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The aim of this study was to investigate the effect of students’ concept mapping on their physics 
achievement and attitudes toward physics lesson. Participants were 58 ninth-grade students from the 
two classes enrolled to general physics course in a high school in Turkey. One of the classes was 
randomly chosen as experimental group (28), constructed electricity concept map and the other was 
control (30) group, did not receive any presentation on concept mapping. Data were collected via the 
pre- and post-administration of the Physics Achievement Electricity Test (PAET) and Concept Maps 
Attitude Scale towards Physics (CMASTP). The study conducted in six weeks in a class that met two 
times a week. The material covered was about electricity. Results showed that while there were no 
significant differences in the attitude and achievement between the experimental and control groups. 
However, the experimental group students were observed to have a tendency of more positive attitude 
than the control group students. Results also showed that drawing concept map instruction was more 
effective than traditional instruction in improving physics achievement of the participating students.  
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INTRODUCTION 
 
Determining students’ success, need to be assessed. 
Recent years studies examining individual differences in 
learning are most popular. Applied assessment should 
have greater importance for students to able to show 
their personal potential. From this aspect, concept maps 
become an essential tool. Concept maps can be used as 
a dependable, current assessment method and as a 
research tool, which gives a great advantage on 
academic studies (Novak and Gowin, 1984). Concept 
maps can also be seen as a way map, which represents 
the relation between concepts with a graphical 
representation. In 1972, Novak started to apply this 
essential method. Concept maps enable us to simplify 
and present theoretical ideas on graphical content. This 
tool will prevent memorizing, which is very common 
method on our education system and will promote 
sensible learning. Sensible learning creates a logical 
meaning by an individual between the new information 
that has learned by previous education and establishes a 
complete meaning. Memorizing learning creates 
misunderstanding or inability to connection between the 
students’ previous and new learned knowledge. Rote 
memorization promotes fear of learning because it is ir-
relevant to their own experiences. In addition, information 

learned by rote in the absence of connections with 
previously acquired frameworks is largely forgotten 
(Novak, 1998). So that, the aim of education must be to 
develop educational experiences that make easy 
meaningful learning and reduce the need for rote 
learning. Ausubel (1968) describes meaningful learning 
as the establishment of non-willing relations towards 
concepts and if learners choose to relate new information 
to ideas meaningful learning is achieved (Novak, 1998). 
Students’ performances and interests about science 
courses are reducing (Markow and Lonning, 1998). 
Secondary school and college students’ knowledge of 
science is often characterized by lack of coherence and 
the majority of students engage in essentially rote 
learning (BouJaoude and Barakat, 2000). Conceptual 
nature of science seems to be particularly difficult for 
students and teaching methods and techniques do not 
seem to make the learning process sufficiently easy for 
students (Gabel, 1999). Cmap tools provides a variety of 
features that make it possible for teachers to use concept 
maps for a variety of the tasks that students perform 
(Cañas and Novak, 2005). 

Physics education starts in the fourth grade as science 
and technology courses and it continues all  through  high  



 
 
 
 
school in Turkey. The new Science and Technology class 
programme according to the new education curriculum 
aims to promote students to create a connection between 
in class-learned knowledge with the daily life events. 
Science as subject based on skeptic approach and 
research. At the roots of science lays the ability to explain 
or make nature events explainable with a constructive 
approach. Critical and constructive can be enabled if the 
student takes an active role in class (Balım et al., 2008). 
According to Matson (2006), teaching science based on 
questioning, that is, the period of questioning the 
universe’s nature and its creation. Concept maps have 
been used as assessment tools (Ingec, 2009) and 
curriculum planning tools (Ambe and Reid-Griffin, 2009; 
Kane and Trochim, 2007; Kinchin and Alias, 2005). 
Teaching programs that enable students to learn by 
seeing, living, creating and relating previous knowledge 
with the new learned knowledge, aims to breed 
individuals that can reach and research for information 
and eventually individuals that can produce new 
information. All these reasons forced our education 
system to move away from learning trough memorizing 
and replace the system with a new Science and 
Technology. Teaching programme, which aims to grow 
individuals that question the problems they face and bring 
solution, question their being in the natures they live in. 
The Ministry of National Education in Turkey emphasizes 
“teaching the means (methods, styles, or strategies) of 
learning” in the first, second and third years of high 
school (Turkish Ministry of National Education, 1992). 
This study is about the effects of concept mapping on 
students’ achievement and attitude in a physics course.  
 
 
Concept mapping 
 
Concept mapping is a teaching and learning strategy that 
establishes a bridge between how people learn 
knowledge and sensible learning. Students need to have 
sufficient foundation and a critical thinking about concept 
mapping and the relations between different concepts. 
Concept mapping promises to be useful in enhancing 
meaningful learning and students’ conceptual 
understanding in Science and Physics (Novak and 
Gowin, 1984). Many science educators have recognized 
the importance of arranging instruction in order of 
assessment and Shavelson and Baxter (Shavelson et al., 
1993) advised that such an arrangement is developed if 
concept mapping is settled within the curriculum. Thus, in 
the recent studies students were taught how to make 
concept maps as part of regular classroom instruction in 
a progressive manner using techniques similar to those 
suggested by White and Gunstone (1992). It was also 
expected that students’ learning of mapping skills would 
be made easy by using concept maps as part of 
instruction (Anderson and Huang, 1989).  

