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Abstract

The aim of this study was conducted to evaluate chemistry education in the context of the
elements that form the learning environment. The weights of learning environment components
were determined by Analytic Hierarchy Process. The significance levels of learning environment
dimensions were also calculated. According to the findings of the study, the order of the relative
weights of personal interest was found as the highest weighted component. Among the
components of the learning environment, the second-order weight is competition, participation in
the third place, teacher support in the fourth and innovation in the last component. In addition,
the global weights of sub-component was calculated. The evaluations study was conducted to
evaluate the 9th grade chemistry course learning environment based on the opinion of the teacher
who works as the head of chemistry course in a high school in Ankara were indicated that 61.8%
of the chemistry course in the research has a medium learning level.
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Contribution of this paper to the literature
This study contributes to the existing literature by investigating the learning environment for
a chemistry course in high school based on chemistry teacher’s opinions.

1. Introduction

There are many factors that determine the sustainability and development of human species in the historical
process (Gungor, 1998; Oziisen and Yildiz, 2012). However, when the gains and accumulations in human history
are taken into consideration, education which is a product of human and invention (Bircan, 2018) has a primary
role. As a matter of fact, when we look at it from the macro perspective, it is seen that education is the main tool
used by mankind to maintain its existence and improve the quality of life on our planet. As a living species, human
beings have used the method of education to produce and acquire what was given to them by nature. Education has
been the basic behavior that distinguishes human beings from other living things. The production, protection,
reproduction and use of the information transferred from the prehistoric man to the present has been possible
through education. The main reason why education is functional for human beings is due to the suitability of
human nature to education. In other words, when compared to other living things on the planet we live in, the
educable potential of the unique superiority of human beings is more (Sisman, 2007; Bircan, 2018). With the
discovery of the qualification of being educable, the sustainability of human beings in the historical process has
become more powerful and developmental than other creatures. It shows that the functionalities of education and
the acquisitions of human beings are possible with the learning phenomenon of various cultures and civilizations
formed in the historical process.

In the literature, it is stated that one of the explanatory variables is the learning environment when the
scientific studies aimed at explaining the learning phenomenon and realizing the learning are examined (Demirtas
et al., 2015). The learning environment defines the choice of teaching method that will enable learning to take
place, the design of the appropriate teaching environment, the execution of the planned activities and the evaluation
of the whole process (Keser and Ali, 2002). The specificity of the learning environment principles and rules, the
criteria of reward and encouragement, the ability of the teacher, the behavior of participation in the lesson, norms,
physical environment characteristics, as well as the relationship pattern between stakeholders, in other words,
between managers, students, teachers, school, and family. These characteristics affect students' academic
knowledge, attitudes and behaviors in different ways (Kose and Kucukoglu, 2009). The learning environment has
an impact on the achievement of the intended education, in other words, on the realization of learning effectiveness.
As a matter of fact, there is the opinion that learning is not dependent only on the learner and the teacher in the
constructivism philosophy which forms the basis of the Turkish education system today. At the same time, learning
environments are decisive in the realization of learning (Giallousi et al, 2010; Demirtas e al, 2015). From this
point of view, the issue of learning environments has been the subject of numerous studies in terms of various
contexts and variables.

In the review of literature, it was seen that learning environment was the subject of studies in the contexts of
students, teachers, teaching program, classroom environment, and school environment (Telli ez al., 2009; Den Brok
et al., 2010; Tuncer et al., 2012; Schreglman and Mengi, 2013; Demirtas et al., 2015; Ozerem and Akkoyunlu, 2015;
Tunca, 2015; Aydogdu and AY, 2016). The studies on the learning environment were conducted with a descriptive
and relational approach. Although the studies in the literature have provided important findings and information
on the learning environment and the effectiveness of education, there are some issues that may be the subject of
research. One is how to assess the appropriateness of the learning environment for the intended education with a
holistic approach. A systematic evaluation of the level of appropriateness of the learning environment to the
targeted education is a necessary study in order to determine the effectiveness of the given education objectively.
However, it can be stated that the model to allow the evaluation of the education given in the context of learning
environment should contain some characteristics. The first is that the learning environment assessment model
needs to be inclusive and holistic because the nature of the learning environment is composed of many different
components with various natures. Therefore, the model for assessing the learning environment should allow for a
multi-dimensional assessment. As a matter of fact, in the literature review, it is seen that the solution and
evaluation of the problems which have a multi-dimensional structure were made with multi criteria approaches
(Vaidya and Kumar, 2006; Melon et al, 2008). Another issue that should be mentioned is that the learning
environment assessment model should be capable of providing data and information on the level of acceptability of
education in terms of effectiveness. However, a model with these characteristics may be able to evaluate the
education given in the context of learning environment. Considering the above-mentioned issues in the assessment
of the learning environment is important for the realization of the effectiveness of education. As Kiigiikozer et al.
(2012) stated, it is important to create an environment suitable for its purpose, analyze the learning environment
with appropriate methods, identify the deficiencies and improve the learning environment.

