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Abstract

Problem Statement: In addition to being teaching tools, concept maps can be
used as effective assessment tools. The use of concept maps for assessment
has raised the issue of scoring them. Concept maps generated and used in
different ways can be scored via various methods. Holistic and relational
scoring methods are two of them.

Purpose of the Study: In this study, the reliability of the concept map scores,
which were made by the students and which were scored by different
teachers using different scoring methods (holistic and relational), will be
discussed in terms of G theory.

Methods: The research was performed during the fall semester of the 2010-
2011 academic year, between December and January. Concept maps
created by thirty-six students were scored by three different teachers who
played roles as raters. Data were obtained from four different concept
maps that were generated by each student.

Findings and Results: In focusing on the size of the variance estimates
according to holistic scoring methods, while the student component
(objects of measurement) accounts for one of the largest percentages of the
variance (20%), the main effects of the task and the raters account for
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about 14% and almost 0% of the total variance, respectively. The difficulty
level of tasks did not differ so much from student to student, and there is a
scoring agreement among raters. Using the holistic scoring method, G and
@ coefficients were calculated as 0.63 and 0.57, respectively, depending
upon the four tasks and three raters. In terms of relational scoring, the
student component (object of measurement) accounts for 10% of the
variance, the main effect of the task accounts for a very significant
percentage of the variance (56%), and the main effect of the raters does not
demonstrate any variance. G and ® coefficients calculated over the four
tasks and three raters in the study were .63 and .34, respectively.

Conclusions and Recommendations: According to the results of this study,
Phi coefficient was higher in the concept map study in which the holistic
scoring method was used. In this study, tasks represented a significant
variance component for both scoring methods. This may be interpreted to
mean that the levels of difficulty for the tasks differed according to the
students using both methods. In each of the scoring methods, the variance
related to the raters was found to be zero, which may result in the
interpretation that raters scored the maps consistently.

Keywords: Generalizability theory, rater effect, scoring concept maps,
scoring methods.

Introduction

Concept maps, which allow the visualization of concepts and show the relations
between the concepts, are used to organize and present information in a graphical
way. Generally, the concepts are written into the circles and square-like shapes, and
the relationships between these concepts are shown by the use of arrows (Canas &
Novak, 2006). Concept maps are an alternative method used to detect whether
students understand a topic; through concept maps, students learn how to bridge the
gap between learning issues and establish a meaningful learning. Also, it is an
effective teaching strategy that involves active participation of students, which, in
turn, gives students responsibility for their own learning (Kaptan, 1998; Nakhleh,
1994; cf. Kaya, 2003).

The basis of the concept map depend on Ausubel’s (1962) meaningful learning,.
Novak (2010) stated that the theoretical basis of the concept map was established
after the publication of Ausubel’s Assimilation Theory of Meaningful Learning in
1963. According to Novak (2010), the key idea in Ausubel's theory is the distinction
between rote learning and meaningful learning. In meaningful learning, the
individual learns to apply knowledge to solve problems faced in real life, and to
become adept at bringing information to the new learning. In short, it can be
expressed as the ability to establish a relationship between prior and new learning.
Information which is learned meaningfully becomes more permanent and serves to
solve the original problem, while allowing one to incorporate future learning along
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with creative thinking. An effective and economical method of providing meaningful
learning in concept mapping studies has confirmed this idea (Novak, 2010).

The origin of the concept map depends on Novak and his research team’s studies,
set out in the 1970s at Cornell University, in a teaching process of 12 years, following
changes in the methods through which students were introduced to science concepts
(Misdates, 2009). Novak and Gowin's (1984) studies have been effective for
recognition of concept maps all over the world (Ahlberg, 2004). Novak (2010)
specified that they had been trying to determine why some students experience deep,
meaningful learning while others develop just a superficial understanding.

Graphical maps of the concept in which information is schematized in a
hierarchical structure are utilized in many different disciplines, especially in
education, for different purposes, by both teachers and students at every stage of
learning--in preparation of exams, various evaluation studies and course reviews
(Kaptan, 1998; Kaya, 2003; Ingec, 2008). Novak (2001) suggested that concept maps
can be used for educational purposes as well as for evaluation purposes.
Additionally, the use of multiple-choice tests is not a necessity. Even in the context of
national achievement exams over time, these tools may be used as effective
assessment tools (cf. Kaya & Kilic, 2004). Using concept maps in education for the
purpose of evaluation of student achievement is very important in terms of revealing
shortcomings related to learning, as they enable us to learn whether students
understand topics correctly. Concept maps play a very central role in understanding
a student's knowledge structure, mistakes and misconceptions on given subjects
(Sahin, 2002). As hierarchical, two-dimensional diagrams showing how information
is organized, concept maps are accepted as a valid means of evaluation and research,
primarily in mathematics and science fields. In addition, it is noted that this
technique may be used as a tool of both preliminary assessment and final assessment
with regard to revealing, strengthening and consolidating information (Allen, 2006).

