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Abstract. This study aimed to examine the effectiveness of the newly developed lyceum assessment
standards in seventh-grade physics education. Based on Bloom's taxonomy, the lyceum assessment
standards were developed and applied to evaluate the knowledge and skills of the students. A formative
assessment was created based on the established sub-standards, and a self-assessment schedule was also
developed. The study included 61 Baku European Lyceum and 107 Modern Educational Complex
students in experimental and control groups. The experimental group was taught using new lyceum
assessment standards, while the control group was taught traditionally. Following the experiment, both
groups were given 30 dynamics-related physics tasks and scored out of 100.

The experimental group, which received new assessment standards-based teaching, outperformed
the control group, which received traditional teaching. The experimental group averaged 81.4, while the
control group averaged 65.8. The study also found that the self-assessment schedule helped students
assess their knowledge and skills.

The new Bloom's taxonomy-based lyceum assessment standards assessed students' physics
knowledge and skills well. This study suggests the criteria-based evaluation system can standardize
lyceum natural science teaching. Lyceum assessment standards should be improved and implemented in
Azerbaijan's physics education in other grades and subjects.

Keywords: lyceum education, assessment standards, bloom's taxonomy, formative assessment, self-
assessment, physics teaching

*Corresponding Author: Galib Sharifov, Azerbaijan State Pedagogical University, Baku, Azerbaijan,
Phone: (+994 55) 513-17-73, e-mail: galibsharifov@gmail.com

Received: 30 June 2023; Accepted: 26 August 2023; Published: 03 October 2023.

1. Introduction

There are educational institutions around the world that operate similarly to
lyceums in Azerbaijan but under different names: "magnet school™ in America, "specialist
school"” in England, "Gymnasium™ in Germany, "selective™ in Australia, and "Lyceum"
in France. The main goal of physics education in these lyceums is to provide students
with a fundamental foundation for problem-solving and explaining physical phenomena
(Lindgren et al., 2016). Lyceums, where unique, talented, and capable students studied,
were transformed into educational institutions that required specialized training for
lyceum students to enter lyceums. However, the primary goal of lyceum subjects is to
develop scientific thinking in students, instil more profound knowledge, form a complete
picture of the world around them, and instil specific knowledge and skills in problematic
situations. As a result, the impact of lyceum project work (Sharifov, 2020), deepening
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mathematical understanding (Sharifov, 2020a), explaining some physics misconceptions
(Sharifov, 2021), and virtual experiments in deep mastering of some physics subjects
(Sharifov, 2020c; Sharifov & Maclsaac, 2021; Sharifov, 2022) becomes critical for their
implementation. Furthermore, using the 7E model as an example, it is appropriate to
provide an innovative teaching technique for basic solid-state physics features in lyceums
(Sharifov, 2019). It should be noted that these institutions assess in different ways.
Lyceums, on the other hand, require systematic criteria-based evaluation. Natural science
education in secondary schools can be standardized by changing the content and structure
of national science (Mambetakunov & Mambetakunov, 2019). It was also discovered that
problem-solving abilities indicate practical knowledge (Rustaman et al., 2018; Palisoa et
al., 2020).

Criteria-based evaluation can help determine the degree of conformity between the
student's goals and the results obtained. Besides, this evaluation solves problems by
organizing individual and group work in class and creating a psychologically comfortable
educational environment to motivate the student (Black & Wiliam, 1998; Black &
Harrison, 2004; Gioka, 2006; Eber & Parker, 2007). Furthermore, criteria-based
evaluation technology has been used to control, instruct, educate, diagnose, and inspire
students’ knowledge (Comparative Analysis of Assessment, 2019). Criteria-based
assessments have proven to be effective in developed countries. Many developed
countries' evaluation systems for lyceums and schools are based on 1B, IGCSE and AP
Physics. Magnet schools in America use IB and AP physics systems, and in the United
Kingdom use the IGCSE system (Haliciolu, 2008; Visser, 2010; Mayer, 2010;
MacKenzie, 2010; Stillisano et al., 2011; Lee et al., 2012, Syllabus, 2017; AP Physics 1,
2017; Sonny & Bill, 2020). Table 1 shows the criteria-based assessment directions for
those systems.

