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ABSTRACT

The aim of this study is to determine the effect of performance based evulation on preservice biology
teachers’ cognitive achievements and laboratory report writing skills about DNA isolation. In the study,
nonequivalent control-group design were used to determine the effect of performance based evaluation on
pre-service biology teachers’ achievement and laboratory report skills about DNA isolation. The sample
of the study was 70 pre-service teachers. A rubric and DNA isolation achievement test were developed
for the data collection. Data was collected by pre-and post-administration of achievement test and
administration of rubric. Before the beginning of the study, a pre-test was applied in order to determine
the cognitive field levels of students on DNA isolation. Then, a DNA isolation test was applied to the
experiment and control groups. While the experiment group was given a rubric to be used during writing
their laboratory reports, the control group was not. At the end of the study, a post-test was applied in
order to determine students’ cognitive field levels. To detect the differences between the experimental and
the control groups, the independent samples t-test was used. At the end of the study, it was determined
that preservice teachers who use rubrics display a higher skill in writing laboratory reports and have a
higher cognitive field level compared to those who do not.

Keywords: Rubric; Analytic Rubric; Holistic Rubric; DNA Analysis; Gene Technology; Preservice
Teacher; Report Writing Skill.

INTRODUCTION

Recently, many educators have emphasized that the evaluation methods used today do
not provide knowledge for the individuals’ self-assessment nor the state of his development.
These kind of evaluation methods should be used less frequently for evaluating student
achievement (Kutlu, 2004; Bahar et al., 2006). As such evaluations fall short in measuring the
higher order cognitive skills (such as designing an experiment, writing a new story, or
presenting a paper) of students that are required to be graded (Kutlu, 2004). However,
throughout their education, students must be able to use advanced mental skills in addition to
knowledge that is based on recall to participate in meaningful learning. Kutlu, Dogan &
Karakaya (2008) described the higher order cognitive skills as the entire cognitive, affective
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and psychomotor features used by individuals while displaying their skills. Zoller (2000)
approached the higher order cognitive skills as asking questions, critical and systematic
thinking, problem solving, analyzing, evaluating, and synthesizing new information and
decision-making. To educate individuals who can meet the needs of modern society,
eduaction systems should set the development of students’ higher order as high priority
(Kutlu et al., 2008). This necessity requires educators to also measure and evaluate higher
order cognitive skills. However, the current tests used in science teaching give little
information about how students use the knowledge they have gained. That situation makes an
emergent call for the use of new evaluation approaches that check the product and the
process, which is globally referred to as performance-based evaluation, combining with pre-
existing measurement and evaluation approaches.

Performance-based evaluation can be applied to real-life situations. Moreover, it can
measure an activity with multiple solutions or strategies that includes higher order cognitive
skills, which can be measured over a wide-ranging period of time, from a couple of minutes to
a couple of days (such as modeling), or a situation that can produce original answers (such as
explaining the solution to a mathematical problem) (Aschbacher, 1991; Baron, 1991; Madaus
and O’Dwyer 1999; Stiggins, 1987). Kubiszyn and Borich (1996), on the other hand,
underlined the necessity for propounding a product, having an observable performance while
propounding that product and enabling it to involve the process of high order thinking in
order to ground an evaluation on performance. Besides, the researchers indicated that the
performance-based evaluations had to enable the social skills and group studies, as well as the
interdisciplinary transition and information exchange (as cited in Berberoglu, 2006).
Performance-based evaluation is composed of two important parts. One is the performance
task, and the other is the rubric (Popham, 2007). Miller (2005) defines performance tasks as
activities where students are required to develop their own answers rather than choosing
among the options presented to them. Students’ knowledge can be structured by giving them
performance tasks, and this is important for effective learning (as cited in Marzano, Pickering,
and Mctighe, 1993). Thus, performance-appropriate evaluation tools are necessary to evaluate
performance. Rubrics are said to be one of the most widely used tools to complete
performance evaluations (Kutlu et al., 2008)