The first step to be taken before using concept maps as a means of scoring and
evaluation is to assure that teachers have earned the required qualifications to use
them. After providing adequate training to teachers and making sure that they have
the necessary competence, concept maps can be effectively used as tools for
evaluation. Additionally, scoring maps belong to students who have not gained
convenient knowledge and skills about visualizing what they have learned, starting
them with figures and making meaningful connections, potentially leading to
incorrect assessment of the student. In such a case, it could be difficult to determine
the student's deficiency resulting from a subject area or a lack of understanding of
technique

Using concept maps as a tool for assessment has brought the issue of scoring
them to the agenda. In order to use this method for the purpose of assessment,
teachers need to understand rating methods very well. Concept maps generated and
used in different ways can be scored using varied methods. McClure, Sonak and
Suen (1999) appraised the comparative point reliability of six different concept map
scoring methods by calculating a generalization coefficient for each method. These



214 Bayram Cetin, Nese Guler & Rabia Sarica

six different scoring methods are holistic, holistic with criteria map, relational,
relational with criteria map, structural and structural with criteria map.

In the holistic scoring method, concept maps are taken as a whole. Taking into
account students’ reflections on their learning with related concepts on the map, and
the existence of the related concepts on the map, they are evaluated with points on a
scale of 1 to 10. Sonak and Suen (1999) developed a relational scoring method,
adopting a technic discovered by McClure and Bell (1990). The relational scoring
method is based on the separate grading of propositions. The proposition of the
relationship between the two concepts is indicated using a labelled arrow. The total
score of the map is calculated by collecting the scores given to each of the
propositions, and each proposition is scored on a point scale of 0-3, based on whether
it is correct (McClure, Sonak & Suen, 1999).

The structural scoring method is developed by Novak and Gowin (1984). In this
method of scoring, propositions, hierarchy, examples and cross-links are scored.
According to this method, the total score is calculated by giving 1 point for each
correct proposition, 5 points for the current levels of hierarchy, 10 points for accurate
and meaningful cross-links where propositions are valid and 1 point for each sample
(Nakiboglu & Ertem, 2010).While the structural scoring method focuses on
organization of the hierarchical structure of the concept maps, the relational scoring
method is based on the quality of each individual component of the map (West, Park,
Pomeroy & Sandoval, 2002).

Modified forms of previously described holistic, relational and structural scoring
methods include holistic with criteria map, relational with criteria map and
structural with criteria map scoring methods. In these methods, maps are scored
based on a concept map developed by an expert group on the subject, as well as on
the criteria (McClure, Sonak & Suen, 1999). Although technical characteristics of
concept maps become critical when used as tools for evaluation, the means through
which to evaluate reliability and validity of the scores obtained is not always clear
(Yin & Shavelson, 2008). Measuring instruments such as those used in scientific
studies to produce reliable results are desired.

Generalizability (G) theory is a statistical theory based on variance analysis
developed by Cronbach and his colleagues (1972). This theory provides for the
assessment of reliability by bringing a different perspective to the concept (Shavelson
& Webb, 1991 cf. Deliceoglu, 2009). G theory purports to generalize points obtained
by means of specific measuring instruments to a larger universe of their sample
(Guler, 2009). G theory provides for the calculation of a single reliability coefficient
by incorporating all mistakes coming from all sources of variability at the same time,
and additionally examining sources of mistakes individually, with interactions
specified with the theory itself (Brennan, 2001; Tasdelen, Kelecioglu & Guler, 2010;
Srikaew, Tanghanakanond & Kanjanawasee, 2015). If scores received by one of the
students are considered an example of the universe of the concept map scores (under
varying conditions; for example, the task, response format, scoring methods and so
on), then scoring of concept maps can be examined within the scope of G theory. In
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this respect, one of the reasons for using G theory is that there are many sources of
errors in scoring of concept maps, and classical test theory cannot overcome the
sources of these errors effectively (Yin & Shavelson, 2008). Ruiz-Primo and Shavelson
(1996) emphasized that the scoring of concept maps can lead to different error
sources like concepts, propositions, task type, response formats, conditions, raters.
Thus, using G theory is especially appropriate in this kind of research (cf. Yin &
Shavelson, 2008). Additionally, many studies have investigated the inter-rater
reliability of concept map scoring using G theory. For instance:

Kaya Uyanik and Guler (2016) conducted a study to demonstrate that G theory is
preferable to classical test theory while investigating the reliability of concept map
measurement results. The G and Phi coefficients were computed. Taking the results
of the research into consideration, it may be recommended that the G and D studies
based on G theory should be performed when determining the reliability of
measurement results in which different sources of variability such as concept maps
are available; this approach presents detailed and explanatory results with one single
analysis, in contrary to classical test theory.