Table 1. Criteria-based-assessment directions for 1B, IGCSE and AP Physics

IGCSE IB Physics AP Physics

1. Knowledge and 1. Knowledge and comprehension | 1. Modelling
understandings

2. Handling information and | 2. Inquiry and design 2. Mathematical Routines
problem solving

3. Experimental skills and 3. Evaluation and processing, 3. Scientific Questioning

investigations

4. Scientific impact 4. Experimental Methods
5. Data Analysis

6. Argumentation

7. Making Connections

According to curriculum standards, assessment should assess not only students'
knowledge but also their practical skills. The physics content standards in Azerbaijan's
assessment concept were approved in 2009. They outlined the specific knowledge and
activities to be mastered. The knowledge component explains what is taught, whereas the
activity component describes how this will be demonstrated. The content of physics
education is presented as a standard. These standards shape the overall learning outcomes
that students are expected to achieve in terms of a subject's capabilities. Each standard
must contain content (knowledge) as well as activities (skills). The subject matter and
nature of the skills taught are specified in these standards. Each of these standards has
sub-standards. Sub-standards, which serve as the basis for determining training
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objectives, simplify complex ideas by reducing complexity. Different classes have
different sub-standards. As an example, in 7th grade, as follows (Ismayilov, 2019):

1. Physical phenomena, rules, and regularities - content line.

1.1. Demonstrate knowledge and competence in the area of physical phenomena -
the content standard.

1.1.1 Interpretation of thermal and electromagnetic (electrical) phenomena and their
causes - sub-standard.

The learning outcomes for each subject in secondary school physics obtain a
methodological manual. Learning outcomes were compiled from sub-standards to assess
student's knowledge during the lesson. Each learning outcome grades on four different
levels. The other type of assessment is self-assessment that used in various foreign
countries. Panadero, a Spanish researcher, developed his typology for self-evaluation by
combining five distinct taxonomies (Panadero & Romero, 2014; Panadero et al., 2013;
Panadero et al., 2016a; Panadero et al., 2016b).

Considering the education of students with talents, standards for lyceum should be
improved to accurately measure their knowledge and activity based on Bloom's taxonomy
through 1B, IGCSE, and AP physics. As a result, this article examines the newly
developed lyceum standards and the effectiveness of their implementation in the context
of seventh grade.

2. Material and methods

Initially, physics teaching problems in lyceums were analysed, and as a result,
factor analysis was performed using the SPSS program (Sharifov, 2022a). According to
the research carried out, modern problems of physical training in lyceums were classified
into four groups:

- Problems related to the content of physics;

- Problems of creating motivation from physics;

- Problems with the professional competencies of physics teachers;

- Problems with methods and methods used in physics training.

In order to solve these problem, lyceum assessment standards were developed in
some directions in accordance with Bloom's taxonomy. Table 2 describes the evaluation
directions available for lyceum physics teaching. Thus, L-standards cover lower
intellectual level assessments, while H-standards cover higher intellectual level
assessments. Both standards have joint activities, meaning they can be used at lower and
upper levels. The numbers in brackets next to the instructions represent the number of
sub-standards. A formative assessment was developed as an analytical rubric based on
the newly established lyceum sub-standards

Table 2. Proposed assessment model for lyceums.

