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Abstract

In this research, it has been analyzed how variation in facet
number affects reliability with the testing of reliability in
generalizability theory by using different designs. The research
data have been accessed with the scoring of performances
towards non-routine problem solving of 132 6th, 7th and 8th
grade students of a primary school in Kiitahya in 2011-2012
spring term. In the research, p x t xr and p x t x r x a designs have
been used in which (p=person) as a measurement object, and task,
rater (t=task, r=rater) and rubric (a=rubric) have been seen as
variation sources. The research results show that designs used in
generalizability theory affect G and phi coefficients; as the
number of source of variability increases, percentage of the
description of total variance of the person which is the aim of
testing decreases. Also, it has been found that the sort of rubric
will affect reliability in testing, scores taken from analytical rubric
have more reliability than the ones taken from holistic rubric.
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Whatever the nature of assessment, flexible answering facilities should be aimed rather than a
single correct answer; so, it is intented to suggest a shift from machine scored tests to the use of tasks

scored by human judge, requiring students to construct response (Linn, & Miller, 2004: p. 6). Multiple

choice tests that is frequently used at schools for an objective and a quick scoring and for its reflecting

the content better by ranking or giving place to more questions, can be inadequate in evaluating high-

level behaviors. Performance based assessment is one of the methods that can be used for resolving

this limitation. In performance based assessment, scoring method and reliability of raters are

important, because scoring convictions are engaged. For testing the reliability, there are various

theories and applications. Differentation of theories and designs in the application of theories results
in the differentiation of reliability coefficients and obtaining different information from applications.
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In this context, reliability of scores obtained from analytical and holistic rubrics used as
scoring method in performance based assessment will be compared according to the information
obtained by the use of different designs in generalizability theory.

Performance Based Assessment

Performance based assessment is described as a state identification method which students
show particular knowledge, concepts and skills with the tasks reflecting ‘real-life contents and
conditions (American Educational Research Association, American Psychological Association, &
National Council on Measurement in Education, 1999). The way in which they were described was
appealing, in that, performance assessment require students to perform an activity (e.g., build a
model) or construct an original response (e.g., explain one’s solution to a mathematics problem);
assess higher-level thinking and problem solving skills; require students to apply their problem
solving in relatively novel real-world situations; afford multiple solutions or strategies; access prior
knowledge; and require extended preiods of time, ranging from several minutes to days or more
(Aschbacher, 1991; Baron, 1991; Herman, Aschbacher, & Winters, 1992; Madaus & O’Dwyer, 1999;
Stiggins, 1987; As cited by: Lane & Stone, 2006: p. 387).

Rubric

The original meaning of rubric had little to do with the scoring of students' work. The Oxford
English Dictionary tells us that in the mid-15th century, rubric referred to headings of different
sections of a book. This stemmed from the work of Christian monks who painstakingly reproduced
sacred literature, invariably initiating each major section of a copied book with a large red letter.
Because the Latin word for red is ruber, rubric came to signify the headings for major divisions of a
book. A couple of decades ago, rubric began to take on a new meaning among educators (Popham,
1997: p. 72). According to Goodrich (1997: p.14), a rubric is a scoring tool that lists the criteria for a
piece of work, or "what counts” (for example, purpose, organization, details, voice, and mechanics are
often what count in a piece of writing); it also articulates gradations of quality for each criterion, from
excellent to poor. Where and when a scoring rubric is used does not depend on the grade level or
subject, but rather on the purpose of the assessment (Moskal, 2000). Rubric is also divided into two
parts as analytical rubric that evaluates the performance by separating into parts and holistic rubric
that focuses on the whole performance (Mertler, 2001).

Holistic Rubric

Holistic word derives from the Greek word ‘holos’ and means ‘whole, entire’. Holistic
methods are also known as ‘overall impression’ or ‘all impression” (Priestley, 1982: p. 203). A holistic
rubric requires the teacher to score the overall process or product as a whole, without judging the
component parts separately (Nitko, 2001; As cited by Mertler, 2001). It requires the product or
performance to be evaluated as a whole without judgement of the components of the performance or
the resulting product (Moskal, 2000).