Canbazoglu Bilici, Dogan and Erduran Avci (2015) investigated the use of
concept maps as an alternative assessment tool in Science and Technology courses.
For this purpose, they used structural and relational scoring methods to evaluate the
concept maps. Using the scores given by two raters, Pearson correlation and
generalizability coefficients were calculated to determine inter-rater reliability. The
results of Pearson correlation demonstrated that there were strong and statistically
significant correlations between the raters for both scoring methods. Using
generalizability theory, G coefficients were calculated and results suggest that both
concept map scoring methods are valid and reliable.

Erduran Avci, Unlu and Yagbasan (2009) conducted a study to analyze the
concepts of a 7th grade science course. They used concept maps as an assessment tool.
The two raters scored student concept maps, and G theory was used to investigate
the reliability. G coefficient was calculated as .97. In addition to G theory, Pearson
moment multiplication correlation coefficient of inter-rater was calculated and was
found to be .99 (p < .01). They stated that, according to these results, it can be said
that the evaluation was reliable and valid.

Because G theory can be chosen, especially in cases in which there is more than
one active source of variability, many raters exist or measurement is performed more
than one occasion (Guler, 2011; Lakey, 2016). G theory was preferred to use for
determining reliability. So in this study, reliability of scores of concept maps, which
were made by students and which were scored by different teachers, will be
discussed in terms of G theory. Two different concept map scoring methods are used
within the scope of this research. These are holistic and relational scoring methods.
Using just two scoring methods for concept maps can be seen as one of the
constraints of the research.
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Method

Research Design

Study Group

The research was performed during the fall semester of the 2010-2011 academic
year, between December and January. Participants consisted of thirty-six seventh-
grade students whose ages ranged from 12 to 14, attending Ataturk Elementary
School, Osmaniye, Turkey. Twenty-one of them were male, and fifteen of them were
female. Information about the study group is also provided in Table 1.

Table 1.

Information about the Study Group

Frequency %
Female 15 42
Male 21 58
Total 36 100
Age Average 12.56

Raters’” Characteristics

In the study, concept maps created by students were scored by three different
teachers who played roles as raters. Two of the raters were Science and Technology
teachers, and the other was one of the researchers. Among the raters, two of them
were female and one of them male. Teaching experience of the raters was 20, 16 and 5
years, respectively. The necessary training on concept maps and methods of scoring
was provided by the researchers to the teachers. Science and Technology teachers
stated that they benefited from this method, and there are some activities at the end
of the guide books that they shared with their students.

Data Collection Tool

Data were obtained from four different concept maps that were used as data
collection tools. The concept maps used in this study are related to a “force and
motion” unit. Students had learned the topics of springs, force energy and power in
actions, simple machines, and their concept maps related to these topics were scored.
In the first of these concept maps, students created the concept map by themselves.
In the second, some concepts were provided to students, and they were asked to
build propositions and connections. In the third scenario, students chose missing
concepts and connection sentences in the concept maps from the given alternatives.
On the last concept map, students were asked to transfer to a concept map their
knowledge about the topic before training. Teachers studied these concept maps
together and examined the course books and necessary resources to make sure all of
these topics were addressed, and they agreed on how to ask questions about the
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concept maps. For all of these reasons, structured and semi-structured concept maps
were preferred.

Results

In this study, 36 students’ proficiency with creating concept maps was scored
through two different scoring methods by three raters. The scores obtained from
these scoring methods were analyzed separately according to G theory using SPSS
(Musquash & O’Connor, 2006), and the results and interpretation are explained
below.

Analysis of Scores Obtained from Holistic Scoring Method According to G Theory

Students (s) in this study were the objects of the measurement, the concept maps
were the sources of other variables tasks (t) and raters (r) were the facets of this
study. In this study, students were responsible for creating all of the concept maps,
and then all of the concept maps created by students were scored by raters via the
holistic scoring method. Thus, the research design of this study is a fully crossed (s x
t x r) design. According to this design, the results related to the estimated variance
components are provided below in Table 2.

