and the three factors have a Cronbach’s alpha value greater than 0.80, indicating
both the scale as a whole and its dimensions to be internally consistent. The
differences for all groups were found to be statistically significant (p < .001) as a
result of the factor-based discriminant analysis we conducted. Item-total correlation
coefficients ranged between 044 and 0.70, and item-remainder correlation
coefficients between 0.43 and 0.65. In other words, they are all above the general
acceptance of 0.20. An examination of the correlation among the three factors led to
the meaningful and positive relations to be stated statistically. The existence of high
and positive relations not only indicates that the scale consists of independent factors
but also proves that they have the same structure.

As a result, the 20-item ASAE was prepared in the form of a five-point Likert
scale from 1 = “never” to 5 = “always.” In other words, no items were reverse coded.
A total score is obtained from the scale, and this score shows at what level students
are considered to have acquired the academic enablers in question from their
university.

According to findings, the Assessment Scale of Academic Enablers is valid,
reliable, and suitable for understanding to what degree students have acquired or
developed the academic enablers that the NQF-HETR requires universities to impart
on them during their undergraduate education. The scale will provide universities
with detailed information on how to identify the strengths and weaknesses of their
institutions in imparting academic enablers and how to establish or reestablish the
link between academia and employment.
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Akademik Yetkinlik Araclar1 Degerlendirme Olgegi: Gegerlik ve
Giivenirlik Caligmasi1

Atif:

Akbiyik, M., & Senturk, M. (2019). Assessment scale of academic enablers: A validity
and reliability study. Eurasian Journal of Educational Research, 80, 225-250, DOI:
10.14689/ ejer.2019.80.11

Ozet

Problem Durumu: Ulkelerin egitim sistemlerinin kalitelerinin bir gostergesi ve egitim
politikalarinda degisim ihtiyacinin belirleyicileri olmalar1 sebebiyle 6grencilerin
akademik basarilari1i  ve akademik performanslarimi etkileyen faktorler
incelenmelidir. Akademik yetkinlik (academic competencies) hem bir Ogrencinin
performansint hem de bu performans: degerlendirmek tizere kullanilan standartlar:
isaret ederken; akademik yetkinlik akademik basar: i¢in gerekli olan ve &grencinin
beceri, tutum ve davranislarini iceren ¢ok boyutlu bir yapidir. Akademik yetkinlik,
“akademik bilgi ve beceri” (yani temel akademik ve(ya) uygulamali bilissel bilgi ve
beceriler) ile “akademik yetkinlik araglar1” (yani bu bilgi ve beceriyi edinmesine
katk: saglayacak tutum ve davranislar) seklinde iki temel bilesenden olusmaktadir.
Yetkinlik temelli sistem ilk defa 1970’lerde ABD’de is performansini lgmeye yonelik
uygulamalarin mevcut ekonomik cercevede basarisiz olmasi sebebiyle ortaya
cikarken; 1990’larda, ©nce Lisbon ardindan Bologna stirecleri ile Avrupa’da
yiiksekogretimde yeterlilik konusunda énemli adimlar atilmistir. 2008’de ise Avrupa
Yasam Boyu Ogrenme Yeterlilikler Cergevesi (European Qualifications Framework for
Lifelong Learning_EQF) olusturulmustur. Tiirkiye’de dahil olmak tizere 39 iilke, kendi
ulusal yeterlilik cercevelerini EQF’i temel alarak, farkli egitim kademelerine gore
belirlemistir. Tiirkiye Yiiksekogretim Yeterlilikler Cercevesi (TYYC) ile 6grencilerin
herhangi bir programdan mezun olana kadar kazanmalar1 gereken bilgi (knowledge),
beceri (skills) ve yetkinlikler (responsibility & autonomy) olusturulur. EQF’te
sorumluluk ve 6zerklik olarak adlandirilan bu baslik Tiirkiye'de yetkinlik seklinde
kullanilmaktadir. Olgek gelistirme siirecinde, TYYC de yer alan bilgi ve beceri alt
basliklar1 yerine sadece “yetkinlikler” alt bashgt ve altinda yer alan
ifadeler/maddeler dahil edilmistir. Bunun sebebi hem bilgi ve becerilerin alan ve
program temelli olmasi ve genellenebilirliginin diisitk olmasi hem de yetkinlikler
altindaki tutum ve davranislarin {iniversite ve istihdam iligkisini giiclendirmesi, bu
yetkinliklerin &zellikle 21. ytizyil becerileri ile temelden iliskili olmasidir. Olcegi
isimlendirirken akademik yetkinlikler yerine “akademik yetkinlik araclar1” ifadesini
kullanmay1 tercih edilmesindeki sebep ise olcekte yer alan maddelerin uluslararasi
literatiirdeki yetkinlik (competencies) kavraminin akademik bilgi ve beceri ile
birlikte tamamlayicist olan akademik yetkinlik araclar1 (enablers) kavramina karsilik
gelmesidir.
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Aragtrmanmin - Amaci:  Bu  aragtirmanin  amaci,  {iniversite  dgrencilerinin
yiiksekogretimde kazandirilmasi ya da gelistirilmesi hedeflenen akademik yetkinlik
araclarini ne diizeyde kazandiklar1 ya da gelistirdiklerine yonelik algilarini 6lgen bir
olcek gelistirmektir.