Type of standards Bloom taxanomy levels Actions

I (Knowledge), sign (2), quantity (2), cause (2), feature
Il (Comprehension) (6),connecting (8)

L-standards

111 (Application)
_ modeling (5), solving task(5), practice (4), data
IV (Analysis) processing (3), reasoning (6), connecting (6),
H-standards V (Synthesis) life and technology (4)

VI (Evaluation)
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Table 3. New rubric assessment for topic of “Description of mechanical motion” for 7th lyceum students

TOPIC

Description of mechanical motion

Standards

Bloom taxanomy

Sub-standards

.Knowledge

L.1.1.1. Student lists the signs of physical objects or physical
phenomena on the subject

L-standards

11.Comprehension

L.11.2.2. Student distinguishes the quantities that characterize physical
objects or physical phenomena on the subject

L.111.7.1. Student applies the knowledge and skills acquired on the

I11. Application topic to explain the cause of the occurrence of natural phenomena
1V.Analysis H.IV.2.2. Student schematically describes physics tasks on the topic
K . H.V.5.2. Student makes a reasoning based on the evidence obtained
-standards | V.Synthesis duri : :
uring the explanation of events on the topic
VI.Evaluation H. VI. 6. 6. Student justifies the characteristic information on the topic
ASSESSMENT
Learning oucomes I level 1l level 11 level 1V level
The Student lists the The Student is not The Student partly The Student The Student fully
signs of physical able to list the signs of | lists the signs of basically lists the | lists the signs of
objects or physical physical objects or physical objects or signs of physical physical objects or
phenomena on the physical phenomena physical phenomena | objects or physical phenomena

description of
mechanical motion

on the description of
mechanical motion

on the description of
mechanical motion

physical
phenomena on the
description of

on the description of
mechanical motion

mechanical

motion
The Student The Student is not The Student partly The Student The Student fully
distinguishes able to distinguish distinguishes basically distinguishes
quantities quantities quantities distinguishes quantities
characterizing characterizing characterizing quantities characterizing

physical objects or
physical phenomena
regarding the
description of
mechanical motion

physical objects or
physical phenomena
regarding the
description of
mechanical motion

physical objects or
physical phenomena
regarding the
description of
mechanical motion

characterizing
physical objects
or physical
phenomena
regarding the
description of

physical objects or
physical phenomena
regarding the
description of
mechanical motion

mechanical

motion
Student applies the Student is not able to Student basically Student partly Student fully
knowledge and skills | apply the knowledge applies the applies the applies the

acquired on the
description of
mechanical motion to
explain the cause of
the occurrence of
natural phenomena

and skills acquired on
the description of
mechanical motion to
explain the cause of
the occurrence of
natural phenomena

knowledge and
skills acquired on
the description of
mechanical motion
to explain the cause
of the occurrence of
natural phenomena

knowledge and
skills acquired on
the description of
mechanical
motion to explain
the cause of the
occurrence of
natural
phenomena

knowledge and
skills acquired on
the description of
mechanical motion
to explain the cause
of the occurrence of
natural phenomena

Student schematically
describes physics
tasks on the
description of
mechanical motion

Student is not able
schematically to
describe physics tasks
on the description of
mechanical motion

Student basically
schematically
describes physics
tasks on the
description of
mechanical motion

Student partly
schematically
describes physics
tasks on the
description of
mechanical
motion

Student fully
schematically
describes physics
tasks on the
description of
mechanical motion
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Student makes a
reasoning based on
the evidence obtained
during the explanation
of events on the
description of
mechanical motion

Student is not able to
make a reasoning
based on the evidence
obtained during the
explanation of events
on the description of
mechanical motion

Student basically
makes a reasoning
based on the
evidence obtained
during the
explanation of
events on the
description of
mechanical motion

Student partly
makes a reasoning
based on the
evidence obtained
during the
explanation of
events on the
description of
mechanical
motion

Student fully makes
a reasoning based
on the evidence
obtained during the
explanation of
events on the
description of
mechanical motion

Student justifies the
characteristic
information on the
description of
mechanical motion

Student is not able to
justify the
characteristic
information on the
description of
mechanical motion

Student partly
justifies the
characteristic
information on the
description of
mechanical motion