Concept maps are constructed by writing concepts and  
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linking them by labeled lines. The labels are important 
because they require whoever is making the map to 
actively select convenient linking words. The links need 
to make sense and to be real links between the two 
concepts; they need to show the two concepts in some 
meaningful way (Novak and Gowin, 1984). Constructivist-
based teaching involves students actively in constructing 
their own maps (Markow and Lonning, 1998). Horton et 
al. (1993) came to a decision that concept mapping 
generally had positive effects on both students’ 
achievement and attitude and concept mapping has been 
determined to help students’ meaningful learning by 
helping them to see the links between scientific concepts 
(Fisher et al., 2000). For this purpose Novak and Gowin 
(1983) developed Concept maps based on Ausubel’s 
‘Learning Theory’. Concept mapping also has been 
reported to improve students’ collaborative learning 
(Sizmur and Osbourne, 1997). Ruiz-Primo and 
Shavelson (1996) described the concept-map assess-
ments in a framework with three dimensions: a task that 
invites students to provide evidence for their knowledge 
structure in a wealthy area, an answer form that students 
use in order to do the task and a scoring system that the 
researchers can use in order to evaluate students’ 
answers. Ruiz-Primo and Shavelson pointed out that 
reliability and validity of information about different 
mapping techniques should be supplied before concept 
maps are used for assessment. Researchers examined 
scores for interrater reliability (Schacter et al., 1999); 
stability (Lay-Dopyera and Beyerbach, 1983); convergent 
validity the correlation between concept map score and 
other assessment score in the same wealthy area (Rice 
et al., 1998); predictive validity (Acton et al., 1994); 
equivalence of different scoring methods (McClure et al., 
1999; Rice et al., 1998) and equivalence of different 
concept-map tasks. Concept maps are often used on 
planning and assessing the teaching-learning process 
while individual construction occurs (Erdo�an, 2000; 
Merrienboer, 2001) Concept mapping as a method to 
build explicit links and relations between concepts, as a 
study tool that I used as personal learning tool 
(Johnstone and Otis, 2006) and as an opportunity for 
students to construct maps using their own terms (Horton 
et al., 1993), is expected to stimulate the construction of 
integrated knowledge structures leading students to 
achieve higher in tests that measure high cognitive 
levels. 

There is continued interest in improving learning 
activities in science education in primary and high 
schools. The new physics curricula have been in use for 
two years in high schools; but it is not known whether it is 
useful or not. One of the most significant innovations in 
the physics curricula is about constructivist learning 
methods and concept teaching. Concept maps are 
encouraged to be used as both a teaching tool and an 
assessment tool for high school physics education by 
MEB. In  the  present  study,  we  performed  in  the  high  
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school concept maps method was not being used in 
physics courses curriculum in Turkey. Thus we did such 
a research about concept mapping which were used to 
provide an alternative for teaching physics courses in the 
classroom. In addition, the effect of concept mapping at 
physics courses was investigated. 

The main purpose of this study was to examine the 
effects of concept mapping method on students’ physics 
achievement and attitudes towards physics. The research 
questions investigated in this study were as follows: 
 
1. Is there any effect of concept mapping method on 
students’ physics achievement scores? 
2. Is there any effect of concept mapping method on 
students’ attitudes toward physics? 
 
 
MATERIALS AND METHODS  
 
Subjects 
 
Participants in this study were 58 grade 9 physics students from co-
educational state secondary school students from two classes of a 
general physics course taught by the same teacher in Turkey. For 
the purposes of the study, one of two instructional methods was 
randomly assigned to each class. This study is a comparative 
research that employed an experimental group and a second group 
that was taught in a more traditional teacher-centered manner 
(called the control group). The subjects were 58 students (33 boys, 
25 girls, average age 16 years) from two 9th grade classes. One 
class (n = 28, 15 boys and 13 girls) was assigned as a concept 
mapping group and the other (n = 30, 18 boys and 12 girls) as the 
control group. The students were similar in socioeconomic status 
with the majority of them coming from middle- to upper-class 
families. The school is a large co-educational school based in a city 
with a roll of about 1200 students. There are about 52 teachers and 
11 science teachers. Science is seen as an important subject for 
the school and is strongly supported by teachers, school 
administration and families. Normal instruction in the school is 
strongly teacher-dominated with a lecture type format typical and 
students passively learning, writing notes and reading textbook 
material. The teacher who implemented the concept mapping, the 
usual teacher for electricity physics for the 9th grade in the school, 
was a male with 7 years of teaching experience. Electricity physics 
is taught initially in the 8th year of Turkish elementary schools (age 
range 7 - 14). However, in the first year of secondary school (that is, 
9th grade, age range 14 - 16), these concepts are re-visited and 
expanded upon. But in the new secondary high school physics 
curriculum, electricity is taught, in the second year of secondary 
school (that is, 10th grade, age range 15 - 17). The unit electricity 
and magnetism is the last unit in general physics curriculum for the 
second grade of secondary school is presented in the 10th grade. 
But at the old secondary high school physics curriculum for the first 
grade of secondary school is presented in the 9th grade. And also 
we put into practice this concept mapping study for the old 
secondary high school physics curriculum in 2007. The data 
analyzed for this research were taken from 28 students participating 
in the experimental group using the concept maps and 30 students 
participating in the control group receiving traditional instruction. 
 