Table 2.

Analysis of Variance Results and Variance Component Estimates for Students, Tasks of
Concept Maps, Raters and Their Interactions

Source of SS daf MS Variance Component Percentage of
variance Estimates Total Variance
Estimates
s 239.44 35 6.84 .360 204
t 91.16 3 30.39 .240 135
r 6.48 2 3.24 .002 .001
st 239.18 105 2.28 .616 .348
sr 46.69 70 0.67 .590 .034
tr 15.97 6 2.66 .062 .035
str 90.20 210 0.43 430 .243

In Table 2, both the key elements of ANOVA table and the variance component
estimates are observed. Because G theory focuses on the size of the variance
component estimates, and not the statistical significance of the facets or their
interactions, Table 2 does not include the significance test results (Goodwin and
Goodwin, 1991). In addition, percentages of each variance component as part of the
total variance appear in the last column of the table. Four sources of variation are
relatively large compared to the others. The variance component for students, which
indicates the variance for a student mean score over tasks and raters, accounts for
about 20% of the total variance. This result demonstrates that students
systematically differed in their level of proficiency at creating concept maps. A
second significant component is tasks, which accounts for about 14% of the total
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variance. This relatively large component of the main effect of tasks indicates that
tasks differed in difficulty level; some tasks were harder than others. A third
significant component, students by task interaction, which accounts for about 35% of
the variance, shows that some students created some concept maps well and other
students created other concept maps well. A fourth large component (24%), residual
error, indicates a large student-by task-by-rater interaction, unmeasured sources of
variation, or both. This value indicates that a substantial proportion of the variability
is due to facets not included in the study and/or random error. According to G
theory, this interaction variance value should be as low as possible.

The components of variance due to the rater effect and its interactions were
relatively small. The main effect for rater (.001), the interaction between students and
raters (.034), and the interaction between raters and tasks (.035) were near zero. These
results demonstrate that raters similarly scored student concept maps. The
implication of the small rater effect for future similar research is that single raters can
provide dependable ratings. As a result, and as seen in Table 2, as an advantage of G
theory, researchers can see very clearly which resources affect the total variance
(Guler, 2009). In G theory, the coefficient of G equivalent reliability coefficient in
classical test theory is calculated. The coefficient of G is calculated using the equation
provided below;

a5
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In G theory, in contrast with the classical test theory, Phi coefficient can also be
calculated in the circumstance of certain assessment. In this calculation, tasks, raters
and all interactive variance components are taken as parts of certain variance. The
greater denominator is calculated by adding these to the denominator of the
coefficient of Phi. Thus, when the obtained coefficient gets smaller, phi coefficient--
called reliability coefficient--is calculated this way;
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In this study, G and @ coefficients were calculated as 0.63 and 0.57 and
depended on four tasks and three raters. As can be understood from the equation,
raters raised the reliability further. The low number of tasks in this study causes the
reliability coefficient to be at a low level. In G theory, similar calculations to
Spearman-Brown in classical test theory are possible. By means of this formula, when
it is possible to change the number of items only in one test in classical test theory, G

and @ coefficient depend on the changing level of sources of variability which can be
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calculated with the D Study in the G theory. G and @ coefficients in cases of
changing number of raters in circumstances of certain number of tasks are provided
below in Table 3.

Table 3.
G and @ coefficients of D Studies (n;: 4)

Raters 1 2 3* 4 5
G-coeff. .53 .60 .63 .65 .66
D-coeff. 48 54 57 .58 .59

(*The number of raters in the study)

As seen in Table 3, an increased number of raters raise the reliability coefficient,
but not so much. Therefore, raising the number of raters provides a positive
contribution. In Table 4 below, G and @ coefficients were calculated with number
of raters settled as a constant and number of tasks as a variable.

Table 4.