Student basically
justifies the
characteristic
information on the
description of
mechanical
motion

Student fully
justifies the
characteristic
information on the
description of
mechanical motion
mechanical motion

As an example, "L.111.3.1. In the sub-standard"” using devices or equipment on the
subject "L - the upper level of intelligence, 111 - the third stage of the Blum taxonomy"
implementation "stage, 3 - the direction of activity" conducting experiments”, 1 - the first
sub-standard of the direction™” conducting experiments” can be demonstrated. Instead of
the word "on the subject™ from the same standard, the subject of the lesson is written. The
negation sentence for the first level is added to the adverbs "partially”, "mainly", and
"whole™ in accordance with the verbs from the other three levels.

According to the Table 2, rubric assessment for topic of “Description of mechanical
motion” for 7th lyceum students was prepared (Table 3).

In addition, a four-level self-assessment schedule for this topic was created (Table

4),

Table 4. Self-evaluation rubric for the topic of "1.1. A description of the mechanical motion" for 7th

grade in lyceum.

Ne Questions | know
B Very weak | Weak | Good Best

1 Can | analyze the sign of a mechanical motion on a

graph?

The movement of the trolley is shown in the picture.

%d‘

Can | represent mechanical motion with graphs?

Koordinat qrafiki
e T S T
0 0 i

This study included 61 seventh-grade (experimental — 30, control - 31) students
from the Baku European Lyceum and 107 seventh-grade (experimental — 54, control - 53)
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students from the Modern Educational Complex. These students were divided into
experimental (84 students) and control groups (84 students). Firstly, the experimental and
control groups were evaluated using pre-tests, and it was determined that there were no
substantial differences between them.

Previously, during teaching dynamics topics, students' knowledge and skills were
evaluated in these groups using Tables 2, and 3. Representatives from both groups were
given 30 physics tasks related to Dynamics at the end of the experiments. All of the tasks
were scored up to 100.

The study was conducted with the approval of the principals of the Baku European
Lyceum and the Modern Educational Complex. Informed consent was obtained from the
students and their parents or guardians before their participation in the study. The students
were informed about the purpose of the study, the procedures involved, and the voluntary
nature of their participation. They were also assured of the confidentiality and anonymity
of their responses.

Additionally, the study followed ethical guidelines in data collection, analysis, and
reporting. The data collected was kept confidential and anonymous, and the participants'
identities were not revealed in any of the reports. The results were presented objectively
and without bias, and any potential conflicts of interest were disclosed.

Moreover, the study ensured that the experimental group and control group were
given equal opportunities for learning and assessment. The new lyceum assessment
standards were only applied to the experimental group, while the control group received
traditional teaching methods. The study aims to improve teaching practices and not
disadvantaged any students.

3. Results

As a result, the indicators of 84 students in the experimental group improved
(M=60.1, SD=7.9) in seventh grade when compared to the indicators of 84 students in the
control group (M=50.4, SD=7.95) (p=0.00) (Table 5 and 6).

Table 5. Groups statistics for 7th grades.

Groups N Mean Std. Deviation Std. Error Mean
Control 84 50,3631 7.95785 0.86827
Experimental 84 60,1369 7.92105 0.86426

Figure 2 depicts boxplots that show the overall performance of students. In the seventh
grade, an examination of the experimental and control groups' results revealed that the
experimental group's minimum value for a correct test answer increased. Furthermore,
50% of the points scored by students in the experimental group were distributed more
densely and at a greater interval in the control group than in the experimental group in
seventh grade.