Rubrics are documents where the criteria taken into consideration for a given study are
listed and the quality of each criterion is provided with detailed definitions (Andrade, 2000;
2001; 2005; Andrade and Du, 2005; Andrade, Wang, Du & Akawi, 2009; Goodrich, 1997).
Having various forms and levels, the rubric could be used for a good number of course fields
(Moskal, 2000). Rubric is especially used by teachers due to their dissatisfaction in giving a
mark to practice-based fields like projects and oral presentations (Reddy, 2007). According to
Popham (2007), rubrics are composed of three parts, namely, evaluation criteria, criterion
definitions, and grading strategies.

1. Evaluation criteria: These are the factors that an evaluator uses when deciding on the
quality of a student’s performance. In other words, these are the requirements for a student to
be considered successful (Wiggins, 1991).

2. Quality definitions: These are the detailed definitions of what a student has to do to
achieve a certain performance level (Popham, 2007).

3. Grading strategies: These include whether the grading will be conducted according to
the process or the result (Moskal, 2000).

Rubrics are descriptive grading schemes, including grading requisites. They are
important because they include the use of higher order cognitive skills, which are the direct
result of the emphasis on performance (Hafner and Hafner, 2003). While there is no
standardized method to develop rubrics, certain criteria should be considered during the rubric
development process. These are continuity, parallelism, consistency, even distribution,
reliability, and validity (WNCP, 2006).
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Recently, researchers have discussed the benefits of using rubrics in education,
indicating that the application of rubrics in classes is appealing for both teachers and students.
The reasons for this can be better understood when the reasons for using rubrics are examined
(MccCollister, 2002; Halonen et al., 2003; Andrade & Du, 2005). One of the most important
goals of rubric use is to enable students to openly express their expectations about learning
(Luft, 1997; 1999). They feel more responsibility for the evaluation of their learning (Phillip,
2002), and they actively participate in the evaluation process by partaking in self-evaluation
(Wittaker, Spencer, and Duhaney, 2001). Students are able to determine their own needs and
evaluate their own performance with rubrics (Andrade and Du, 2005). When used for the right
reasons, rubrics make each teacher’s grading system transparent so that students better
understand the standards they are expected to meet (McCollister, 2002). In addition to
enabling students to develop higher order cognitive skills and meta-cognitive strategies
(Halonen et al., 2003), the application of rubrics supports and enhances learning (Andrade,
2000; Andrade and Boulay, 2003). The use of rubrics improves student achievement and
learning by increasing each student’s belief in their own self-efficiency (Quinlan, 2006).
Moreover, it helps students improve their self-regulation skills by supporting meta-cognitive
strategies such as planning, observation, and regulation (Saddler & Andrade, 2004). Reddy
(2007) states that effective, valid, and reliable rubrics that provide clear, satisfactory and
detailed feedback increase student satisfaction with the evaluation. They also augment
learning by influencing self-evaluation, where students observe their own processes, such as
evaluation, renewal, and performance grading. This implies that, in addition to increasing
academic achievement, rubrics can augment other aspects of a student’s learning, such as
interest, personal proficiency and individual regulation.

As tools, rubrics are also appealing to teachers because they are strong in both teaching
and evaluation (Andrade, Du & Wang, 2008; Goodrich, 1997). With the help of rubrics,
teachers can have a more objective and consistent evaluation of their grading practices
(Andrade, 2005; Wittaker, Spencer, and Duhaney, 2001). A valid rubric decreases the
possibility of a biased decision about a student’s performance by preventing the evaluator
from focusing on factors such as a student’s gender, race, age, appearance, ethnicity, or
previous academic achievement. This quality of rubrics makes it possible to evaluate students
objectively, and it becomes good supporting documentation for the teacher when he or she
meets with the student and his or her parents (Andrade, 2000; Whittaker, Spencer, and
Duhaney, 2001). At this point, the need for high quality rubrics that are to be used in teaching
and learning processes comes to the fore. This implies that there is a necessity for a good
comprehension of the rubric preparation process and that learning processes should be
supported by well-prepared rubrics. For well-prepared rubrics to be used, the teachers, i.e., the
evaluators should be well-educated in the use of rubrics. Additionally, the rubrics that are
implemented should be developed by experts and be well tested.