G and @ coefficients of D Studies (n,: 3)

Tasks 4* 8 12 16 20
G-coeff. .63 .76 81 .84 .86
O-coeff. 57 71 77 .81 .83

(*The number of tasks in the study)

As seen in Table 4, the increasing number of tasks raises the reliability. Therefore,
if it is not possible to raise number of raters, and if it is possible to raise number of
tasks, reliability increases. As can be seen in Table 3, twice the number of tasks raises
the reliability coefficient by 0.07 when other circumstances are held as a constant.
Therefore, in similar concept maps, using more tasks constitutes the study. In
addition to Tables 2 and 3, Figure 1 clearly shows how increasing the number of
tasks and raters affects the G and Phi coefficients simultaneously. According to
Tables 3 and 4, together with Figure 1, it can be said that the number of tasks being
increased should be more effective than increasing the number of raters.
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Figure 1. G and Phi coefficients for different number of tasks and raters
Analysis of Scores Obtained from Relational Scoring Method According to G Theory

The students (s) in the relational scoring method are the measurement object, just
as in the holistic scoring method; the concept maps of other sources of variability in
the tasks (t) and raters (r) are facets of the study. However, all of the students were
responsible for creating concept maps, and these concept maps were scored by all
raters together using the relational scoring method. Hence, this study is also a fully
crossed (s x t x r) design. The patterns obtained by the analysis of variance and the
generalizability results of the following components are provided in Table 5.

Table 5.

Analysis of Variance Results and Variance Component Estimates for Students, Tasks of
Concept Maps, Raters and Their Interactions

Source of SS df MS Variance Component Percentage of
variance Estimates Total Variance
Estimates
s 279.96 35 7.99 421 .103
t 767.78 3 255.93 2.307 564
r 1.56 2 78 .000 .000
st 239.18 105 2.86 813 199
sr 299.89 70 0.51 024 .006
tr 25.79 6 4.29 108 .026
str 87.54 210 0.42 417 102

In Table 5, both key elements of ANOVA table and the variance component
estimates are observed. When the results of Table 5 are compared to those of Table 2,
similar findings can be seen. The variance component for students, which indicates
the variance for a student mean score over tasks and raters, accounts for about 10%
of the total variance. This result demonstrates that students systematically differed
in their level of proficiency with creating concept maps. A second significant
component is tasks, which accounts for about 56% of the total variance. This
relatively large component of the main effect of tasks indicates that tasks differed in



Eurasian Journal of Educational Research | 221

difficulty level; some tasks were more difficult than others. A third significant
component, students by task interaction, which accounts for about 20% of the
variance, shows that the relative standing of students in creating concept maps
differed across tasks. A fourth large component (10%), residual effect, suggests a
large student-by-task-by-rater interaction, unmeasured sources of variation, or both.
The components of variance due to the rater effect and its interactions were relatively
small. The main effect for raters was zero, and the interaction between students and
raters and the interaction between raters and tasks were near zero (.006 and .026,
respectively). Overall, more of the variability comes from tasks than from raters.
These results show that raters similarly scored student concept maps. The
implication of the small rater effect for future similar research is that a single rater
can provide dependable ratings.

G and @ coefficients calculated over the four tasks and three raters for this design
were .63 and .34, respectively. Although one of the highest variances was among
students as measurement objects, task main effect variance and its interactions with
other effect variances were higher than for student main effect, which results in a
decrease in value of the coefficient of ®, adding this highest variance to the
denominator in calculation of ®. This study of concept maps used the scoring
method in Table 6 below. The number of tasks is held as a constant, and in case of
changing number of raters, estimated coefficient values are given in G and ®.

Table 6.
G and @ coefficients of D Studies (n;: 4)

Raters 1 2 3* 4 5
G-coeff. .56 .61 .63 .64 .65
O-coeff. .31 319 .336 .339 342

(* the number of raters in the study)

As shown in Table 6, increasing the number of raters increases the value of the
coefficient of ®. For this reason, it can be noted that in the case of circumstances
where more raters work, this can contribute to an increase in the coefficient ®. The
following Table 7 shows the estimated values of G and ® in the circumstances in
which the number of raters is held as a constant and the number of tasks changes.

Table 7.
G and @ coefficients of D Studies (n,: 3)

Tasks 4* 8 12 16 20
G-coeff. .63 77 .83 .86 .88
D-coeff. 336 .501 .598 .663 .709

(*The number of task in the study)
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Increasing the number of tasks increases the reliability value, as can be seen in
Table 7. For this reason, if it is not possible to raise the number of raters in the study,
increasing the number of tasks may contribute to the study. In addition to Tables 6
and 7, in Figure 2 it can be observed clearly how increasing the number of tasks and
raters affects the G and Phi coefficients simultaneously. As seen in Tables 6 and 7,
together, and Figure 2, it can be concluded that increasing the number of tasks
should be more effective than increasing the number of the raters.

G coefficient
il
Phi coefficient

T T T T
400 800 1200 16.00 2000 400 800 1200 1600 2000
task task

Figure 2. G and Phi coefficients for different number of tasks and raters

Discussion and Conclusion

According to the results of this study, G and Phi coefficients were higher in the
concept map study in which the holistic scoring method was used, and estimated
residual variance component (sxtxr) calculated using the relational concept map
scoring method was higher. The proportion of task variance is 20% in the study in
which the holistic scoring method was used, and the task variance component
calculated using the relational scoring method accounted for about 56% of the total
variance in scores. This may be interpreted as a result of the levels of difficulty of the
tasks differing according to individuals when using the relational scoring method. In
each of the scoring methods, the variance related to the raters was found to be almost
zero, which may mean that raters scored the maps consistently in both scoring
methods. On the basis of these results, it is suggested that holistic scoring method be
used in evaluating concept map studies. In cases where the relational scoring method
is used, it is advisable to make the students practice creating concept maps, offer
more explanation to the raters and provide more details about scoring methods. In
addition, according to the results of both scoring methods and based on high residual
variance, it is recommended that students take a source of error in other external
factors (environment, a measurement tool, test manager, etc.) in creating concept
maps. Since the G coefficients are similar for both scoring methods, and the Phi
coefficient is higher for the holistic scoring method than for the relational scoring
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method, if the aim of the study is to make an absolute decision, the holistic scoring
method is recommended.

For future similar studies, it can be suggested that more tasks and fewer raters be
used for reliable results. In this study, the “Force and Motion" unit in a Science and
Technology course is discussed. The concept maps on different courses in different
subjects and whether they provide reliable and valid results can be researched. In
addition, the studies which include different and more sources of variability besides
the sources of variability of the tasks and the raters in this study may be
recommended.
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Etkisinin Genellenebilirlik Kuramiyla Incelenmesi

Ataf:

Cetin, B., Guler, N., & Sarica, R. (2016). Using generalizability theory to examine
different concept map scoring methods. Eurasian Journal of Educational
Research, 66, 211-228
http:/ /dx.doi.org/10.14689/ ejer.2016.66.12

Ozet

Problem Durumu: 1970'lerde ortaya konan kavram haritalari, bilginin hiyerarsik bir
diizen icerisinde sematize edilerek gorsellestirilmesini saglayan grafiksel
araclardir Kavram haritalar1 egitimde bir konudaki kavramlar arasindaki iligskinin
daha acik, anlamli 6grenilmesini saglamaya yardimci olabilecek araglardir. Novak
(2001), kavram haritalarmin 6gretim amagh kullanilabildigi gibi degerlendirme
amagcli da kullanilabilecegini, ¢oktan se¢meli testlerin kullanilmasinin bir zorunluluk
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olmadigin1 ve hatta zamanla ulusal basari sinavlarinda bu araglarin etkili bir
degerlendirme araci olarak kullanilabilecegini belirtmistir (Akt: Kaya ve Kilig, 2004).
Kavram haritalarmin egitimde degerlendirme amacli olarak kullanilmasi,
ogrencilerin konuyu anlayip anlamadiklarimi gostermesi ve ogrenme ile ilgili
eksiklerini ortaya ¢ikarmasi agisindan ¢ok onemlidir. Kavram haritalari, 6grencinin
bilgi yapisini, konuyla ilgili yanilgilarini ve yanlis anlamalarini belirlemede oldukca
fonksiyonel bir isleve sahiptir (Sahin, 2002). Kavram haritalarmin degerlendirme
aract olarak kullanilmasi bunlarin puanlanmas: konusunu giindeme getirmistir. Bu
yontemin degerlendirme amagh olarak kullanilabilmesi icin 6gretmenler tarafindan
puanlama yontemlerinin ¢ok iyi bilinmesi gerekmektedir. Farkl: sekilde olusturulan
ve kullanilan haritalar farkli yontemlerle puanlanabilmektedir. Bu yontemlerden iki
tanesi biitiinciil ve iliskisel puanlama metotlaridir. Biitiinciil puanlama yonteminde
kavram haritalar1 bir biitiin olarak ele almur, 6grencilerin kavramlarla ilgili
ogrenmelerini haritaya yansitabilmeleri ve ilgili kavramlarin haritada yer almas1 goz
ontinde tutularak 1-10 arasinda bir puanla degerlendirilir. iliskisel puanlama
yontemi 6nermelerin ayr1 ayri puanlanmasi temeline dayanmaktadir. Onerme iki
kavram arasindaki iliskinin etiketlenmis bir ok araciifiyla gosterilmesi olarak
tanimlanir. Haritanin toplam puani, ayr1 6nermelerin her birine verilen puanlarin
toplanmasiyla bulunmaktadir ve her bir 6nerme dogru olup olmadiklarma gore 0-3
arasinda bir puan almaktadir (McClure, Sonak ve Suen,1999). Kavram haritasi,
degerlendirme araci olarak kullanildiginda teknik 6zellikleri kritik hale gelmesine
ragmen, elde edilen puanlarin giivenirlik ve gegerliliginin nasil degerlendirilecegi
her zaman net degildir (Yin ve Shavelson, 2008). Genellenebilirlik (G) kurami, temeli
varyans analizine (ANOVA) dayanan giivenirligin degerlendirilmesini saglayan,
Cronbach ve arkadaslar (1972) tarafindan gelistirilen, giivenirlik kavramina farkli bir
bakis agis1 getiren istatistiksel bir kuramdir (Shavelson ve Webb, 1991 Akt;
Deliceoglu, 2009). Ogrencilerden birinin aldifi puan kavram haritast puanlarinmn
evreninden bir 6rnek olarak diistiniiliirse (degisen biitiin kosullar altinda 6rnegin;
gorev, cevap formati ve puanlama metotlar1 vb.) kavram haritalarmin puanlanmasi
G kurami kapsaminda incelenebilir. Ruiz-Primo ve Shavelson, (1996) kavram haritasi
puanlamasinin; kavramlar, dnermeler, gorev tipi, cevaplama formatlari, durumlar,
puanlayicilar ve puanlama ydntemleri gibi farkli hata kaynaklari icerdiginden, bu tiir
aragtirmalarda G kuraminin kullanilmasin bilhassa uygun oldugunu belirtmistir
(Akt: Yin ve Shavelson, 2008).

Arastirmanin Amaci: Bu ¢alismada, farkli 6gretmenler tarafindan puanlamasi yapilan
ogrencilerin olusturdugu kavram haritalarmin puanlarmin giivenirlikleri G kurami
acisindan ele alinacaktir. Bu arastirma kapsaminda kavram haritas1 puanlama
yontemlerinden ikisi kullanilmistir. Bunlar; biitiinsel (holistik) puanlama ve iliskisel
puanlama yontemleridir. Kavram haritalarinin puanlanmasinda sadece bu iki
yontemin kullanilabilmis olmast arastirmanin sinirliliklarindan  biri  olarak
gortilebilir.

Arastirmamin Yéntemi: Arastirma, Osmaniye ili Merkez Atattirk Hktigretim okulunda
7.smmifta 6grenim gormekte olan 151 kiz, 21'i erkek olmak tizere 36 &grenci ile
gerceklestirilmistir. Arastirma 2010-2011 egitim-6gretim yil1 gtiz donemi Aralik-Ocak
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aylar1 icerisinde gerceklestirilmistir. Arastirma kapsaminda ogrencilerin yapmuis
oldugu kavram haritalarini ti¢ farkli 6gretmen puanlamislardir. Veriler, veri toplama
araci olarak kullanilan dort farkli kavram haritasindan elde edilmistir. Bu ¢alismada
kullanilan haritalar Kuvvet ve Hareket tinitesiyle ilgilidir.

Arastirmanmin Bulgulari: Calismada 36 6grencinin dért kavram haritas: olusturabilme
diizeyleri iki farkli puanlama yoéntemiyle ti¢ puanlayici tarafindan puanlanmistir.
Her bir puanlama yontemine gore elde edilen puanlar G kuramina gore ayri ayri
analiz edilmis ve elde edilen sonuglar yorumlanmustir.

Biittinsel puanlamada, ¢alismada yer alan 6grenciler (s) 6l¢menin objesi olup, diger
degiskenlik kaynaklar1 olan kavram haritalar1 gorevleri (t) ve puanlayicilar (r) da
calismanin ytizey (facet)lerini olusturmaktadir. Bu calismada tiim ogrenciler tim
kavram haritalarmi olusturmakla sorumlu olduklarindan ve tiim puanlayicilar
tarafindan biittinsel puanlama yontemiyle puanlandiklar1 icin ¢alisma ttimiiyle
caprazlanmis (s x t x 1) desenden olusmaktadir. Genellenebilirlik analiziyle elde
edilen varyans bilesenlerine iliskin sonuglara goreen biiyiik degiskenlik
kaynaklarindan birinin dgrenciler oldugu gortlmiustiir (gercek varyans). Diger ana
etkiler olan gorev, toplam varyansi agiklayan en biiyiik bilesenlerden biri olurken
(yaklasik %14), puanlayic bileseni toplam varyansin agiklanmasina nerdeyse hic bir
katkida bulunmamaktadir (%001). Etkilesimlere baktigimizda 6grenci-gorev bileseni
toplam varyansin yaklasik %35’ini agiklarken, gorev-puanlayici etkilesimi toplam
varyansin ¢ok kiigiik bir kismim agiklamaktadir (%034). Uglii etkilesimin, bir bagka
deyisle artik etkisinin, toplam varyansdaki pay1 ise %24’ttir. G kuramina gore, artik
etkisine iliskin varyans degerinin olabildigince kiiciik olmasi istenir. Bu deger,
puanlardaki degisimin ¢alismada yer almayan farkli degiskenlik kaynaklarina bagl
ortaya ¢ikmis olabileceginin sinyalini vermektedir. G kuraminda, klasik test
kuramindaki  giivenirlik  katsayisina  karsiilk  gelebilecek G katsayist
hesaplanmaktadir. G kuraminda, klasik test kuramindan farkli olarak bir de mutlak
degerlendirmenin s6z konusu oldugu durumlar icin ayrica Phi katsayis: (reliability
coefficient) da hesaplanabilmektedir. Yukaridaki esitliklere dayal1 olarak, calismada
yer alan dort gorev ve ti¢ puanlayic1 tizerinden hesaplanan G ve @ katsayisilar
sirastyla .63 ve .57 olarak bulunmustur.

lliskisel puanlama yonteminde de ayni desen kullamlmis ve yine en biiyiik
degiskenlik kaynaklarindan birinin 6grenciler oldugu goriilmiistiir (%10). Gorev ana
etki bileseni, toplam varyans: aciklayan en biiyiik bilesen olurken (yaklasik %56),
puanlayict bilegsenin toplam varyansin agiklanmada bir pay: bulunmamaktadir
(%000). Diger taraftan ikili etkilesimlere bakildiginda ogrenci-gérev, &grenci-
puanlayic1 ve gérev-puanlayic etkilesimleri sirasiyla yaklasik %20, %0 ve %03 olarak
elde edilmistir. Buradan anlasilacag: tizere, kavram haritalarinda yer alan gorevlerin
zorluk duizeyleri ogrenciler icin farklilik gosterirken, 6grencilerin ve gorevlerin
puanlanmast puanlayicidan puanlayiciya farklilk — gostermemektedir.  Uglii
etkilesimler artik etki olarak isimlendirilir ve eger calismada, olgme sonuglari
guvenilir ise artiklara ait olan bu degerin olabildigince kiiciik olmasi istenir. Mliskisel
puanlama yonteminin kullanilarak elde edilen puanlar tizerinden bulunan artik etki
varyansi toplam varyansin %10 unu aciklamaktadir. Elde edilen bu varyans degeri,
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puanlardaki degisimin calismada yer almayan farkli degiskenlik kaynaklarina bagl
ortaya ¢ikmis olabileceginin sinyalini vermektedir. Calismada yer alan dort gorev ve
ti¢ puanlayic1t tizerinden iliskisel puanlama yontemi i¢in hesaplanan G ve @
katsayisilari sirasiyla .63 ve .34 olarak bulunmustur.

Aragtirmanin Sonug ve Onerileri: Elde edilen sonuglara gore, her ik puanlama yontemi
icin G katsayist ayn1 bulunmusken, Phi katsayist biitiinsel puanlama ydnteminin
kullanildig1 kavram haritasi calismasinda daha yiiksek bir degere sahiptir. Bu
sonuglara dayanarak mutlak kararklarin alinmasi amagalanan kavram haritasi
calismalarinda, biitiinsel puanlama yoéntemini kullanmak onerilebilir. liskisel
puanlama yonteminin kullanilacagi durumlarda ise 6grencilerin kavram haritalarini
olusturmada daha fazla pratik yapmast ve puanlayicilara puanlama konusunda daha
fazla aciklama yapilmasi ve puanlama Olciitlerinin daha ayrintii verilmesi
onerilebilir. Ayrica, her iki puanlama yontemiyle elde edilen sonuglara gore, artik
varyansin yiiksek ¢ikmasina dayali olarak, ogrencilerin kavram haritasi
olusturulmasinda hata kaynag olabilecek diger dis etkenlerin (ortam, dlgme araci
vb.) de dikkatlice kontrol altina alinmas: gerektigi 6nerilmektedir.

Anahtar sozciikler: Genellenebilirlik kurami, puanlayici etkisi, kavram haritalarmin
puanlanmasi, puanlama yontemleri.