 
Instruments 
 
Physics achievement electricity test (PAET)s  
 
The   dependent   variable  in  this  study  is  the  students’ physics  

 
 
 
 
achievement. Two tests were used to measure achievement. One 
of the tests measured students’ pre-requisite knowledge in topics 
related to the ones covered during the study (Appendix A presents 
examples of the questions used in the pretest). The second test 
measured student achievement at the conclusion of the study 
(Appendix B presents examples of the questions used in the 
posttest). According to Willerman and MacHarg (1991), a test must 
be at the comprehension level and above in order to measure 
meaningful learning. Consequently, many items on the 
achievement tests used in this study were at the comprehension 
level or above. The pre-test assessed students’ achievement in 
electricity. The post-test also assessed students’ achievement 
electricity. An education faculty member, a physics teacher and a 
physics education mastery student were provided with the 
objectives based on which the lesson plans and tests were 
designed along with a detailed description. Differences in 
classification were discussed among the faculty members, teacher 
and mastery student and the researcher in order to reach 
consensus. The reliability KR-20 of the pretest was 0.82 while that 
of the posttest was 0.83. The two researchers and the physics 
teacher of the control group corrected the achievement tests based 
on a detailed, agreed upon, common key.  
 
 
Concept maps attitude scale towards physics (CMASTP) as a 
school subject  
 
Concept Maps Attitude scale is used to determine the attitude of the 
students towards the Physics course before the application and to 
see whether there is a significant difference in their attitude towards 
the physics course as a result of the implemented methods. This 
Concept Maps Attitude scale was developed by the researcher. It 
was used to measure student’s attitudes toward Physics as a 
school subject. The target of the questions was towards students’ 
interests related to the importance of subjects taught by the teacher 
in the classroom. This scale consisted of 17 items in 5 point likert 
type scale (absolutely agree, agree, do not sure, do not agree, 
absolutely do not agree). The Cronbach’s reliability coefficient was 
found 0.84 for CMASTP. The scale was not developed with 
subscales in mind because it included a small size of items and all 
items were related to students’ attitudes toward Physics subjects 
taught in school. Some items from the scale are; Concept Maps are 
helped to establish relations between concepts, Using Concept 
Maps at the lessons are increased my achievements, Concept 
Maps are made the complicated subjects more comprehensible, I 
want Concept Maps to use very frequently at the lessons science is 
my favorite area and I love using Concept Maps. 
 
  
Concept map scoring rubric 
 
Researchers have determined concern about concept map scoring 
systems and their connected validity and reliability. Generally, 
reliability data reported in studies using concept maps are in the 
form of interrater reliabilities (Ruiz-Primo and Shavelson, 1996). As 
previously mentioned, the two researchers scoring maps in the 
current study demonstrated an interrater agreement of 98%. This 
level of agreement using a scoring method focusing on the 
correctness of students’ declarative knowledge rather than on 
counting parts of the maps such as branches and levels of 
hierarchy is surprisingly high (Ruiz-Primo and Shavelson, 1996) 
and provides strong evidence of the consistency of the scoring 
method. They approval methods that use expert maps as referents 
and emphasize the use of correct concept relationships in forming 
scores, which have been found to relations with performance on 
standardized tests. Ruiz-Primo and Shavelson (1996) described the 
use of expert maps produced by the teacher, as standard for 
scoring concept maps. Jonassen (2006) contended, "Learners have  
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Table 1. The distribution of participants according to gender and groups. 
 

 Control group Experimental group Total 
Gender n (%) n (%)  
Male 18 60 15 54 33 
Female 12 40 13 46 25 
Total 30 52 28 48 58 

 

n: number of participants in groups; %: percentage of participants in groups. 
 