Based on the above considerations, the main purpose of this study is to provide an analytical model for
evaluating chemistry education in the context of the elements that make up the learning environment. The first of
the sub-objectives of the study is to determine the importance levels of the elements that constitute the learning
environment within the learning environment with a holistic approach that takes other elements into
consideration. The second sub-objective of the study is to evaluate chemistry education according to the elements
of the learning environment in the opinion of the teacher who works as the head of the chemistry course in a high
school in Ankara.

2. Method
In this study, the content of 9th grade chemistry course constitutes the scope of the study in relation to the

evaluation of chemistry education on the basis of learning environment. The analysis unit of the study is a 9th
grade chemistry course learning environment in a public school in Ankara. In the study, the analysis of the
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learning environment was structured with a multi-criteria model. Approaches of multi-criterion studies in the
literature were taken as basis in the formation of the model for the evaluation of chemistry education according to
the learning environment (Yiiksel and Dagdeviren, 2006; Yiiksel and Geban, 2015).

The assessment of chemistry education in the context of learning environment was carried out with the
Analytical Hierarchy Process (AHP). The reason for using AHP (Saaty, 1980) technique in this study is its
suitability to the purpose and characteristics of the problem. Since the assessment of the learning environment
requires a multidimensional analysis and evaluation, AHP, which has a multidimensional characteristic, was used in
the study. AHP was developed by Saaty (1980) as a multi-criteria decision making technique. AHP technique is a
multi-criteria decision making approach with mathematical axioms (Saaty, 1980; 1986; 1991; 1994).

It is possible to solve the problems that are multidimensional and hierarchical in nature by AHP technique.
Therefore, in order to solve a problem in AHP technique, firstly the hierarchical model which expresses the
structure of the problem should be determined. For this purpose, the components that constitute the nature of the
problem are determined first. Components and sub-components or alternatives are categorized at hierarchical
levels to form a model (Saaty, 1990). Another process in AHP technique is to make binary comparisons according
to component and subcomponents in the model representing the problem. The relative weights of each component
can be calculated by means of matrices created as a result of binary comparisons in AHP. Comparison of the two
components 1" and 'J.' in AHP is defined as aj. In contrast, the comparison of the 'j." component with the i
component is represented by the term aj. Another feature is that the term aij corresponds to aj (aj = 1 / aij).
However, aj is # 0 (Vashishtha and Ramachandran, 2006). In AHP, the scale given in Table 1 (Saaty, 1980) is used
for binary comparisons (Yiiksel and Geban, 2018). The reason for using AHP (Saaty, 1980) technique in this study
is its suitability to the purpose and characteristics of the problem.

Table-1. Importance levels in binary comparisons.

ajj Definition Explanation
1 Equal importance Two activities contribute equally to the objective
3 Weak importance An activity is favored very slightly over another
5 Strong importance An activity is favored strongly over another
7 Very strong or demonstrated importance An activity is favored very strongly over another
9 Extreme importance The evidence favoring one activity over another is
of the highest possible order of affirmation
2,4.,6,8 Intermediate values Used when necessary

In AHP, the matrices determined as a result of binary comparisons of the elements contained in the model are
square (nxn) matrices. In each binary comparison matrix, a size-dependent comparison is performed. The weight of
one element of the binary comparison matrix is calculated by the equation (A- Anax I) W = 0. In the equation, “A”
refers to matrix and “W” refers to eigenvector. “Amax” term, on the other hand, represents “A”s eigenvalue (Chou ez
al., 2004).