In today’s world, where our expectations of school and education consistently increase,
science and the biological sciences, which facilitate our life and increase its quality, have an
important role in supporting our decisions and enabling us to make the right ones. Therefore,
the benefits of rubrics and their expansion in terms of science, technology, society, and
environment, should be discussed by the field educators. When considering the transference
of knowledge on the topics of molecular genetics in the biological sciences to individuals, the
importance of multifaceted learning that will be realized on an advanced mental level must be
better understood.

“Modern biotechnology” (or “gene technology”), in terms of its advantages and
disadvantages related to health, economics, industry, environment, ecology, social and ethical
topics, should be carefully discussed. The importance of communicating the ethical,
economic, social, medical, and ecological results of gene technology to the individual and
carefully examining the development of personal judgment and evaluations (approving/not
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approving, risk perception, and the ability to evaluate dangers), as well as the fact that these
activities increase the importance of gene technology education, have been emphasized by
several scientists (Schallies and Wellensiek, 1995; Harms and Bayrhuber, 1999; Harms,
2002). Discussing the teaching and the learning level of DNA isolation, which includes
purification of the DNA by separating it from the live cell, using a rubric, is also important.

In the light of previous literature, the current study aimed to determine the effect of
performance based evaluation on pre-service biology teachers’ cognitive achievements and
test report writing skills about DNA isolation. The following questions were addressed.

I. Is there a difference between the skills of students writing reports on DNA isolation
levels when rubrics are used vs. when they are not used?

Il. Is there a difference between the cognitive field levels of students studying DNA
isolation when rubrics are used vs. when they are not used?

METHODOLOGY
a) Type of the Study

In this study, quantitative research designs patterns are used. The data are gathered
using a nonequivalent control-group design, which is a quasi-experimental design. The most
commonly used quasi-experimental design in educational research is the nonequivalent
control-group design. In this design, research participants are not randomly assigned to the
experimental and control groups, and both groups take a pretest and a posttest (Gall, Gall,
Borg, 2007)

b) Study Group

The study group consists of 70 pre-service biology teachers who are sophomores at a
state university. They were selected using cluster sampling, and they were appointed as one
experiment and one control group in class level (Karasar, 2006). There were 31 students in
the experimental group and 39 students in the control group. Ninety percent of the study
group were female participants (N=63), and 10% were male participants (N=7). Second grade
preservice teachers did not have an experience about rubrics. Besides, they did not have
theoretical and practical studies about the DNA isolation, either.

c¢) Data Gathering Tools

DNA Isolation Cognitive Field Achievement Test: To determine students’ cognitive
field achievement levels with respect to DNA isolation, a 5-choice multiple-choice test was
prepared. For this test, 5 objectives of student achievement were determined by the
researcher. At least two questions that measure each objective were written, and a multiple-
choice achievement test with a total of 22 questions was prepared. The achievement test was
presented to two biology experts and two biology education experts. In accordance with the
views and suggestions of the experts, necessary corrections were made and a pre-trial form
was constructed. The constructed pre-trial form was administered to 174 university students
studying in the biology education department during the spring semester of the 2010-2011
academic year. After this application, the article difficulty and differentiation indexes of the
test were calculated. According to the results obtained from these calculations, 3 articles with
an article difficulty lower than 0.20 were discarded. The remaining articles had article
difficulties ranging from 0.22 to 0.59. The average article difficulty was calculated as 0.61,
and it was determined that the test was of medium difficulty. The inner consistency reliability
coefficient of the final test with 19 articles was determined to have a Cronbach’s 0=0.73.
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DNA Isolation Rubric: To determine each student’s laboratory report writing skills with
respect to DNA isolation, including their weaknesses and strengths within the scope of
general biology classes, a rubric was prepared. During the development process of the
analytical rubric, which was intended to determine students’ levels in reaching the objectives
of laboratory report writing, four quantifiable objectives were determined. A performance
item was established for each objective. These performance items became the evaluation
criteria for the rubric. The resulting evaluation criteria were as follows: being able to write
down the materials of the experiment, being able to write down the actual realization of the
experiment, being able to write down the observations of the experiment, and being able to
write down the results of the experiment. Each evaluation criterion was graded using 1-3
points. The summary of the scoring is as follows:

1 point: The skill needs to be developed

2 points: Acceptable

3 points: Highly successful

Then, each evaluation criterion was individually defined. For each evaluation criterion,
for the spot where the scoring levels intersect, the performance expected of the student for
that level is defined in detail from 3 to 1 (from good to bad). The ability to make observations
was divided into two sub-categories; likewise, the ability to interpret was divided into 5 sub-
categories, and all these sub-categories were separately defined. For example, for the
experiment materials evaluation criterion, “All materials used in the experiment were
documented in full” was written down for 3 points; “Many of the materials used in the
experiment were documented” was written down for 2 points; and “Materials used in the
experiment were not documented” was written down for 1 point (Appendix 1: DNA Isolation
rubric). 4 experts examined the score adjustment levels between the evaluators for the
reliability of the rubric. And while doing so, the evaluators were required to score a laboratory
report that was prepared with the help of the rubric separately through the rubric. And then
the reliability coefficients between the scores given by the evaluators were calculated with the
Kendall conformation coefficient. As a result of the study, the conformation coefficient
between the evaluators was determined as Kendall W=0, 81 (Kendall, Babington-Smith,
1993)

d) Data Analysis

The SPSS 20.00 statistics program was used to analyze the data. Item difficulty and
discrimination indexes were measured by ITEMAN, which is an article analysis test, and the
internal consistency reliability coefficient was calculated with Cronbach’s alpha. To detect the
differences between the experimental and the control groups, the independent samples t-test
was used. In the interpretation of the results, the level of meaningfulness of the p value was
determined as 0.05.

e) Intervention

The study was conducted by performing the DNA isolation experimentation within the
context of the lesson of general biology laboratory IlI. The lesson of general biology
laboratory 1l is conducted in two sections. While the 1st section is separated as the
experimental group, the 2nd section is separated as the control group. We studied with the
experimental group in the first two hours of the 4-hour lesson of general biology laboratory 11
and with the control group in the following two hours. At the beginning of the study, the pre-
service teachers in the experimental and control group were informed about the DNA
isolation and they were required to apply the experimentation of DNA isolation on their own.
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The experimental and control group realized the experimentation in 4 groups according to the
following order.

1. A half tomato was peeled and then diced. It was smashed until it became a puree
within the press.

2. The solution A was prepared by putting 3 gr salt, 3 ml detergent and 24 ml distillate
water in a beaker. This solution was put in a press and properly smashed with the pulped
tomato.

3. The thickened puree was distilled with the help of a gauze or a thin strainer and put in
a beaker.

4. 15 ml pineapple juice was added to the distilled part and then mixed.

5. 5 ml was taken from that mixture, placed within a tube and 10 ml cold alcohol was
added to it.

6. We waited for 4 — 5 minutes and then observed DNA on the alcohol layer.

As a result of the intervention, the pre-service teachers in the experimental and control
group were required to discuss about the results of the experiment with their friends in the
group. As a result of the discussions, they were all expected to write a report regarding the
experiment. They were required to write the experiment report by considering the materials
being used in the experiment, as well as the performance of the experiment, observations of
the experiment and the order of the results/interpretation of the experiment. While the
experimental group was given the DNA isolation rubric that was developed to determine how
to evaluate the reports while writing their reports, the control group was not given such a
rubric. The control group only received oral explanations about how to write the report. The
experiment reports that were obtained at the end of the study were evaluated by an expert
through considering the criteria in the rubric.