212



G. SHARIFOV: IMPLEMENTING BLOOM'S TAXONOMY-BASED STANDARDS FOR ENHANCED...

Table 6. Independent t-test results for V11 grade

Levene's Test for
Equality of t-test for Equality of Means
Variances
Sig. Std. 95% Confidence
_ (- Mean Error Interval of the
F Sig. t df | taited | P | piffere Difference
nce
) nce Lower Upper
Equal
variances ,137 712 | -7,978 166 ,000 -9,77 1,23 | -12,19 -7,36
assumed
Equal
variances -7,978 166 ,000 -9,77 1,23 -12,19 -7,36
not assumed

Students points are assigned based on five criteria: 1. Fail 30-40 points; 2. Poor 40-
50 points; 3. Average 50-60 points; 4. Good 60-70 points; 5. Excellent above 70 points.
As seen in Table 7, 84 people participated in the 7th-grade control group, with the
majority (40.5%) having "average" points. When other criteria are considered, 13.1% of
those in the 7th-grade control group showed "fail™ results, 35.7% showed "poor" results,
and 10.7% showed "good" results. There were no "excellent” results in this group.
However, most "good" effects (39.3%) are observed in the experimental group.
According to Table 7, "poor" results account for 14.3%, "average" outcomes account for
35.7%, and "excellent" effects account for 10.7%. In this group, there were no failures.

Points scored by students

Cori:oI_T Expetrr:ernal_?
Groups
Fig. 2. Boxplot for the results of Control and Experimental groups
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Table 7. Results of the 71" grade

7th grade control group 7th grade experimental group
Frequency Percent Frequency Percent
Fail (30-40 11 13,1 12 14,3
points)
Poor (40-50 30 35,7 30 35,7
points)
Average (50-60 34 40,5 33 39,3
points)
Good (60-70 9 10,7 9 10,7
points)
Total 84 100,0 84 100,0
Table 8. Kolmogorov-Smirnov test results
Percentage of acquisition Self-assessment point
based on points (VI grade) (VII grade)
N 84 84
Mean 60,14 6,24
Normal St
Parameters o 7,92 2,42
Deviation
Absolute 0,077 0,065
VoS xeme | Tpositive 0,072 0,062
Negative -0,077 -0,065
Test Statistic 0,077 0,065
Asymp. Sig. (2-tailed) 0,200 0,200

Following these experiments, the correlation between the self-assessment test
results and the acquisition percentage based on the points of seventh-grade experimental
group participants was examined. The results were analyzed using SPSS. The normal
distribution of the numbers in these two columns of variables was first discussed. When
the distribution is normal, we use the Pearson correlation; otherwise, are using the
Spearman correlation (Gogtay & Thatte, 2017). The Kolmogorov-Smirnov test was used
to confirm the normal distribution (Table 8). The p-value for each of the two variables
was 0.200, according to the test statistics. Because it exceeds 0.05, the null hypothesis
cannot be rejected, indicating that the database has a normal distribution. The Pearson
correlation between these two variables was then calculated.

Table 9. Pearson correlation

Percentage of Self-assessment
acquisition based on point
points (VI grade) (VI grade)
Percentage of acquisition | Pearson Correlation 1 0,863
based on points (VI Sig. (2-tailed) 0,000
grade) N 84 84
. Pearson Correlation 0.863 1
Self-assessment point _ _ !
(V“ grade) Slg (2-ta|IEd) 0,000
N 84 84
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Table 9 demonstrates a strong positive correlation between the seventh and eighth
grades (r(84) = 0.863). This correlation was found to be valid (p =.000). It also
demonstrates how proper implementation of newly developed standards for lyceums
students' self-confidence.

4. Discussion

Effective teaching of physics requires a comprehensive approach that takes into
account the different learning styles and abilities of students. Various question types, such
as multiple-choice, short-answer, true-false, matching, and essays, can help students
improve their critical thinking skills. However, open-ended qualitative and quantitative
physics tasks are crucial in developing essential physics thinking abilities. These types of
tasks require students to make inferences and draw conclusions about their surroundings
(Pradana & Suyatna, 2017).

