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the evaluation process more objective.

INTRODUCTION

Science tries to describe and interpret the events taking place in nature to find the facts
of nature. In this respect, science can be interpreted as human beings’ attempt to understand
themselves through nature (Collette, 1989). In the self-recognition process, people tend to do
research to describe and interpret events. Novak (1964) defined research as an effort to find
logical explanations for events that individuals are curious about. Therefore, doing research is
an effort to eliminate curiosity. Laboratories are the environments that provide students with
the opportunity to practice this effort by systematizing it. For this reason, laboratory
applications have an important place in science education (Lunetta, 1998; Saunders, 1992).

Laboratory practices are practical learning environments where the concepts desired to be
learned are transferred to the learners through first-hand or demonstration methods (Tezcan &
Aslan, 2007). Since the main purpose of laboratory applications is the realization of meaningful
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learning, the active participation of students in the process, their taking responsibility, and the
realization of learning by doing (Aksoy & Doymus, 2011; Nakiboglu & Merig, 2000), science
educators suggest that frequent laboratory activities will have many benefits on learning
(Hofstein & Lunetta, 1982).

The techniques used in science laboratory applications have an important place in learning the
target information (Leach, 1998). As a classical approach in science laboratory practices, there
are traditional laboratory practices in the "recipe type" where verification-type experiments,
that is, high cognitive levels, do not need to be employed (Jackson, 2004). Kaptan (1999) stated
that traditional laboratory practices are used to prove the information found in books. However,
it was also stated that it did not contribute to the structuring of scientific knowledge in students
(Renner, 1986; Aktamis, 2007). On the contrary, it is stated that in applications where
alternative laboratory approaches are used, students construct their knowledge by evaluating
and constructing the knowledge they have learned through experiments and developing
scientific thinking and critical thinking skills (Wyatt, 2005; Rehorek, 2004; Jackson, 2004;
Lunetta & Tamir, 1978; Ergin, Sahin-Pekmez, Ongel-Erdal, 2005). Therefore, for permanent
and effective learning to take place, using alternative approaches by creating environments
where student-focused activities can be designed and implemented becomes of great
significance (Lapadat, 2000; Costa, 1985; Birinci, Sezen, & Tekbiyik, 2010). Therefore,
effective science education necessitates laboratory practices and environment prepared
according to the constructivist approach, in which students can learn the desired learning
outcomes through practice and will be responsible for their own learning related to their daily
life. In the constructivist learning approach, which is the basis of alternative learning
approaches in science education, students are guided to find solutions to problems by interacting
with their environment (ilhan, 2013; Geraldo, Jofili, & Watts, 1999). According to this
approach, students should be at the center of the learning process, while teachers should guide
students on how to construct knowledge (Liang & Gabel, 2005).

As a result of the literature research on laboratory applications in science education, it is seen
that various studies have been carried out on the subject. These include evaluation of science
laboratory applications (Uluginar, Cansaran & Karaca, 2004; Ayas, Karamustafaoglu, Sevim &
Karamustafaoglu, 2002), opinions about the usability of teaching model in science laboratory
(Bozdogan & Altungekic, 2007), self-efficacy in laboratory utliziation (Kili¢ Mocan, Keles, &
Uzun, 2015; Kaya, Boyiik, 2011; Boyuk, Demir, Erol, 2010; Akdemir, 2006; Yurdatapan,
2013), evaluation of science laboratory use (Glines, Dilek, Topal, & Nesrin, 2013), opinions on
the use of science laboratories (Demir, Boyiik, Kog, 2011; Kocakiilah, Savas, 2011; Kilig,
Aydin, 2018), difficulties encountered in the chemistry laboratory (Aydogdu, 1999),
competencies in using science laboratory materials (Costu, Ayas, Calik, Unal, Karatas, 2005;
Korkmaz, 2000), views on science laboratory applications (Uluginar, Dogan, Kaya,2008;
Karamustafaoglu, 2012; Uzal, Erdem, Onen, Giirdal, 2010), attitude towards science
experiments (Y1ldiz, Akpinar, Aydogdu, & Ergin, 2006; Alkan, Erdem, 2013; Karatay, Dogan,
Sahin, 2014; Taghdere, Korur, 2012), success in science experiment applications (Alkan,
Erdem, 2013; Tezcan & Bilgin, 2004), the effect of science laboratory on academic
achievement (Ayvaci & Durmus, 2016), and the use of V Diagram in science laboratory (Merig,
2003; Nakiboglu, Merig, 2000; Nakiboglu, Benlikaya, & Karakog, 2001).

It is seen that there is a tendency towards the use of the traditional evaluation approach in studies
conducted for the evaluation of science or laboratory studies, but the adoption of alternative
measurement methods is seen as an important method or tool in terms of process evaluation
(MEB, 2005). It is argued that traditional assessment measures low-level cognitive knowledge,
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whereas performance assessment, which is one of the alternative assessment types, aims to
measure high-level cognitive knowledge and competencies (Aydin & Karagam, 2015).

Performance can be expressed as a service, situation, or idea that is put forward for the
realization of a task that is expected or desired to be performed in line with the determined
criteria (Pugh, 1991). When examined on the basis of education, performance can also be
defined as psychomotor skills such as playing a musical instrument, doing sports, and using a
microscope (Turgut & Baykul, 2010; Helvacit 2002). When measuring and evaluating the
performance, it is expected that the relevant behavior is done, not explained. In behavioral
measurements, in order to reveal the behavior, the measurement is made by observing all the
performance steps or the product revealed as a result of the behavior (Isman, 2001). In
performance measurement and evaluation processes, checklists revealing whether performance
exists, rating scales that reveal the degree as well as the existence of the behavior (Dalkiran,
2006), and holistic and analytical rubrics that allow more objective measurement-evaluation
can be used. Rubric is one of the most widely used measurement tools in performance
evaluation. It is seen as an important tool in minimizing the biases that may occur during scoring
and obtaining more realistic results regarding performance (Parlak & Dogan, 2014). According
to Popham (1997), rubric consists of three parts: evaluation criteria, criterion definitions, and
scoring strategy. Evaluation criteria are used to distinguish between acceptable and
unacceptable answers, criteria definitions are used to identify qualitative differences in students'
answers, and a scoring strategy is used to determine the path followed for scoring (analytical or
holistic rubrics). Since holistic rubrics focus on the whole process, they are used to make a
general judgment about the quality of the performance and are more convenient for evaluating
the results (Jonsson & Svingby, 2007). Analytical rubrics, on the other hand, have restrictive
performance characteristics when compared to holistic rubrics and can make process evaluation
in more detail (Sezer, 2005). Each performance criterion or skill that an individual is expected
to demonstrate is evaluated independently within the framework of defined criteria (Cepni,
2011).

Laboratory practices are also activities in which students are active and have to demonstrate
performance, as they include stages such as planning, observation, data collection, conclusion,
and evaluation. Therefore, it is necessary to evaluate the performance of students. One of the
biggest shortcomings when evaluating the performances exhibited in these applications is the
use of appropriate measurement tools, and the second one is not using a reliable and valid
measurement tool. For example, evaluating laboratory applications through paper and pencil
exams prevents students’ involvement in scientific research stages. This is because there is a
big difference between explaining how to do an experiment in writting and applying it.
Evaluation of laboratory applications while practicing is considered important in terms of
allowing students to analyze their results (Hilosky, Sutman, Schmuckler, 1998; Goh, Toh, &
Chia, 1989). Silberman, Day, Jeffers, Klanderman, Phillips, and Zipp (1987) stated that in order
to evaluate the performance of laboratory applications, performance measurement can ensure
that the laboratory practitioner is successful in reaching the goal and that the student can achieve
permanent learning by improving their higher-order skills in practice. They determined that
using a tool for evaluating laboratory practices makes students more willing to actively
participate in practices.

Suits (2004) emphasized the importance of performance assessment tools in the assessment of
high-level research skills as they provide useful feedback on the quality of laboratory practice
exams, and developed an assessment rubric consisting of six components to evaluate laboratory
practice. When Panadero and Jonnson's (2013) studies on the use of rubrics are examined, it is
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observed that using rubrics eliminates evaluation bias, gives more accurate feedback, reduces
assessment anxiety in learners, and helps improved performance.

When the international and national literature on laboratory practices and evaluation is
examined, it is seen that various methods are used to make laboratory practices more educative
and effective (Arnold, 2003; Exstrom and Mosher 2000; Harle, Leber, Hess, Yoder, 2003;
Selco, Roberts, Wacks, 2003; Criswell, 2006) but few of them have been observed to develop
and use a performance scale for evaluation (Silberman et al., 1987; Hilosky et al., 1998; Suits,
2004; Ari, 2008). However, it has been determined that these scales are limited to certain
applications. It was found that academic achievement tests or V diagrams are often used as an
evaluation method (Merig, 2003; Nakiboglu, Merig, 2000; Nakiboglu, Benlikaya, & Karakog,
2001), but there was no study on developing a valid and reliable performance scale for
measuring laboratory practices in science education that incorporates the whole laboratory
practice process into the assessment. Researchers suggest that performance-based assessment
and evaluation methods should be used in order to fully evaluate the process (Darling-
Hammond, 1994; Shepard, 2008).

Therefore, in this study, which addresses laboratory applications as performance evaluation
processes, the development of a "rubric" for laboratory applications may close an important gap
in the field. While developing measurement tools used in performance evaluation, such as
rubrics, reliability between raters is generally taken as a basis (Atilgan, 2005; Atmaz, 2009;
Deliceoglu, 2009; Giiler & Tasdelen Teker, 2015). In this study, the Generalizability Theory
(GT), which gives information about both random and systematic sources of error and provides
comprehensive reliability analyses in performance evaluation; was employed.

Unlike the classical test theory, GT provides a single reliability value by examining the effects
of multiple error sources at the same time. The generalizability theory focuses not on the
observed score or a specific measurement result, but on how the measurement results can be
generalized to a much larger universe than a specific sample (Gtiler, 2009). In generalizability
theory, it is possible to reach a single reliability value by considering the interaction of many
error sources, and error sources within the scope of the study (Brennan, 2001). According to
Shavelson and Webb (1991), the GT has four important features. 1) It deals with multiple
sources of variance with a single analysis. 2) It determines the size of each variance source 3)
It provides the calculation of two different reliability coefficients related to the relative
decisions of the individuals (G coefficient) and the absolute decisions about the performance
of the individuals (Phi coefficient) 4) It enables decision studies that can offer suggestions for
arranging measurements in which the measurement errors are minimized.

GT provides comprehensive analyses by simultaneously evaluating the error from many
sources of variability based on the within-group correlation coefficient, which enables the
evaluation of reliability in behavioral measurements, the design, and research of reliable
observations. GT means that the reliability of an observation depends on the universe from
which conclusions are drawn. It deals with how sources of variability reflect the universe. In
generalizability theory, the universe is a construct that the researcher considers, but it also
provides findings on how well the observed scores represent the universe score. Interpreting
how accurately the universe score is estimated from the observed score within the framework
of these findings can also be considered as construct validity studies. For this purpose, GT-
based analyses, which eliminate the difference between reliability and validity and focus on the
generalizability of the measurement tool, were conducted in this study.
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There are two basic stages in GT, namely Generalizability study (G-study) and the Decision
study (D-study) (Goodwin, 2001). In the G-study, all sources of variability (variance
components) and interactions involved in the study are estimated. In the D-study, these
estimated variance components are optimized and the conditions for the most appropriate
sources of variability are tried to be determined. In addition to the G-studies of this developed
measurement tool, S-studies were also conducted to determine the most suitable conditions for
the sources of variability.

In light of all these explanations, the aim of this study is to develop a reliable and valid analytical
rubric that can enable the evaluation and comparison of application processes and results of
students taking the science and chemistry laboratory applications course. In line with the aim,
“developing analytical rubric that measures performance levels for Science/Chemistry
Laboratory Applications and examining its reliability with generalizability theory and
“conducting the decision study by manipulating the number of conditions belonging to the rater
variability source”, answers were sought to the following questions.

1. What are the variance components estimated for the individual, rater, task, and their
interactions for the Science/Chemistry Laboratory Applications analytical rubric?

2. What are the reliability (G and Phi) coefficients of the scores obtained as a result of
the analytical rubric evaluation of Science/Chemistry Laboratory Applications?

3. What is the effect of manipulating the number of raters with the D-study on the G and
phi coefficients?

METHOD

Working Group

The study group consists of 18 grade 5-6 secondary school students in formal
educations, who take science or chemistry laboratory courses in a science and art center in the
Southeastern Anatolia Region in the 2020-2021 academic year. In addition, the laboratory
performances of students were scored simultaneously by three expert raters using the analytical
rubric, which was tried to be developed by the researchers through the process described in
detail below.

In addition, during the development process of the rubric, eight experts' opinions were obtained
when determinating and arranging performance indicators and performance levels, and these
opinions were evaluated by the researchers.

Data Collection Tools

The following steps were carried out on the basis of the steps suggested by Goodrich
(2001) and Andrade (1997) in the analytical rubric development process, which was prepared
in order to evaluate the process of science and chemistry laboratory applications. The
procedures related to this process are detailed below.

1. Literature review was conducted for the evaluation of science and chemistry laboratory
process.

2. A review of the literature on performance evaluation was conducted.

3. The following steps have been followed in determining performance indicators and
performance levels.

The performance indicators to be used in determining performance, 11 performance indicators
were determined for six main tasks for the rubric of science and chemistry laboratory
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applications. These tasks are preparation for the experiment, preliminary knowledge of the
experiment, preliminary preparation of the experiment, the use of chemicals, the execution of
the experiment, and the test result and report. The indicators determined depending on these
tasks were determined by considering the behaviors expected from the learner in such
laboratory practices. In determining the rubric to be used, it was preferred to use analytical
rubrics in the research to be able to conduct the process evaluation in more detail by scoring. In
the determination of performance levels, the performance levels were determined as excellent,
acceptable, inadequate, and unobserved performance. A score of 3 was given when the
performance expected to be observed was fully realized, and 0 was not realized at all.

4. A draft rubric was created.
5. The following steps were followed to receive and evaluate expert opinions and to finalize the
draft rubric.

After the analytical rubric was prepared, the opinions of eight experts working at various
universities were consulted. One of the experts works in the field of chemistry education (an
associate professor), two of them conduct laboratory-based studies in science education and
chemistry departments (professor and associate professor), one works in the field of analytical
chemistry and teaches analytical chemistry laboratory applications, one works in the field of
physical chemistry, teaches the physical chemistry laboratory applications course, one conducts
studies in the field of food chemistry, one works in the field of organic chemistry and teaches
the organic chemistry laboratory applications course, and one works in the field of measurement
and evaluation and has scale development studies. The prepared analytical rubric was evaluated
by eight experts in terms of both the tasks and the behavioral indicators of these tasks in terms
of suitability and clarity to the target audience. As a result of these evaluations, a consensus
was reached and a draft rubric was obtained.

6. Piloting the draft rubric
7. Conducting validity and reliability studies as a result of the pilot application
8. Finalizing the rubric.

Data Collection

The study data were obtained from 5" and 6""-grade students attending chemistry classes
in the 2020-2021 academic years in a Science and Art Center located in the Southeastern
Anatolia Region of Turkey. The subject of "Solution Preparation”, which is among the activities
of the students' chemistry laboratory applications, was chosen as a performance determination
application. In line with the tasks in the prepared performance evaluation scale, the performance
of each student was scored and evaluated independently by three different expert teachers, and
the data were collected.

Analysis of Data

In the study, Generalizability Theory was used, which enables the determination of
reliability by evaluating all error sources at the same time. Within the scope of GT, a G study
was conducted on the main effects of student, task, and rater and the interaction effects
depending on these sources of variability, and the variance components were estimated by G
studies. In addition, G and Phi coefficients, which are important in making absolute and relative
decisions regarding the developed rubric, were calculated. Then, the number of raters was
manipulated and the D study was carried out, and suggestions were made for the appropriate
number of raters.
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Within the scope of the study, the sxtxr (student x task x rater) pattern in which all sources of
variability are crossed; is used. In this design, all students (s); are in line with all the tasks (t)
included in the rubric; rated by all raters (r). 18 students were evaluated simultaneously by three
raters while performing 11 tasks. The G and D studies for the fully crossed “SxTxR” pattern
were carried out using the EduG program.

FINDINGS AND DISCUSSION
Examination of the predicted variance components of the individual, rater, task, and
their interactions for the analytical rubric of Science/Chemistry Laboratory Applications
In the fully crossed SXRXT pattern, the variance components estimated according to the three
raters scoring 18 students in line with 11 tasks in the Science/Chemistry Laboratory Practices
analytical rubric are given in Table 1.

Table 1. Components of variance obtained as a result of the G study

Source of Sum of Squares df  Mean of Squares  Explained Variance Standard
Variance % Error

S 293.86700 17 17.28629 68.5 0.16995
T 22.38047 10 2.23805 3.7 0.01726
R 0.16498 2 0.08249 0.0 0.00096
ST 44.22559 170 0.26015 4.9 0.01008
SR 1.53199 34 0.04506 0.0 0.00141
TR 11.98316 20 0.59916 3.3 0.01006
STR 50.31987 340 0.14800 19.5 0.01132
Total 424.47306 593 100%

In Table 1, a total of seven variance components were estimated, namely the main effects of
student (S), rater (R), task (T) of the student, rater and task variability sources, the interaction
effects of studentxtask (ST), studentxrater (SR) and taskxrater (TR), and residual effects (STR,
e). The findings of the variance components obtained from these sources of variability were
interpreted as main effects, interaction effects, and residual effects.

Considering the main effects, among all variance percentages, the estimated variance
component percentage of students has the highest value (68.5%). The variance estimated for
the students reveals the differences between students in terms of performance levels shown
during the laboratory applications. In this design, students are the main object of measurement,
and it is desirable that all sources of variability, their interactions, and other sources of
variability not taken into account in the design, and the percentage estimated for random errors
are higher (Giiler, 2009). This finding can be interpreted that the main difference in the
measurement results related to the performance of science / chemistry laboratory applications
is due to students. The high percentage value obtained can be interpreted as heterogeneous in
terms of performance among individuals and the measurement tool used was successful in
revealing this heterogeneity.

Among the main effects, the second highest (3.7%) component of variance belongs to tasks (T).
This shows that the tasks that make up the steps of performance differ in terms of difficulty. It
points out that while some tasks are difficult to perform by students as they require complex
operations, some tasks are prepared in a way that individuals with basic laboratory knowledge
can perform. The variance component (R) related to the source of rater variability gives
information about the generosity and rigidity of the raters in terms of scoring. This introduces
a systematic error in the existing measurement situation. However, the fact that the percentage
of variance for the raters is 0.0% indicates that there is no systematic error originating from
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raters. The raters reported very consistent results in their scoring in terms of the feature being
measured.

When the percentages of variance components of the interaction effects are examined, it is seen
that the highest variance component belongs to the student-task interaction (ST) (4.9%).
Students differ in terms of their performance on the basis of tasks. This high variance
component may have been caused by confounding variables such as students' being familiar
with the laboratory performance in question, their previous interest in laboratory practices, and
the difference in difficulty between the steps. In addition, this high variance component in the
main effects that make up the interaction, may have caused the variance component of the
student-task interaction effect to be high. When the rater and task interaction effect is examined
(TR), the main reason for the percentage of variance (3.3%) can be interpreted as the main
effect of difficulty and convenience between tasks. The scoring status of the raters varies from
item to item. The fact that the variance component of the rater and student interaction (SR) is
0.0% indicates that there is no interaction between the raters and students that may affect the
scoring and cause a systematic error.

When the residual variance (SRT) result is examined, it is thought that there are random errors
in the measurement and different sources of variability (rater gender, student skill, interest,
experience) that are not present in the design also affect the result. However, in this study,
contrary to many studies, the fact that the percentage of residual variance was relatively lower
than the students, who are the main object of measurement, can be interpreted as the most
important sources of variability that can affect this performance are included in the design and
the measurement tool used in terms of the feature subject to measurement reveals the
differences between students well.

Examining the Reliability (G and Phi) Coefficients of the Scores Obtained as A Result of
the Analytical Rubric Evaluation of Science/Chemistry Laboratory Applications

The reliability (G and Phi) coefficients of the scores obtained as a result of the analytical
rubric evaluation of Science/Chemistry Laboratory Applications were Grelative=-99 and
Gabsolute=0.98. The coefficients calculated for the G (0.99) relative evaluation and Phi (0.98)
absolute evaluation calculated according to the estimated variance components were quite high
for this accepted population of observations. Based on these coefficients, it can be interpreted
that the performance levels in the measurement tool and the degrees corresponding to the levels
defined are correctly determined, the tasks in the rubric are relatively different from each other
in terms of difficulty, they distinguish students well in terms of their laboratory performances,
and the rater reliability of the raters who carry out the scoring is high.

Examination of G and Phi Coefficients Obtained as A Result of Manipulating the Number
of Raters

Based on the variance components examined within the scope of the G study, the results
of the decision studies carried out to determine the ideal rater coefficient in a similar
measurement situation are given in Table 2. The number of raters was manipulated as 2, 4, 5
and G and Phi coefficients were obtained for each variation.

Table 2. Scoring decision study

Number of Raters (R)
3* 2 4 5
G Coefficient 0.985 0.980 0.987 0.988
Phi Coefficient 0.978 0.974 0.981 0.982

79



Goktiirk, Uzun & Aktasg, 2022

When the results of the G and phi coefficients obtained based on the D studies in Table 2 are
examined, it is concluded that there is no significant change in the coefficients when the number
of raters is increase or decrease and the measurement situation can be carried out with two raters
because of being practical.

CONCLUSION AND RECOMMENDATIONS
It was determined that the scale developed with the findings obtained as a result of the
performance scale development study yielded valid, reliable, and generalizable results in
determining the performance of the students attending science/chemistry laboratory practices.
In this context, it is thought that using this scale, developed to evaluate the students’
performance in secondary school science/chemistry laboratory practice courses, will provide
valid and reliable measurement results and make the evaluation process more objective.

The variables that make up the main effect in the performance scale were determined as student,
task, and rater. While the expected situation in a performance scale is that the effect originating
from students is high, the effect from tasks and raters is low (Shavelson & Webb, 1991,
Brennan, 2001; Giiler, 2009). It can be concluded that the main source of change in the
measurement results obtained from the developed performance scale is the students, as the
estimated variance value of students has a very high value (Table 1). This indicates that
individuals differ considerably from each other in terms of the performance in question and that
they are heterogeneous. In other words, individual differences regarding performance were
revealed with the measurement tool. This indicates that the reliability and validity of the said
measurement tool are high.

As the relative and absolute reliability coefficients (Grelative=-99 and Gansolute=0.98) obtained as
a result of the analyses for the Science/Chemistry Laboratory Applications analytical rubric are
quite high, it can be said that the evaluation results obtained from this tool will give very reliable
and valid results. These coefficients show that the tasks that are the subject of performance are
defined correctly in the measurement tool and that they distinguish the students well in terms
of the feature that is the subject of the measurement because their difficulty levels are different.
The Student-Task variance (3.3%) indicates that students may be somewhat related to their
experiences on assignments. The task-rater variance (4.9%) suggests that it may have been
caused by factors such as the raters' gender, interests, and interactions with the task.

The fact that the variance of the raters is 0.0% (Table 1.) means that there is no error caused by
the raters, that is, the raters make objective scoring in terms of the feature being measured and
can make consistent evaluations with each other. The low student-rater variance (0.0%) may
also mean that the error caused by the raters is low. In other words, it can be said that raters do
not exhibit different behaviors from student to student. However, as a result of the D study, it
was revealed that the ideal number of raters to be recommended in the performance scale
created to measure the performance of science/chemistry laboratory practice is two.

Valid and reliable measurement tools are needed, especially when it comes to evaluating
practical and performance-requiring situations (Darling-Hammond, 1994; Shepard, 2008).
Therefore, the widespread use of reliable and valid measurement tools for performance
evaluation in the literature will increase the accuracy of the evaluation results.

Studies on popularizing the use of Science/Chemistry Laboratory Applications Analytical
Rubrics as measurement tools in schools (vocational high schools, science high schools, science
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and art centers, secondary schools) affiliated to the National Education, in science and
chemistry laboratories in education faculties of universities, in chemistry laboratory practices
of pharmacy, science, literature, and engineering faculties can be conducted

In future studies on this subject, it may be recommended to carry out generalizability studies
with different sources of variability such as students’ gender, whether they have participated in
laboratory practices before, and raters’ gender.
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