FINDINGS

Test Report Writing Skill Acquisition Levels of Preservice Teachers

Table 1 shows the t-test findings. The results indicate that there is a statistically
significant difference between the report writing achievement scores of the experiment and

the control groups in favor of the experiment group.

Table 1. Preservice Teachers’ Rubric Total Point Averages Independent Samples T-Test Results

Laboratory Report

Writing Skills Group N X s t P
Experiment 31 235 3.265 68 13.96  0.000*
Total Points
Control 39 14.4 2.137
*p<0.05

Table 2 shows the t-test findings. The data indicate that while there is not a statistically
significant difference in the material writing skills of the control and the experiment group,
there is a meaningful difference in favor of the experiment group in terms of the skills of
being able to realize, observe and interpret the experiment.
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Table 2. Preservice Teachers’ Rubric Averages Independent Samples t-Test Results

Laboratory Report Writing Skills Group N X SS sd t P
Experiment 31 2.58 0.502 68 0.330 0.743
Materials used in the Experiment
Control 39 2.54 0.555
Experiment 31 2.90 0.301 68 2.003 0.049
Construction of Experiment
Control 39 2.69 0.521
. . Experiment 31 5.10 1.270 68 5.469 0.000*
Observation of Experiment
Control 39 3.43 1.250
. . Experiment 31 12.90 2.330 68 16.497  0.000*
Interpretation of Experiment
Control 39 5.77 1.220

*p<0.05

The data in Table 3 show the rubric skills averages of the experiment and the control

groups with the t-test findings. In Table 2, observations and interpretations of the experiment

were taken into consideration as a whole, whereas in Table 3, they are examined separately.
Data obtained from the rubric show that there is a statistically significant difference between
the experiment and control groups in favor of the experiment group when observation 1,
observation 2, interpretation 1, interpretation 2, interpretation 3, and interpretation 5

achievement scores are considered.

Table 3. Preservice Teachers’ Observation and Interpretation Rubric Averages Independent Samples

T-Test Results

Laboratory Report

Writing Skills Group N X s t P
Experiment 31 2.77 0.617 68 4,661 0.000*
Observation 1
Control 39 1.82 0.997
Experiment 31 2.32 0.945 68 3.361 0.001*
Observation 2
Control 39 1.62 0.815
Experiment 31 2.61 0.715 68 11.460 0.000*
Interpretation 1
Control 39 1.13 0.339
Experiment 31 2.35 0.661 68 8.307  0.000*
I ion 2
nterpretation Control 39 1.26 0.442
_ Experiment 31 2.55 0.810 68 11.960 0.000*
Interpretation 3
Control 39 1.00 0.000
Experiment 31 2.77 0.617 68 13.140 0.000*
Interpretation 4
Control 39 1.10 0.447
. Experiment 31 2.61 0.715 68 8.158 0.000*
Interpretation
Control 39 1.28 0.647

*p<0.05
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Cognitive Field Levels of Preservice Teachers

The experiment and control groups’ cognitive field achievement test pre-test averages
independent samples t-test results are shown in Table 4. The results indicate that there is no
statistically significant difference between the cognitive field achievement test pre-test
averages of the experiment and control groups.

Table 4. Pre-Application Cognitive Field Levels of Students’ Independent Samples T-Test
Results

Group N X SS sd t p
Experiment 31 14.26 3.44 68 1.150 0.254
Control 39 13.28 3.59

The experiment and control groups cognitive field achievement post-test averages
independent groups t-test results are shown in Table 5. The data indicate that there is a
statistically significant difference between the cognitive field achievement post-test averages
of the experiment and control groups in favor of the experimental groups.