The established standards of the model are based on Bloom's taxonomy through IB,
IGCSE, and AP physics, which is an integral part of the systematic system of teaching
physics in lyceums. These standards have contributed to the growth of lyceum students'
in-depth knowledge and skills in physics and their ability to think logically, critically, and
creatively about a specific physics problem. Unlike Azerbaijan's current curriculum
standards, this model provides a transparent assessment of the student's knowledge and
practical skills in modelling, problem-solving, experimenting, data processing, reasoning,
and technology integration.

The findings of educational experiments support previous results (Kearney, 2013).
It was determined that the selected didactic material for lyceums is accessible to all
students and allows them to develop their knowledge and abilities that meet the regulatory
document's requirements. Research studies have shown that students who are aware of
this fact can better evaluate information, identify relevant information, and interpret data
to solve problems.

The use of Bloom's taxonomy in the model for teaching physics in lyceums is
critical in promoting a deep understanding of physics concepts. This approach involves
six levels of thinking, which include remembering, understanding, applying, analyzing,
evaluating, and creating. The first three levels focus on the acquisition and understanding
of information, while the last three levels focus on the application and synthesis of
information.

The first level, remembering, involves recalling information that has been
previously learned. This level can be assessed using multiple-choice questions, which
require students to recall facts and concepts. The second level, understanding, involves
interpreting and explaining the meaning of information. This level can be assessed using
short-answer questions, which require students to explain the meaning of a concept or
idea.

The third level, applying, involves using information in a new context. This level
can be assessed using true-false questions, which require students to apply concepts to
new situations. The fourth level, analyzing, involves breaking down information into its
component parts and understanding how they relate to each other. This level can be
assessed using matching questions, which require students to match concepts with their
definitions.

The fifth level, evaluating, involves making judgments about the quality of
information. This level can be assessed using essay questions, which require students to
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evaluate a concept or idea based on evidence. The sixth level, creating, involves
synthesizing information to create something new. This level can be assessed using open-
ended tasks, which require students to apply their knowledge and skills to solve a complex
problem. According to a few research studies, students aware of this fact can better
evaluate information, identify relevant information, and interpret data to solve problems
(Loes et al., 2015; Wylie & Neeley, 2016; Romli et al., 2018).

The qualitative element in this research is evident in the detailed description of the
experimental and control groups' performance, as well as the interpretation of the results.

The study reports the improvement in the experimental group's indicators, which is
supported by statistical analysis. The use of boxplots to show the overall performance of
students and the comparison of the experimental and control group's minimum values for
correct test answers provides a visual representation of the data, enhancing the
interpretation of the results.

Furthermore, the study provides a detailed description of the distribution of points
scored by students in both the experimental and control groups, based on the criteria for
assigning points. The description of the percentage of students in each category provides
an understanding of the distribution of results in both groups.

Finally, the study reports the correlation between the self-assessment test results
and the acquisition percentage based on the points of seventh-grade experimental group
participants, and the interpretation of the results suggests a strong positive correlation
between the seventh and eighth grades, which validates the newly developed standards
for lyceum students' self-confidence.

An alternative explanation worth noting is that the study's findings carry significant
implications for enhancing both the teaching and assessment practices in physics
education across Azerbaijan. By utilizing the newly developed lyceum assessment
standards, which are grounded in Bloom's taxonomy, the teaching of natural sciences in
lyceums can be standardized while also promoting a comfortable learning environment
for students. Therefore, it is highly recommended that these assessment standards be
further refined and integrated into physics education for other grades and subjects in
Azerbaijan.

4. Conclusion

In conclusion, the model for teaching physics in lyceums, which is based on
Bloom's taxonomy through 1B, IGCSE, and AP physics, is an effective approach to
promote deep understanding and critical thinking skills in students. This approach
involves different question types that assess various levels of thinking. Open-ended
qualitative and quantitative physics tasks are crucial in developing essential physics
thinking abilities. The use of this model can provide a transparent assessment of the
student's knowledge and practical skills in physics and prepare them for future academic
and professional pursuits.
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