 
 
to think like teachers"; he cited research showing that the degree of 
similarity between the learners' and instructor's knowledge 
structures. The construction and use of scoring rubrics is easily 
within the reach of science teachers and their students. There are 
also three steps for effectively using scoring rubrics. The first step is 
teachers decide the final end products from an inquiry activity that 
will be submitted for a grade. The second step; students must 
perform expected tasks, behaviors and tasks. Points are assigned 
based on the level of students’ concerning. Teachers can use less-
detailed rubrics called five point scale but performance expectations 
are open to less subjectivity or interpretation. The third step; 
Teachers assume full responsibility for grading. Some of the 
teachers are comfortable with this method, but some of them want 
to explore alternative methods (Eddie and Claudia, 2004). The 
teacher used an expert concept map (Appendix C) and a scoring 
rubric (Appendix D) to oversee students when constructing concept 
maps. The scoring rubric used to combine the qualitative analysis 
of framework structure and the quantitative analysis of links, in 
order to provide a valuable tool to highlight the key characteristics 
of concept maps. The approach to concept map scoring in the 
study represents a distinct departure from traditional methods that 
focus on characteristics such as hierarchy and branching. A large 
body of research has demonstrated the utility of such methods in 
the assessment of higher-level learning outcomes.  

Kinchin et al. (2000) classification put forward the qualitative 
“spoke-chain-net“ to describe the radical changes in a concept 
map. In addition, the degree of valid crosslink age, the amount of 
branching and the hierarchical structure are included in the analysis 
because they reflect associative and super ordinate-subordinate 
categorical relationships among concepts. The concept maps have 
three dimensions of quantitative analysis: The links’ validity, 
convergence and salience. McClure, Sonak and Suen (1999) 
expressed that links in the map is the most reliable scoring way. 
The most difficult problem which students have got reveals a good 
deal of depth understanding. In the scoring rubric, each proposition 
is scored from zero to three; If any of the essential concepts were 
missing, the students’ knowledge of the concepts could not be 
determined. Students then received a score of zero and zero is 
assigned to invalid links, the links that were constructed based on 
false knowledge. The link that connects interrelated concept is 
assigned one but that misses the label. The link that is scientifically 
correct is two point and has a possible label indicated, but does not 
explicit the direction. If students had all of the pertinent links and 
correct answer concepts somewhere on their map, they received a 
score of 3 that is, nothing was missing. The correctly labeled links 
with the directions clearly by an arrow is three points. Convergence 
measures the extent to which the possible links are actualized in 
the students’ maps. The convergence score is computed as the 
number of the valid links in a map divided by the number of all 
possible links as derived from the expert map. Finally, salience 
measures the plenty of valid links. Salience is computed as the 
number of valid links divided by the number of all links in a 
student’s map (BouJaoude and Attieh, 2008). This result compares 
very favorably with those reported in the literature on scoring 

concept maps (Ruiz-Primo and Shavelson, 1996; Shavelson et al., 
1993). 
 
 
Treatment 
 
This study was conducted over a 12 lecture hours. The 
experimental (Concept mapping) and control (traditional) groups 
were pre-tested using a teacher-constructed physics achievement 
pretest (Appendix A). The study was extended over six weeks. The 
class met two times per week. The material covered was electricity 
which involves electric current, resistor, electrical energy, electrical 
power, voltage, electrical energy, voltage, electrical circuit, 
luminosity of lamps and electromotor force (e.m.f.). At the end of 
the treatment period, the students were post-tested (Appendix B). 
Study participants were randomly assigned to two classes. One 
teacher trained the experimental group to construct concept maps 
as homework and the same teacher taught the control group in 
which students covered the same physics content with rote learning 
as training lectures. Teaching with concept maps was being used at 
grade 4, 5 and 6 students in 2007 while grade 7, 8 and 9 students 
are not used in official curriculum. The teacher followed a teaching 
pacing chart which contained a detailed description of the content 
and teaching methods to construct concept map in experimental 
class. Students in the control group completed traditional learning 
method during the six weeks of the study. The treatment period was 
divided in to two parts. The first part consisted of one week during 
which the experimental group students were explained what 
concept maps were. The second part consisted of six weeks during 
which the experimental group students were required to submit 
concept map constructed by using the concepts taught in class. 
These assignments were scored and students were provided with 
detailed feedback. Teacher did not give the topics from the concept 
maps during the courses. Students in the control group completed 
traditional homework assignments during the six weeks of the 
study. The average achievement of the two classes was equivalent 
during the first semester of the academic year. At the end of the 
treatment period, both the experimental and control group students 
took the posttest and concept maps attitude Scale at the same 
time.�The participants according to gender and groups are shown in 
Table 1. 
 
 
RESULTS 
 
Pretest 
 
Based on the data obtained by the PAET, the students’ 
mean and standard deviation for pretest scores for 
experimental and control groups were shown in Table 2. 
The mean score of the pretest for the experimental group 
was found to be  26.01,  while  that  of  the  control  group
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Table 2. Means and standard deviations for the results of the PAET prior to treatment. 
 

Groups Control group Experimental group 
Measures N Mean SD N Mean SD t p 
PAET 30 20.83 4.42 28 26.01 2.92 4.19 0.56 

 
 
 

Table 3. Analysis of variance for group-gender interactions for the results of 
the PAET prior to treatment. 
 