Arastirmamin Yontemi:  Arastirmamn  evrenini  2015-2016 yilinda  Istanbul
Universitesi'nde dort yillik fakiiltelerde (tip fakiilteleri de dahil edilmistir) 6grenim
goren Tiirkiye Cumhuriyeti vatandas: lisans 6grencileri olusturmaktadir. %99 giiven
seviyesi, %2 hata pay1 dikkate almarak yapilan hesaplamada asgari 6rneklem sayisi
3914 olarak hesaplanmustir. Uygulama sonucunda, en yaslt 6grencinin 1960 ve en
genc Ogrencinin 2000 dogumlu oldugu ve ortalama yasmn 22 bulundugu 5208
dgrenciden olusmaktadir. Ogrencilerin 2742'sinin (%52,65) kadin, 2405’inin (%46,18)
erkek oldugu goriilmektedir. Turkiye Yiiksekogretim Kurumunun EQF temelinde
gelistirdigi ulusal yeterlilikler cercevesinde belirledigi ve 6grencilerin lisans egitimleri
stirecinde gelistirmesini bekledigi yetkinlikleri dlgmede kullanilabilecek gegerli ve
guvenilir bir veri toplama aracinin gelistirilmesi amaciyla hazirlanmis olan
Akademik Yetkinlik Araglari Degerlendirme Olgegi (AYADO) 20 maddeden
olusmaktadir. “1=Hi¢” ve “5= Her Firsatta” seklinde puanlanmaktadir. Ters
puanlanan bir madde yer almamaktadir. Olgekten toplam bir skor elde edilmekte, bu
skor oOgrencinin {iniversitesinden akademik yetkinlik araclarmi ne diizeyde
kazandigini/edindigini diistindiigtinii gostermektedir.

Aragtirmamn Bulgulari: Yapilan acimlayici faktor analizi sonucunda olgekte yer alan
maddeler; Ogrenme Yetkinligi, fletisim ve Sosyal Yetkinlik ve Odev ve Sorumluluk
Yetkinligi basliklar: altinda ti¢ faktére yiiklenmistir. Bu ti¢ faktdr toplam varyansin
%51'ni agiklamaktadir. Varimax rotasyon sonucunda maddelerin faktor ytikleri 0.44 -
0.82 arasinda degismektedir. Olgegin biitiinii icin Cronbach Alpha degeri 0.90"d1r. Alt
basliklarin Cronbach Alpha degerinin 0.80 tizerinde olmasi hem 6lgegin biitiin olarak
hem de alt boyutlarin kendi icinde tutarli oldugunu gostermektedir. Faktor bazinda
ayirt edicilik analizinde tim gruplar icin farkliliklarin istatistiksel oldugu (p<.001)
goriilmiistiir. Madde toplam korelasyon katsayilar: 0.44-0.70 arasinda; madde kalan
korelasyon katsayilar1 0.43-0.65 arasindadir. Faktorler arasi iliskileri belirlemek tizere
yapilan korelasyon analizi sonucunda tim faktorler kendi arasinda ve tim
faktorlerle toplam puan arasinda pozitif yonde p<.001 diizeyinde anlaml bir iliski
oldugu bulunmustur. Bu sonu¢ da olgekteki tiim faktdrlerin ayni yapi icinde
olduklarim kamitlamaktadir. Olgek ve alt 6lgek puanlarmimn cinsiyet ve fakiilte
bazinda karsilastirmali analizleri de yapilmistir. AYADO puanlart cinsiyet
degiskenine gore anlamli bir fark gostermistir (t=7,49; p<,001). S6z konusu farklilik
kadinlarin lehinedir (Ikadm=62,74; Ierkek=59,43). Ogrenme yetkinligi alt 6lgegi (t=6,58;
p<,001) ile 6dev ve sorumluluk yetkinligi alt 6lgegi (t=13,44; p<,001) puanlarinin da
cinsiyete gore anlaml sekilde farklilastign goriilmiistiir. S6z konusu farklilik grenme