Another feature of AHP is the ability to calculate the consistency of comparisons. This feature predicts that
the comparisons will be consistent. Consistency is based on the logical consistency of comparisons. For this,
inconsistency levels of matrices are calculated. To do this, consistency index (C.I) is calculated first. The
consistency index is obtained by the equation (Amax—n)/(n-1). In this equation, “n” refers to the dimension of binary
comparison matrix. Following the calculation of consistency index, the inconsistency ratio (IR) is obtained by
(C.I)/(R.I) (Saaty, 1977; Ananda and Herath, 2003; Herath, 2004). The random index (R.I) value in the equation
differs according to the size of the binary comparison matrix. If the calculated inconsistency value is less than 0.10,
it means that significant comparisons are made (Saaty, 1994; Cheng and Li, 2007). Otherwise, as there is
inconsistency in binary comparisons, binary comparisons are performed again. When the elements (n) of the
comparison matrices are large (n>5), the calculations are performed with the Expert Choice (2000) decision-
making program.

There are many scales developed in the literature to evaluate learning environments (Keser and Ali, 2002;
Kose and Kucukoglu, 2009; Giallousi et al., 2010; Kiigiikozer et al, 2012; Valdez, 2012; Schreglman and Mengi,
2013). In this study, the scale developed by Giallousi et al. (2010) was used. The main reason for this is that the
scale was prepared for chemistry course. The scale consists of a total of 28 items collected under five dimensions.

The dimensions and items related to the learning environment are:

2.1. Innovation (IN)
Trying out new ideas in the classroom (IN1).
Using new and different teaching methods in the classroom (IN2).
Teacher’s liking students who try original projects (IN3).
Teacher’s producing new and interesting activities for students to do (IN4).
Teacher’s giving lecture notes in chemistry class (IN5).

2.2. Personal Relevance (PR)
Learning about the world outside the school (PI1).
New learning beginnings are problems with the world outside the school (PI2).
Learning how chemistry is a part of life outside the school (P13).
Better understanding of the environment outside the school (PI4).
Learning interesting things about the world outside the school (P15).

2.3. Competitrveness (CP)

Being stressful when competing with schoolmates (CP1).
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Making huge efforts to get the highest grades (CP2).

Chemistry grades being very important for students (CP3).
Taking notes of classmates into consideration (CP4).

Working hard to get high grades (CP5).

The class’s sometimes being divided into competing groups (CP6).

2.4. Participation (PT)
Discussion of ideas in the classroom (PT1).
Speaking of ideas during class discussion (PT2).
Teacher’s asking questions (PT3).
Using ideas and suggestions in the class discussion process (PT4).
Asking questions to the teacher (PT5).
Explaining their thoughts to other students (PT6).
Discussion of the solution of the problems related to mathematical calculations with the student (PT7).
Asking students how to solve mathematical problems (PT8).

2.5. Teacher Support ('T'S)

Teacher's effort to help the student (TS1).

Teacher's consideration of the student's views (TS2).

Teacher's help in case of problems during study (TS3).

Teacher’s talking with the student ('T'S4).

Teacher's interest in student's problems ('T'S5).

Teacher's questions help the student understand (T'S6).

Data for the study were gathered in two ways. The first one was the data provided by the expert group in
determining the relative weight of the learning environment dimensions and sub-dimensions covered by the
Analytical Hierarchy Process model proposed in the study. The opinions of the expert group were used in the
binary comparisons of the components and sub-components in the AHP model. The expert group made the
evaluations with the scale (Saaty, 1980; Yiiksel and Geban, 2018) given in Table 1. The expert group of the
research consisted of two experienced chemistry teachers who gave 9th grade chemistry lessons and the author of
the study. The second data required for the study was obtained from the answers given to a scale consisting of 28
items for the 9th grade chemistry course learning environment of an experienced chemistry teacher working as the
head of chemistry course in a high school in Ankara. In this study, the evaluations of the experienced chemistry
teacher who worked as the head of the chemistry course for the learning environment items were made with the
scale given in Table 2 (Yiiksel, 2012).

Table-2. Evaluation scale.

Current status level Level value
Certainly acceptable (CA) 1.00
Acceptable (AC) 0.75
Satisfactory(SA) 0.50
Not satisfactory (NS) 0.25
Certainly unacceptable (CU) 0.00

3. Results

In the study, the weights of learning environment components were determined by Analytic Hierarchy
Process. In addition, the significance levels of the 28 learning environment sub-dimensions were also calculated.
The consistency levels of the pairwise comparisons, which are the basis for the calculation of the weights of the
dimensions and the sub-dimensions, were calculated and the consistency levels of the paired comparisons in the
study were found to be acceptable.