Source SS df MS F 
Gender 1.56 1 0.33 0.002 
Group 186.0 1 186.0 1.35 
Gender × Group 147.7 1 147.7 3.54 

 
 
 

Table 4. Means and standard deviations of males and females for the results of the PAET prior to treatment. 
 

Control group Experimental group 
Gender N Mean SD N Mean SD 
Male 18 18.56 8.35 15 25.52 492 
Female 12 20.71 9.56 13 27.32 3.43 

 
 
 
was found to be 20.83 out of a maximum possible score 
of 56. A independent sample t-test result showed that 
there were no significant differences between the two 
groups (t = 0.56, p > 0.05). Table 2 shows that the scores 
of the experimental group were consistently higher than 
those of the control group while the standard deviations 
were consistently lower. Analysis of Variance for Group-
Gender Interactions for the results of the PAET prior to 
treatment  is shown in the Table 3.  

Another test was conducted to investigate whether or 
not there were group-sex interactions. To investigate 
group-sex interactions a two-way ANOVA was conducted 
with sex and group as the two variables. Table 3 shows 
that there was a significant interaction between group 
and sex. To find the sources of the interaction, the means 
of males and females on the pre-test for the control and 
experimental group were calculated (Table 4).  

Table 4 shows that the scores of males in the control 
group were lower than those of the females. The mean of 
the females in the experimental group was 16% higher 
than that of the females in the control group, while the 
mean of the males did not differ significantly between 
groups. The mean of the males in the control group and 
the females in the experimental group are higher than the 
other groups and also they have nearly the same values. 
 
 
Posttest 
 
Because there were no significant differences on the 
pretest, it was assumed that the two groups started out 

with equivalent means. Table 5 presents the means and 
standard deviations of the posttest results for the control 
and experimental groups. These results include the 
scores on the physics achievement post-test. At the post-
PAET treatment the maximum possible score is 56. A t-
test for independent samples was carried out to test 
whether the experimental and control groups differed 
significantly on the post-test achievement in physics (Tot-
post). Significant differences were found (t = 1.55, p < 
0.05). In addition, a t-test for independent samples was 
carried out to test whether the scores of the experimental 
and control groups differed significantly on the questions 
at PAET. Table 5 shows that the scores of the 
experimental group were consistently higher than those 
of the control group while the standard deviations were 
consistently lower. Based on the data obtained by the 
PAET, the students’ mean and standard deviation for 
post test scores for experimental and control groups were 
shown in Table 5 

The independent samples t-test was used to determine 
whether there was a statistically significant mean 
difference between experimental and control groups for 
the Post-PAET at 0.05 levels. There was a significant 
difference between the mean scores of groups with 
respect to previous achievement test (t (58) = 1.49; 
p<0.05). At the post-PAET treatment the maximum 
possible score is 56. A comparison was carried out to see 
whether there were differences between the means for 
groups on the physics achievement Post-test. Table 5 
shows that the mean of the Physics Achievement Post-
test in the experimental group is  higher  than  that  in  the
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Table 5. Means and standard deviations for overall differences in PAET after the treatment. 
 
Groups Control group Experimental group 
Measures N Mean SD N Mean SD t p 
PAET 30 28.53 2.21 28 37.76 1.32 1.49 0.00 

 
 

Table 6. Analysis of variance for group-gender interactions for the results of the 
PAET after the treatment. 
 

Source SS df MS F 
Gender 0.33 1 0.33 0.002 
Group 195.95 1 195.95 1.00 
Gender X Group 167.67 1 167.67 2.12 

 
 

Table 7. Means and standard deviations of males and females for overall differences in 
PAET after the treatment. 
 

Control group Experimental group 
Gender N Mean SD  N Mean SD 

Male 18 30.07 5.04  15 40.56 4.86 
Female 12 27.22 8.23  13 37.55 3.43 

 
 
 

Table 8. Means and standard deviations of the variables used in the study for the control and experimental 
groups at the concept maps attitude scale towards physics (CMASTP). 
 

Groups Control group Experimental group 
Measures N Mean SD N Mean SD t sig. 
CMASTP 30 22.83 14.34 28 25.01 14.67 7.05 0.00 

 
 
 
control group. The results showed that there were 
significant differences between the dependent variables 
in the teaching methods used.  

To investigate group-sex interactions a two-way 
ANOVA was conducted with sex and group as the two 
variables. Table 6 shows that there was a significant 
interaction between group and sex. To find the sources of 
the interaction, the means of males and females on the 
Post-test for the control and experimental group were 
calculated (Table 7). There was significant difference 
between the mean scores of groups with respect to 
previous achievement test.  

The students in the experimental group who were 
subjected to concept maps instruction demonstrated 
better performances on post-PAET scores than the 
control group students who were subjected to traditional 
instruction. Table 7 shows that the scores of females in 
the control group were lower than those of the males. 
The mean of the males in the experimental group was the 
highest in the groups. There was significant difference 
between the Physics Achievement Post-Test and Physics 
Achievement Pre-Test.  