yetkinligi alt 6lcegi (""i kadin=28,13; }ierkek=26,86) icin de, 6dev ve sorumluluk yetkinligi

alt olgegi (};kadm=13,53; (};erkek=11,87) icin de kadinlarin lehinedir. Ancak iletisim ve
sosyal yetkinlik alt 6l¢egi puanlarmin cinsiyete gore istatiksel olarak anlamli bir
farklilik gostermemistir (t=1,62; p>,05). Fakiiltelere gore Akademik Yetkinlik Araglar:
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Degerlendirme Olgegi puanlar1 dikkate alindiginda fakiilte farki gozetmeksizin
orneklemdeki ogrencilerin akademik yeterlilikler 6lgegine iliskin aritmetik

ortalamalari (I) 61,17 (ss=15,92) olarak elde edilmistir. AYADO puanlar fakiilte
degiskenine gore anlamli fark gostermistir (F=42,82; p<,001); en ytiksek ortalama
Hasan Ali Ytcel Egitim Fakiiltesi, en dtisiik ortalamaya Hukuk Fakiiltesi
ogrencilerinindir. Fakiiltelere gore de alt 6lgekler yine ayri ayri degerlendirilmistir.
Ogrenme yetkinligi (F=16,68; p<,001), iletisim ve sosyal yetkinlikler (F=43,58; p<,001)
ve ddev ve sorumluluklar yetkinligi (F=66,61; p<,001) alt olcekleri puanlar: icin
fakiiltelerin aritmetik ortalamalar1 arasindaki fark istatistiksel olarak anlamlidur.

Arastirmanin Sonug ve Onerileri: Olgege iliskin verilen istatistiksel skorlar ile cinsiyet
ve ozellikle fakiiltelere yonelik karsilastirmali analizler, dlcegin TYYC ne bagli olarak
lisans diizeyinde egitim veren yiiksekogretim kurumlar: tarafindan, bu kurumlarin
ogrencilere kazandirmakla (ya da 6grencilerde hali hazirda var olan bu beceri, tutum
ve davranislarini gelistirmekle) sorumlu olduklar1 temel akademik yetkinlik
araclarini 6grenciye ne diizeyde kazandirdiklarimi anlamak, yine bu kurumlarmn
akademik basariy1 destekleyen araglari kazandirma siirecindeki zayif ve giicli
yanlarini belirlemek ve akademi-istihdam iligskisindeki halkalar1 islevsel olarak
olusturmak/yeniden yapilandirmak amaciyla kullanilabilecek gecerli ve giivenilir
bir arag¢ oldugunu gostermektedir.

Anahtar Kelimeler: Akademik yetkinlik, akademik yeterlilik, yiiksekdgretimde
yeterlilikler, tiniversite, kalite.
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Article in an Internet-only journal/Periodical, database

Fredrickson, B. L. (2000, March 7). Cultivating positive emotions to optimize
health and well being. Prevention & Treatment, 3, Article 0001a. Retrieved
November 20, 2000, from
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