In the study, the matrix and the results for determining the weights of the learning environment components
were given in Table 3. When the weights of learning environment components were examined, personal interest
was found as the highest weighted component. Among the components of the learning environment, the second-
order weight is competition, participation in the third place, teacher support in the fourth and innovation in the last
component. Consistency ratio of the components of the learning environment was found to be acceptable (0.08).

Table-3. Components of learning environment.

Components IN| PR | CP | PT | TS | Local weight
Innovation (IN) 1 | 1/5 | 1/5 | 1/5 | 1/3 0.046
Personal relevance (PR) 1 3 3 5 0.444
Competitiveness (CP) 1 3 3 0.260
Participation (PT) 1 3 0.166
Teacher support (TS) 1 0.085

CR: 0.08

Comparisons and calculated weights of the learning environment sub-components were presented in Table 4-8.
The relative weights and consistency ratios (CR) of the subcomponents were given in these tables.

491

© 2019 by the authors; licensee Asian Online Journal Publishing Group



Asian Journal of Education and Training, 2019, 5(3): 488-494

Table-4. Innovation.

Components IN1 | IN2 | IN3 | IN4 | IN5 | Local weight
Trying out new ideas in the classroom (IN1) 1 2 3 2 5 0.362
Using new and different teaching methods in the 1 3 3 5 0.804
classroom (IN2)
Teacher’s liking students who try original projects (IN3) 1 1/8 3 0.104
Teacher’s producing new and interesting activities for 1 3 0.177
students to do (IN4)
Teacher’s giving lecture notes in chemistry class (IN5) 1 0.053
CR: 0.06.
Table-5. Personal relevance
Components PR1 | PR2 | PR3 | PR4 | PR5 Local weight
Learning about the world outside the school (PI1) 1 1 1/8 1/5 1/8 0.077
New learning beginnings are problems with the 1 1 1/3 1/5 0.091
world outside the school (PI2)
Learning how chemistry is a part of life outside 1 1/3 1/5 0.120
the school (P13)
Better understanding of the environment outside 1 1 0.831
the school (P14)
Learning interesting things about the world 1 0.382
outside the school (P15)
CR: 0.05.

Table-6. Competitiveness.

Components CP1 | CP2 | CP3 | CP4 | CP5 | CP6 | Local weight
Being stressful when competing with 1 5 3 5 5 7 0.452
schoolmates (CP1)
Making huge efforts to get the highest 1 3 3 3 5 0.211
grades (CP2)
chemistry grades being very important for 1 3 3 5 0.152
students (CP3)
Taking notes of classmates into 1 3 3 0.090
consideration (CP4)
Working hard to get high grades (CP5) 1 3 0.062
The class’s sometimes being divided into 1 0.034
competing groups (CP6)

CR: 0.09.

Table-7. Participation.

Components PT1 | PT2 | PT3 | PT4 | PT5 | PTe | PT7 | PT8 | Local weight
Discussion of ideas in the classroom 1 1 5 1 5 1 5 5 0.198
(PT1)

Speaking of ideas during class 1 5 1 5 1 5 5 0.198
discussion (PT2)

Teacher’s asking questions (PT3) 1 1/5 | 1/5 | 1/5 3 3 0.045
Using ideas and suggestions in the 1 5 1/3 5 5 0.181
class discussion process (PT4)

Asking questions to the teacher 1 1/5 5 5 0.087
(PT5)

Explaining their thoughts to other 1 5 3 0.231
students (PT6)

Discussion of the solution of the 1 1 0.028
problems related to mathematical

calculations with the student (PT7)

Asking students how to solve 1 0.032
mathematical problems (PT8)

CR: 0.10.

Table-8. Teacher support.

Components TS1 | TS2 | TS8 | TS4 | TS5 | TS6 | Local weight
Teacher's effort to help the student (TS1) 1 1/5 | 1/8 | 1/8 | 1/8 | 1/3 0.047
Teacher's consideration of the student's views 1 5 5 3 3 0.438
(TS2)
Teacher's help in case of problems during study 1 5 3 3 0.229
(TS3)
Teacher’s talking with the student (T'S4) 1 1 1 0.086
Teacher's interest in student's problems (T'S5) 1 1 0.100
Teacher's questions help the student understand 1 0.100
(T'Se6)

CR: 0.08.

In the study, the global weights of subcomponents calculated as a result of binary comparisons are given in the
fourth column of Table 9. The evaluations made by the head of the chemistry class in the school, where the study
was conducted to evaluate the 9th grade chemistry course learning environment, were indicated in the fifth and
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sixth columns of Table 9. In the fifth column, the current status level of the learning environment sub-component
and in the sixth column were given the corresponding numerical value. In the last column of Table 9, the
evaluation level of each learning environment sub-component was calculated. In the last line of Table 9 is the
general level of assessment of the chemistry course within the study. According to the findings of this study, the
calculated value is 0.618. It can be said that this value indicates that 61.8% of the chemistry course in the research
has a medium learning level. As a matter of fact, according to the model proposed in this study, the maximum
value that can be taken in the assessment of learning environment is 1.00 and the minimum value is 0. Therefore,
as the result of the evaluation approaches 1.00, it is understood that there is an acceptable learning environment.

Table-9. Evaluation of chemistry education according to learning environment.

Components and weights of S Local weights Ge'neral el Rl uation

learning environment ubcomponents weights status V) level
(GW) (GWxV)

Innovation (IN) IN1 0.362 0.017 AC 0.75 0.013
0.046 IN2 0.304 0.014 AC 0.75 0.011
INs 0.104 0.005 CA 1.00 0.005
IN4 0.177 0.008 AC 0.75 0.006
IN5 0.053 0.002 CA 1.00 0.002
Personal relevance (PR) PR1 0.077 0.084 AC 0.75 0.026
0.444 PR2 0.091 0.040 SA 0.50 0.020
PRs 0.120 0.053 SA 0.50 0.027
PR4 0.331 0.147 NS 0.25 0.037
PR5 0.382 0.169 SA 0.50 0.085
Competitiveness (CP) CP1 0.452 0.117 CA 1.00 0.117
0.260 CP2 0.211 0.055 AC 0.75 0.041
CPs 0.152 0.040 AC 0.75 0.030
CP4 0.090 0.023 ACS 0.75 0.017
CPs 0.062 0.016 SA 0.50 0.008
CP6 0.034 0.009 CU 0.00 0.000
Participation (PT) PT1 0.198 0.033 AC 0.75 0.025
0.166 PT2 0.198 0.033 AC 0.75 0.025
PTs 0.045 0.007 CA 1.00 0.007
PT4 0.181 0.030 SA 0.50 0.015
PTs5 0.087 0.014 CA 1.00 0.014
PTe6 0.231 0.038 NS 0.25 0.010
PT7 0.028 0.005 CA 1.00 0.005
PTs 0.082 0.005 CA 1.00 0.005
Teacher support (TS) TS1 0.047 0.004 CA 1.00 0.004
0.085 TS2 0.438 0.037 AC 0.75 0.028
TSs 0.229 0.019 CA 1.00 0.019
TS4 0.086 0.007 AC 0.75 0.005
TS5 0.100 0.008 CA 1.00 0.008
TSe 0.100 0.008 AC 0.75 0.006
Total 0.618

4. Discussion and Conclusion

According to the results of the study, it was seen that the learning environment for a chemistry course can be
evaluated in detail with the proposed analytical model. In the study, the proposed model for the assessment of the
learning environment was found to be functional and gave meaningful results. As a matter of fact, it was observed
that the pattern of a learning environment can be formed with the model proposed and evaluated with a
mathematical approach on the basis of the pattern. With the methodically proposed model, it can be said that it is
possible to evaluate the learning environments related to courses in other fields of science. However, the results
obtained as a result of the analysis of the data produced within the scope of this study are limited to the class in the
study. It is an expected result that different research data and application results of the model may differ.
Therefore, it is important to consider this limitation in the interpretation of the results of the study. Another aspect
is the analysis techniques used by the proposed model. In this study, one of the components and sub-components of
the model representing the learning environment is assumed to be independent of each other. But one of the
components and sub-components that make up the learning environment may be related to each other. Therefore,
this issue needs to be taken into consideration in the creation of a learning environment model. In the following
studies, it can be said that studies that take into consideration the relationship between the learning environments
between the components or the sub-components can be done with the Analytical Network Process method.
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