Concept maps attitude scale  
 
The study of CMASTP was applied to 58; 9th grade 
students in an urban high school (Appendix E). The 
internal consistency reliability of the scale was found to 
be 0.86. This test was performed to students in both 
groups before the treatment. The independent sample t-
test was used to determine whether there was a 
statistically significant mean difference between 
experimental and control groups for the concept maps 
attitude scale towards physics (CMASTP) test at 0.05 
levels. There was a significant difference between the 
mean scores of groups (t (58) = 17.05; p < 0.05). 

Table 8 shows that the students in the experimental 
group who were subjected to concept maps instruction 
demonstrated better performances on (CMASTP) scores 
than the control group students who were subjected to 
traditional instruction. At the CMASTP the maximum 
possible score is 105. The results showed that there were 
significant differences between the dependent variables 
in the teaching methods used. The correlation between 
the physics total post-test  scores  and  the  concept  map  
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attitude Scale test indicated that students’ concept 
mapping as a training method, performed better on high 
cognitive level questions. 
 
 
DISCUSSION 
 
According to new elementary education curricula concept 
maps were being used in grade 4, 5 and 6 students. 
Following years according to new curriculum concept 
maps will be used at the other elementary and secondary 
grade students. Concept mapping as training tools was 
expected to result in higher achievement in physics. This 
expectation was based on the assumption that concept 
mapping helps organize information. Results showed that 
the mean score of the physics achievement post-test for 
the experimental group was more than the control group. 
A study on the sixth year primary school students whom 
were training with concept maps through an electric unit, 
were found to be significantly higher than the students in 
the control group to whom using no method (Öner and 
Arslan, 2005). Further analyses investigated the 
interaction between sex and the effect of concept 
mapping as a training method. There were no significant 
interactions between sex and groups at the PAET pre-
test. Concept mapping method favored boys over girls in 
the PAET pre and post-tests. The significant interactions 
between concept mapping and sex can be interpreted in 
light of the cognitive style theory that categorizes males 
and females into different learning styles. According to 
Wapner (1986), males are field-independent learners 
while females are field-dependent learners. Field 
independent individuals, such as males, use active 
reasoning patterns that include cognitive structuring 
skills, while field dependent individuals, such as females, 
accept reality and may become passive learners. The 
results of this study might seem to harmonious the 
conclusions derived from cognitive style theory. On the 
other hand, studies have shown that concept map 
construction is difficult (Lehman et al., 1985) and that 
students need excessive training to master the concept 
mapping technique (Beyerebach and Smith, 1990; Brandt 
et al., 2001). BouJaoude and Attieh (2008) found that 
there was an effect by concept mapping as study tools on 
achievement in chemistry lectures. In that study results 
showed that while there were no significant differences 
on the achievement total score, there were significant 
differences favoring the experimental group for scores on 
the knowledge level questions. 

The means of PAET in the experimental group were 
higher than those in the control group. These results 
showed that concept mapping helped students who 
scored below the test scores to achieve better on high 
cognitive level questions. Stensvold and Wilson (1992) 
got similar results in their two studies with grade 9 and 
high school students. Among students with high abilities, 
those who constructed concept maps scored lower on the  

 
 
 
 
comprehension test than those who did not construct 
maps. However, among students with lower abilities, 
those who constructed concept maps scored higher than 
those who did not. Stensvold and Wilson suggested that 
concept maps might have disadvantaged high ability 
students because they might have had their own 
successful strategies which were not applied when they 
used concept maps. The correlation between the physics 
post-test scores and the concept map attitude Scale test 
indicated that students who using concept-maps as a 
training method, performed better on high cognitive level 
questions. These results are in agreement with Novak’s 
(1994, 1998) description of meaningful learning as the 
establishment of non-arbitrary relations among concepts 
in the learners’ minds. Moreover, it highlights the 
importance of physics instruction that emphasizes 
identifying key concepts and stresses on teaching 
concepts and their relationships (Novak, 1994). Concept 
mapping is most useful if it is used as a study tool over 
the course of instruction. Students build concept maps in 
homework assignments recurrently, so they can correct 
their understandings about concept maps. It is expected 
that concept maps help students to overcome difficulties 
by integrating them into well-structured cognitive 
frameworks (BouJaoude and Attieh, 2008). 

Thus, it can be concluded that concept mapping 
involved students who use concept maps as a training 
method relating new information to prior knowledge 
resulting in meaningful learning and consequently higher 
achievement. Concept maps help the students to 
answering the questions. However, concept mapping as 
a training method is not a solution for all problems in 
learning physics there are physics concepts that are 
abstract, non-intuitive and not directly interrelated and 
cannot be taught by concept mapping as a training 
method.  
 