Analytic Rubric
Analytical rubrics include the scoring of the parts separately and calculation by adding these
person scores (Moskal, 2000).
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Generalizability Theory

Generalizability theory is a variance analysis (ANOVA) based statistical theory put forward
by Cronbach, Gleser, Nanda and Rajaratnam (1963-1972) on reactions to the limitations of true score
model of classical test theory which is still used today and developed by the studies of Shavelson and
Webb (1991),Brennan (1992) and lastly Brennan (2001a) which provides the evaluation of reliability in
behavioral measures; design and research of reliable observations with G (generalizability) and D
(decision) studies and determination of the amount discrepancy resource in observed scores with a
single coefficient (Shavelson & Webb, 1991; Brennan, 2001a, 2001b).

Generalizability Study

In G theory, a coefficient is calculated called generalizability coefficient. This coefficient
doesn’t reinterpret the concept of reliability although similar to the coefficient in classical test theory.
G theory also shows how the traditional distinction between reliability and validity can be eliminated
by organizing reliable observations. In G theory a universe, its variability sources and conditions of
observations are described from the structure explained in the traditional field of validity concept. If G
theory provides to show the predictions accurately which are about implicit structure of observations
(acceptable observations universe), it defines the observations as reliable (Shavelson & Webb, 1991).
The purpose of a G study is to obtain estimates of variance components associated with a universe of
admissible observations (Brennan, 2001a: p. 8).

Decision Study

Generalizability theory seperates decision (D) study from generalizability (G) study. D study
is regulated to investigate the ways to minimize the errors in measurement made for a specific
purpose by using the information obtained from G study (Crocker & Algina 1986; Shavelson & Webb
1991; Brennan, 2001a).

Perhaps the most important D study consideration is the specification of a universe of
generalization, which is the universe to which a decision-maker wants to generalize based on the
results of a particular measurement procedure (Brennan, 2001a: p. 9).

In Generalizability theory, there are two kinds of designs: crossed or nested as well as making
up designs dependent on the number of variability resource. If all conditions of variability resources
in measurement affect all conditions of an another variability resource, it is crossed and is shown by
placing the “x” mark between variability resources. If some conditions of a variability resource is
observed by some conditions of an another variability resource, it is nested and is shown by placing
""" between the variability resources (Shavelson & Webb, 1991; Brennan, 2001a; Mushquash &
O’Connor, 2006). Person is usually not called facet, that is, the possible source of measurement error
because the aim of measurement in this study is person.
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The aim of research
In this research, it is aimed to examine the effect of different design application on reliability.
For this purpose the following questions have been sought.

1. In points obtained from analytical and holistic rubrics, how are the explanation
percentages of variance components and total variance of designs p x t x r- in which person
measurement object, task and rater variability sources are crossed- and p x t x r x a - in
which rubric variability source is handled- estimated in the result of G study?

2. In points obtained from analytical and holistic rubrics, how are G and phi coefficients
obtained in the result of decision study made by increasing and decreasing the numbers of
rater and task of designs p x t x r and p x t x r x a in which key variability source is
handled?

3. Do findings obtained from p x t xr and p x t x r x a designs used in realibility evaluation
differ?

The Importance of research

There are many studies on the evaluation of reliability and generalizability of measurements
obtained in literature with generalizability theory (Al-Mahroos, 2009; Arce-Ferrer ve Castillo, 2007;
Atilgan, 2004; Christ et. al., 2010; Deliceoglu, 2009; Eser, 2011; Giiler, 2008; 2009; 2011; Hoyt ve Melby,
1999; Jarjoura et al, 2004; Kaya, 2011; Kozaki, 2004; Nalbantoglu, 2009; 2012; Oztiirk, 2011; Tasdelen ve
digerleri, 2010; Tindal et. al, 2010; Van Hooft et. al., 2006; Yelboga, 2007; 2012).

When all these studies are examined, it hasn't been encountered to a similar research in which
different rubrics are used and fully crossed designs-rubric is taken as the variability source-are
applied in generalizability theory and findings are compared. With this study, it is thought to
contribute literature by comparing findings obtained from two faced design in which person, task and
rater variability sources are fully crossed and three faced fully crossed design in which rubric is also
taken into consideration beside these variability sources.
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Method

The Type of Research
It is a descriptive research because it reveals existing condition by analyzing the effect of
different design application on reliability in generalizability theory.

Collection of Data

The data of research are collected by scoring the performances of 132 6th, 7th and 8th grade
students in two performance tasks prepared for non-routine problem solving skill with recognition
response codes and analytical rubric and then with holistic rubric ten days later by four maths teacher
raters in a centre elementary school in Kiitahya in 2011-2012 education year.