Table 5. Post-Application Cognitive Field Levels of Students

Group N X SS sd t p
Experiment 31 15.52 3.48 68 2.015 0.048*
Control 39 13.82 3.51

*p<0.05

The results shown in Table 6 show that there is a statistically significant difference
between the cognitive field achievement pre-test and the post-test averages of the experiment
group and that there is no statistically significant difference between the cognitive field
achievement pre-test and post-test averages of the control group. It was detected that the
experiment groups achieved a higher success level in the post-test compared to the pre-test.

Table 6. Experiment Group Pre-test and Post-test Average Points Matched t-Test Results

Group Test Type N X SS Sd t p
Pre-test 31 14.26 3.44 30 -3.198 0.003*
Experiment
Post-test 31 15.52 3.48
Pre-test 39 13.28 3.59 38 -1.007 0.320
Control
Post-test 39 13.82 3.51
*p<0.05

DISCUSSION AND SUGGESTIONS

As a result of the study, it was determined that the rubric and achievement test
successes of students showed a difference according to the educational method. As a result of
the study, when the total points students earned on the DNA isolation rubric were considered,
the experiment group was more successful compared with the control group in terms of
acquiring report writing skills (Table 1). In similar studies on this topic, in terms of skills
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acquisition levels, students who use rubrics are more successful compared with those who do
not (Andrade, 2001; Sefer, 2006; Gunes, 2011). In their respective studies, Andrade (2001)
proves that rubrics are influential in enabling students to acquire effective writing skills; Sefer
(2006) proves that they are influential in enabling students to acquire problem solving skills,
and Gunes (2011) proves that they are influential in enabling students to acquire research
skills.

Using rubrics to develop and acquire skills can be given as one of the reasons affecting
student achievement. The reason students who use DNA isolation rubrics are more successful
is that learning outcomes and the required achievement levels are clearly indicated in rubrics.

When the experiment report writing skills of the experiment and control groups were
examined individually, it was observed that the experiment group was more successful
compared to the control group (Table 2).

When the report writing skills acquisition levels of the preservice teachers were
examined individually, the experimental group achieved a higher success level in terms of
observation and interpretation of experiment results skills compared with the control group
(Table 3). In his research on students’ skills in interpreting experiment results, Rutherford
(2007) found that students who use rubrics can interpret experimental results more
successfully. In their study about learning studies with groups, Cohen, Lotan, Scarloss,
Schultz and Abram (2002) suggested that individuals who were informed about the evaluation
criteria had better-quality group studies and discussions. Andrade and Du (2005), on the other
hand, indicated that using a rubric could enable students to do quality homeworks, have better
grades and decrease their anxieties about what they would learn. According to the results of
our study, it could be asserted that the use of a rubric in the DNA isolation experimentation
will be effective upon the development of the skills of preservice teachers such as writing an
experimentation report involving higher order cognitive skills like making accurate
observations, as well as interpreting and writing the experimentation results, which could
signify that the rubric would increase the higher order cognitive skills. Interpreting the study
results in a broader term, on the other hand, it could be thought that the success of preservice
teachers who were informed about the evaluation criteria by means of the rubric was affected
by the decrease of their anxieties about how to write the experimentation report and the
betterment of their perceptions regarding this subject.

The reason for the high success level in DNA isolation is that the perceptions of the
preservice teachers regarding experimental report writing improves, and using rubrics is
therefore effective in developing experimental report writing skills.

It was found that there is no meaningful difference in any class level between the
cognitive field pre-test points of preservice teachers who use or do not use rubrics (Table 4).
The points taken from the pre-test indicated that the control and the experimental group have
a certain level of presumption about the topic.

There was a meaningful difference between the cognitive field post-test points of
preservice teachers who use DNA isolation rubrics and those who do not, in favor of the
experiment group (Table 5). The fact that the experimental group used rubrics is shown as the
reason for this.

In this study, it was found that compared to the pre-test, the experimental group had a
higher success level in the post-test (Table 6). The reuslts showed similarities with the
research findings of Gunes’ study (2011) related to the effect of rubrics on the research skills
and cognitive field levels of primary school students. Gunes (2011) found that the cognitive
level of the experiment group that used rubrics was higher in the pre-test compared to the
post-test. Moreover, the cognitive level of the control group did not show any difference from
the pre-test to the post-test. In the qualitative study of Gunes (2011) that was conducted with
primary school students, the students indicated that the rubrics increased their success, which
signifies that the results of study are supported by qualitative data. In our study, the fact that
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the experimental group used rubrics in research activities may have been effective in the
occurrence of this difference. Rubrics may have a positive effect on the improvement of
preservice teachers’ perceptions and skills and on the improvement of their academic
achievements.

The findings of the study allowed to make several suggestions. First, expressing what
pre-service teachers should take into consideration when preparing an experimental report can
have a positive effect both on the enhancement of their perceptions and skills and on the
enhancement of their academic achievement. Second, the importance of using rubrics during
the evaluation process, expanding the use of rubrics, and improving preservice teachers by
informing them about rubrics can contribute to their education. Third, a discussion of
developing new rubrics for molecular genetics, gene technology and other biology subjects
and applying these rubrics to wide and various groups, thereby increasing student success and
advancing cognitive skills and the effects of complimentary evaluation tools can be
suggested. Finally, It could be suggested to also conduct studies that investigate the factors
affecting the success and are supported by qualitative data.
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Appendix 1: DNA Isolation Rubric

Criterion

3
(Highly successful)

2
(Acceptable)

1
(Needs to be developed)

Score

experiment were correctly listed.

somewhat correctly listed.

Materials used in the experiment All materials used in the experiment were| Many of the materials used in the experiment were] Materials used in the experiment were not
documented in full. documented. documented.
Realization of the experiment All phases related to the realization of the| Phases related to the realization of the experiment were| Phases related to the realization of the experiment

were listed completely incorrectly.

Observation of the|
experiment

Observation 1

Completely correct observations were made about]
the place of the structure we observe in the

experiment.

Somewhat correct observations were made about the|

place of the structure we observe in the experiment.

Completely incorrect observations were made
about the place of the structure we observe in the

experiment.

Observation 2

Correct observations were made as to what the|

structure we observe in the experiment looks like.

Somewhat correct observations were made as to what the|

structure we observe in the experiment looks like.

Completely incorrect observations were made as to|
what the structure we observe in the experiment

looks like.

Results/Interpretation

of the Experiment Interpretation 1

Completely correct results were arrived at as to why|

mechanical breaking is performed.

Partially correct results were arrived at as to why|

mechanical breaking is performed.

Completely incorrect results were arrived at as to

why mechanical breaking is performed.

Interpretation 2

Completely correct results were arrived at as to why|

Solution A is used.

Somewhat correct results were arrived at as to why|

Solution A is used.

Completely incorrect results were arrived at as to

why Solution A is used.

Interpretation 3

Completely correct results were arrived at as to

what function filtration has in the experiment.

Somewhat correct results were arrived at as to what

function filtration has in the experiment.

Completely incorrect results were arrived at as to

what function filtration has in the experiment.

Interpretation 4

Completely correct results were arrived at as to
what function the pineapple juice has in the

experiment.

Somewhat correct results were arrived at as to what

function the pineapple juice has in the experiment.

Completely incorrect results were arrived at as to
what function the pineapple juice has in the

experiment.

Interpretation 5

Completely correct results were arrived at as to

what function the alcohol has in the experiment.

Somewhat correct results were arrived at as to what|

function the alcohol has in the experiment.

Completely incorrect results were arrived at as to

what function the alcohol has in the experiment.

TOTAL SCORE