 
Conclusion 
 
It is seen in this research, concept map is used as a way 
for teaching a lot of difficult physical complex concepts 
and knowledge in physics. Secondary ninth-grade 
students in electricity lecture in physics course, the 
learning and recalling levels of the students in 
experimental group to whom were taught by concept 
mapping as a training method were found to be 
significantly higher than the students in the control group 
to whom learning traditional method. The results of the 
study support concept mapping as a training method to 
engage students in learning and recalling their own 
knowledge structures, with the understanding that there 
is a need to help females in being more engaged in using 
the technique because of its possible benefits. In 
addition, concept mapping was a successful tool in 
helping low achiever students to improve their grades. 
And   also  concept  mapping  as a  training  method  may  



 
 
 
 
become effective for high achievers too because concept 
maps are one of our visual educational tools. The results 
of this and others studies on concept mapping as a 
training method are not conclusive. As a result, more 
research must be conducted to test further the effect of 
concept mapping as a training method with a larger 
number of students, in different types of schools and for 
different age groups. Other areas for further investigation 
include the amount of time needed to reap the benefits of 
concept mapping in a classroom setting and the possible 
benefits derived from using computers in the process. 

Results about the effect of attitude on students’ concept 
mapping performance in this study must be viewed very 
conservatively because of the limited nature of the 
instrument used in characterizing students’ attitudes 
toward mapping. Although there was a significant 
difference between the mean scores of groups, this result 
provide some support for the argument that attitude, 
particularly a negative one, was not a factor in concept 
map scores. The establishment of concept mapping as a 
valid measure of student learning in the context of this 
study can be a factor in concept map scores. To become 
united whole of the process of teaching concept mapping 
into the existing curriculum, as described earlier, 
produced less distribution to normal class routines may 
account for the fact that concept mapping. This was 
generally perceived in a positive light by students in the 
study. The research project was also a primary 
consideration in choosing not to use a more extensive, 
formal attitude survey focusing on concept maps. 
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APPENDIX A 
 
Examples of items from the physics pre-test 
 
1.  

 
 
Given in the figure, What is the ratio of i1 / i2 =? 
 

A) 1/4     B) 1/2     C) 1      D) 2       E) 2/3 

 
 
2.  

 
 
When the switches on, what is the relationships 
between the lights? (Cells and lamps are equivalent to 
each other) 
 
A)  IL > IK > IM   B) IM > IK > IL     C) IK > IL > IM     D)  IK = 
IM > IL    E) IL > IK = IM    

 
 
3.  

 
 
What is the resistance of resistor Rx=? 
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A) 2        B) 4      C) 5     D) 6        E)8 
 
4.  

 
 
What is the relationships between V1, V2 and V3 ?  
 
A) V1 > V2 > V3        B) V2 > V1 > V3      C) V2 

= V3 > V1       D) V1 > V2 = V3        E) V1=V2 > V3        
 
5.  

 
 
What is the equivalence 
resistance between K and L 
points?   
 

A)        B) R      C) 3R/2     D) 2R       
E) 3R 

 
 
6.  
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What will be the temperature of water 
after 5 min later? (cwater = 1 cal/g 0C ,  
1 cal � 4 J, Heat transfer is only 
between conductor and water) l 
 

A) 81 0C    B) 8.1 0C  C) 810 0C  
D) 0. 81 0C     E) 8110 0C        

 
7.  

 
 
The e.m.f of cells is 10 volt and the 
internal resistance of cells is 1 � 
a) What is the total e.m.f and total 
resistance? 
b) What is the value of current flows 
through resistor, 4 �? 

 
8. What is the value of the given resistor R? 
 

 
 
9. The e.m.f. of a cell is 1.5 V. What energy is 
dissipated by the cell if it drives 0.4 C of charge round the 
circuit? 
10. What is the e.m.f. of a cell if it uses 4.2 J of energy as 
it pushes 6 coulombs of charge round a circuit? 
11. 120 J of electrical energy are converted in a bulb as 
10 coulombs of charge passes through the bulb. What is 
the voltage across the bulb? 
12. What is the resistance of a 1.5 m long piece of wire if 
it has a cross-sectional area of 2 × 10-8 m² and a 
resistivity of 4 × 10-8 �m? 
13. 2 kW kettle uses 3 TL of electricity in boiling some 
water in 5 min. What is the cost of a kWh of electricity? 
14. What are the units that current is measured in? Unit: 
__________Symbol: __________ 

 
 
 
 
APPENDIX B 
 
Examples of items from the physics post-test.  
 
1.  

 
 
Electric circuits have equivalent resistance Ix, Iy and 
Iz   currents pass through X, Y, Z resistor. What is 
the relationships between Ix, Iy and Iz ?  
 
A) 20      B) 40     C) 60     D) 80      E) 120 

 
2.  

 
 
What is the equivalence resistance between X 
and Y points? 
 
A) 1/2       B) 1      C) ) 3/2          D) 2       E) 4 

 
3.  