As Polya (1973: 171) states that in general, a problem is a “routine problem” 1f it can be solved
either by substituting special data into a formerly solved general problem, or by following step by
step, without any trace of originality, some well-worn conspicuous example. Performance tasks used
in research include non-routine problems that have not one true solution and response formed by
scanning the literature by the researcher. Whether the performance tasks used in research are suitable
for student level and the measurement of problem solving skill has been decided in consultation with
ten people including elementary math teachers and mathematics education and assessment experts.
Likewise, expert view has been taken from these experts for rubrics. To determine the conformity of
performance tasks and rubrics to Turkish, a Turkish Language and Literature teacher is consulted.

Raters have examined each paper with content analysis by using behavior recognition codes
first after training by the researcher on how scoring should be. Then, raters have carried out scorings
in series for each performance with task-specific analytical rubric which includes understanding the
problem, identifying solution ways and application, criteria to specify the solution and five levels.
After remember time, that is, ten days have passed; same procedure has been carried out with holistic
rubric.

Analysis of Data

Reliability analysis has been done by using designs p x t x r and fully crossed p x t x r x a in
which kind of key is taken as variability source for analytical and holistic rubrics in generalizability
theory. In the fist step, variance values have been estimated in pxtxr design for main and common
effects by performing G study for both rubrics in generalizability theory. In the second step, variance
values analysis has been done for main and common effects by performing G study in pxtxrxa design
within generalizability theory. In the third step, G and phi coefficients have been estimated by
performing a decision study for the same design in the event of an(one) increase and decrease of the
number of rater and duties. In the last step, it has been examined how values obtained from both
designs used affect reliability. EduG 6.0 program is utilized in the analysis of data.
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Results

G Study Results

Generalizability study has been done to the scores obtained from scoring of two performances
that 132 elementary second grade students showed by four raters with analytical and holistic rubrics
with designs p x t xr and p x t x r x a in G theory. Estimated variance components and total variance
percentages of each variance source are given in Table 1.

Table 1. Variance Components And Total Variance Percentages Estimated In The Result Of G Study
Belonging To p xt xr and p x t x r x a Designs

pxtxr pxtxr

design Analytic Rubric Holistic Rubric pxtxrxa
Variance df Variance 02 % Variance 02 % Variance 02 %
source

P 131 15.423 80.6 14.836 76.0 14.149 72.5
t 1 0.107 0.6 0.243 1.2 0.084 0.4
r 3 0.078 0.4 0.310 1.6 0.274 1.4
a 1 - - - - 0.034 0.2
pt 131 0.004 0.0 0.000 0.0 0.000 0.0
pr 393 2.344 12.2 2.191 11.2 0.074 0.4
pa 131 - - - - 2.946 15.1
tr 3 0.025 0.1 0.042 0.2 0.000 0.0
ta 1 - - - - 0.016 0.1
ra 3 - - - - 0.000 0.0
ptr 393 1.154 6.1 1.901 9.8 0.017 0.1
pta 131 - - - - 0.388 2.0
pra 393 - - - - 0.416 21
tra 3 - - - - 0.042 0.2
ptrae 393 - - - - 1.072 5.5
Toplam 2111 100 100 100

p: person, t: task, r: rater, a: rubric

When variance and total variance percentages- estimated in the result of G study of p x t x r
design- in data obtained by using analytical rubric in Table 1 are examined, the biggest variance
component is seen as person main effect that differs in problem solving skills with o7 (15.423) variance
component value and % 80.6 total variance percentage. This can be the indication to the reflection of
skill differentations caused by person which is aimed at performance based assessment and to a
heterogeneous group in terms of problem solving skill. Person x task common interaction is a
variability source as a result of effect of the task unwanted to be measured on person effect wanted to
be measured. That person didn’t differ in one task to another is seen with ¢;;(0.004) variance rate and
% 0.0 total variance percentage. That raters aren’t generous relative to each other while evaluating the
performance of person is seen with ¢7(0.078) variance component value and % 0.4 total variance
percentage. It is seen that different raters make similar scorings. Person x task x rater interaction
(bgp) 041 is a residual variability source resulting from measurement error. When Table 1 is
analyzed, it is understood with o7 .(1.154) variance component value and % 6.1 total variance
percentage that after person (object of measurement) and p x t interaction, this variability source also
called random error is the biggest variability source.
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When variance and total variance percentages are analyzed which are estimated in the result
of G study of pxtxr design in data obtained with holistic rubric; it is seen that variance component of
person main effect explains % 76.0 of total variance mostly and person x task common interaction
doesn’t contribute to total variance with % 0.0 value. It is seen with 6#(0.243) variance component
value and % 1.2 total variance percentage that both tasks are in the same difficulty. It is seen that
raters aren’t more generous relative to each other while evaluating the performance of person
with ¢7(0.310) variance component value and % 1.6 total variance percentage. It is understood that
different raters do similar scorings. It is seen with ¢;3,(2.191) variance component value and % 11.2
total variance that conditions of person differ partly from one rater to the other. It is understood with
Optr,e(1.901) variance component value and % 9.8 total variance explanation percentage that after the
object of measurement the person and pxr interaction, the third biggest variability source is the
variability source called random error.

When variance and total variance percentages are analyzed estimated in the result of G study
of b x g x p x a design in Table 1, it is seen that variance component of person main effect explains %
72.5 of total variance mostly whereas person x task, task x rater, rater x rubric common interaction
doesn’t contribute to the total variance with %0.0 value at the very least. When the variance
component estimated in G theory is of negative value, Cronbach and others suggest that negative
variance component should be taken as zero to calculate variance components (Brennan, 2001a). In
researchs performed in Turkey, zero value is also written instead of negative variance component
(Atilgan, 2004; Tasdelen et al., 2010). So; while person x task common effect variance component is
05:(-0.136) , it is accepted as 0,,(0.00) in Table 1. Likewise; while the variance components of task x
rater common effect and rater x rubric common effect are 04(-0.001) and ¢2,(-0.004) respectively
(negative), they are accepted as 07(0.00) and 0,%,(0.00) in Table 1.

D Study Results

Generalizability coefficient, phi coefficient, relative error variance and absolute error variance
are given in Table 2 estimated for scenarios done by determination of person as object of measurement
and increase/decrease of task and rater numbers in designs p x t x r in which all variances are crossed
and pxtxrxa in which kind of key is taken as variance source in scores obtained from analytical and
holistic rubrics.

Table 2. Decision Study Results Done With An Increase/Decrease Of Raters and Task Numbers In
pxtxrand pxtxrxa Designs

Analytic Rubric Holistic Rubric

pxtxr pxtxr pxtxrxa
nt nr G Phi G Phi G Phi
1 2 0.897 0.889 0.878 0.857 0.871 0.857
1 4 0.946 0.938 0.935 0.916 0.882 0.872
1 6 0.963 0.955 0.955 0.937 0.886 0.877
2 2 0.913 0.908 0.904 0.888 0.884 0.873
2 3 0.940 0.935 0.934 0.920 0.889 0.880
2 4 0.954 0.950 0.949 0.937 0.892 0.884
2 5 0.965 0.962 0.959 0.947 0.893 0.886
2 6 0.969 0.965 0.965 0.954 0.894 0.888
3 2 0.918 0.914 0.913 0.899 0.888 0.878
3 4 0.957 0.954 0.954 0.944 0.895 0.888
3 6 0.971 0.968 0.969 0.960 0.897 0.892

nt: number of tasks, nr: number of raters
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It is estimated that G coefficient is 0.954 and phi coefficient is 0.950 of the scores obtained with
analytical rubric in the direction of two tasks, each 132 people, by four raters in pxtxr design used in
the research. When Table 2 is analyzed, it is seen that two increase/decrease in the number of rater has
more effect than one increase/decrease in the number of task on G and phi coefficients. Also, it is seen
that increasing the number of task and rater increases G and phi coefficients and vice versa. As seen in
Table 2, when the number of task and rater is the least (n, = 2, n, = 1); G coefficient is 0.897, phi
coefficient is 0.889 and it takes the lowest reliability values in decision study. When the number of task
and rater is the most (n, = 6, n, = 3); G coefficient is 0.971, phi coefficient is 0.968 and it takes the
highest reliability values in decision study.

In points obtained from holistic rubric in p x t x r design, it is estimated that G coefficient is
0.949 and phi coefficient is 0.937. When Table 2 is analyzed, it is seen that two increase/decrease in the
number of rater has more effect than one increase/decrease in the number of task on G and phi
coefficients. Also it is seen that increasing the number of task and rater increases G and phi coefficients
and vice versa. When the number of task and rater is the least (n, = 2, n, = 1); G coefficient is 0.878,
phi coefficient is 0.857 and it takes the lowest reliability values in decision study. When the number of
task and rater is the most (n, = 6, n, = 3); G coefficient is 0.969 and phi coefficient is 0.960 and it takes
the highest reliability values in decision study.

It is estimated that G coefficient is 0.892 and phi coefficient is 0.884 of the scores obtained with
analytical and holistic rubrics in the direction of two tasks, each 132 persons, by four raters in pxtxrxa
design in the research. When Table 2 is analyzed, it is again seen that increasing the number of task
and rater increases G and phi coefficients and vice versa. When the number of task and rater is the
least (n, = 2, n, = 1); G coefficient is 0.871 and phi coefficient is 0.857 and it takes the lowest reliability
values in decision study. When the number of task and rater is the most (n, = 6, n, = 3); G coefficient
is 0.897 and phi coefficient is 0.871 and it takes the highest reliability values in decision study.
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Comparison of Findings Obtained from Each Two Design

When total variance percentages are analyzed in result of G study of p x t x r and bxgxpxa
designs; it is seen that person main effect has the most variance percentage with % 80.6 total variance
percentage for the data obtained from analytical rubric, % 76 total variance percentage for the data
obtained from holistic rubric,% 72.5 total variance percentage when the key is the variability source. It
is seen that person-object of measurement- total variance percentage decreases as the number of
variability source increases. Also, it is seen that the usage of analytical rubric increases total variance
percentage of measurement object in comparison with holistic rubric.

When person x task x rater common effect is analyzed in every two design used; it is seen that
residual variability source dependent on measurement error has % 6.1 total variance percentage in
data obtained with analytical rubric, % 9.8 total variance percentage in data obtained with holistic
rubric, % 0.1 total variance percentage in p x t x r x a design when the key is variability source. In
obtaining these findings; it is thought to be effective that kind of key is the variability source in p x t x
r x a design and other variability sources share the effect on total variance. It is seen with % 15.1 total
variance percentage that the conditions of persons differs partly from one key to the other.

When the decision study findings are analyzed; G and phi coefficients in data obtained with
analytical rubric are estimated as G coefficient is 0.954, phi coefficient is 0.950, G coefficient is 0.949,
phi coefficient is 0.937 respectively.
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Discussion, Conclusion and Suggestions

When G study is done with fully crossed p x t x r design on scores obtained with analytic
rubric, more reliable results have been achieved in comparison with scores obtained with holistic
rubric. While residual effect also called random error is lower in scores obtained with analytical
rubric, the effect caused by the difference in problem solving skills of people (aim of measurement) is
higher. These results overlap with many studies in which scores obtained from analytical rubric show
relatively higher reliability in comparison with scores obtained from holistic rubric in classical test
theory (Bauer, 1981; Follman & Anderson, 1967; Jonsson & Svingby, 2007) and overlap partly with
findings of studies that reach to the conclusion that scores obtained from analytical rubric are
substantially more reliable in comparison with scores obtained from holistic rubric (Boring, 2002;
Klein et. al, 1998).

When K study is done in the design used (p x t x r), it is again seen that scores obtained from
analytical rubric have higher G and phi coefficients that the ones obtained fron holistic rubric.

It is seen that G and phi coefficients also increase partly when the number of task and rater is
increased in both rubrics, but increasing the number of rater has slightly more effect than increasing
the number of task in increasing coefficients.

As in the other design used (p x t x 1), when the number of task and rater is also increased in
bxgxpxa design; G and phi coefficients increase partly, but increasing the number of task has slightly
more effect than increasing the number of rater in increasing coefficients by contrast with findings
obtained from decision study in pxtxr design. Also, it is understood from decision study in p x t x r
and p x t x r x a designs that increasing the number of variability source in the design used lowers G
and phi coefficients relatively. In this instance, it is thought that it is because total variance is shared
between more variability sources.

Consequently, practitioners can use behavior recognition codes and task- specific analytical
rubric by taking the aim of measurement and thinking styles of students into account to increase rater
reliability in performance based assessment. Researchers can carry out reliability and generalizability
study with designs in which different variability sources are handled in generalizability theory by
studying with a bigger research group, rater and task. In performance-based assessment, when
interrater consistency is low, reliability studies can be carried out together with qualitative studies to
question the reason of this situation.
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