�
 
Given at the figure, what is the relationship between the 
light. (Lamps give off the same colour of lights). 
 
A) X>Y>Z        B) Y>X>Z      C) Y>X>Z    D)  X>Z>Y   
E)Z>X>Y 

 
4.  

 
 



 
 
 
 

At the At the electrical circuits, current flows 
on the X resistor, is identical with Y resistor. 
According to the givens, what is the value of 
Y resistor? 
 
A) 7R/2    B) 7R   C) 12R   D) 14R   E) 18R 

 
 
5.  

 
 
When X and Y switches on, which of the lamps light 
on? 
 
A) M and N  B) L and K    C) L and M    D) M, N and 
K    E) M, N and L. 

 
 
6.  

 
 
What will be the temperature of 
water after 5 minutes later? (cwater = 
= 1 cal/g 0C  ,  1 cal � 4 joule, Heat 
transfer is only between conductor 
and water) 
  
A) 81 0C    B) 8. 1 0C    C) 810 0C       
D) 0. 81 0C     E) 8110 0C     
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Givens at the figure between X and Y points 
 
a) What is the value of total e.m.f ? 
b) What is the value of total internal resistor? 

 
 
8.  What is the current flowing through the circuit if the bulb has a 
resistance of 50 �? 
 

 
 
 
9. The e.m.f. of a cell is 4 V. What energy is dissipated by the cell if 
it drives 8 C of charge round the circuit? 
10. The e.m.f. of a cell is 4 V. What energy is dissipated by the cell 
in 20 seconds if a current of 2 amperes flows in the circuit?  
11. When potential difference across a resistor R, is 4 V the current 
passing through it is 2 A. 
a) What is the resistance of the resistor, R? 
b) If the p.d. across R is doubled to 8 V, will the resistance of R 
change? 
c) What will be the current passing through the bulb? 
d) When the current is increased to a much higher value the resistor 
becomes hot. Would you still expect it to obey Ohm’s Law? Why? 
12. What is the length of a piece of wire in a solenoid if the solenoid 
has a total resistance of 20 � and the wire has a cross-sectional 
area of 4 × 10-8 m² and a resistivity of 10 × 10-8  �m?  
13. What is the cost of running a 2 kW air-conditioner from 9 p.m. to 
7 a.m. if the cost of electricity is 15 TL per unit? 
14. Not all fuses are the same, typical fuse ratings are 1, 3, 5 and 
13 A. We always choose a fuse of the next highest power rating. 
a) If a bulb takes a current of 3.1 A, which fuse would you choose? 
b) If an appliance is stated to have a power rating of 300 W and is 
to be used with a 240 V supply, which fuse would you use?
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Appendix C 
 
Expert concept map 
 

 
 
 
Appendix D 
 
Scoring rubric of the concept map 
 
Student name 
 
1.Map Structure: 
a. Spoke   b. Chain  c. Net 
 

 

2.  # of Correct Hierarchy levels: ______________ 
3.  # of Correct Cross-Link:__________________ 
4.  Quality of Propositions 
 
 
Invalid proposition:_______________x 0   = _____________ 
Possible relationship:_____________x 1   = _____________ 
Correct-label proposition:__________x 2   = _____________ 
Directional correct proposition:_____ x 3   = _____________ 
5. Convergence Score             =_____________ 
6. Salience Score              =_____________ 
 
Total               =______________ 
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APPENDIX E 
 
Concept maps attitude scale towards physics (CMASTP) 
 

Please mark the convenient suggestions given below: 
Absolutely agree 
Agree 
Not sure 
Disagree 
Absolutely disagree 

A
bs

ol
ut

el
y 

ag
re

e 

A
gr

ee
 

N
ot

 s
ur

e 

D
is

ag
re

e 

A
bs

ol
ut

el
y 

di
sa

gr
ee

 

1. Concept maps are helped to establish relations between concepts. � � � � � 
2. Concept maps are provided to see concepts as wholly. � � � � � 
3. Using concept maps are developed relationships and social activities between our friends. � � � � � 
4. Concept maps are made to repeating subjects easy. � � � � � 
5. Drawing concept maps at the lessons are provided to see how subjects understanding. � � � � � 
6. I love drawing concept maps. � � � � � 
7. Using concept maps at the lessons are increased my achievements � � � � � 
8. Concept maps are helped to establish relations between lessons subjects. � � � � � 
9. Concept maps are helped to understand the subject better. � � � � � 
10. Concept maps are the good method to learning science. � � � � � 
11. Concept maps are made the complicated subjects more comprehensible. � � � � � 
12. Concept maps are shown the subjects which are most important. � � � � � 
13. Applying concept maps are easy. � � � � � 
14. Drawing concept maps and filling the empty concept labels are guided us to researching. � � � � � 
15. Concept maps are used very frequently at the lessons. � � � � � 
16. I want concept maps to use very frequently at the lessons. � � � � � 
17. I love using concept maps. � � � � � 

�


