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Sustainable Science Education:
Focusing on Renewable Energy

Do-Yong Park (2} = Q&)
lllinois State University
dpark@ilstu.edu

Purpose:

1. How to develop a sustainable

STEM education using renewable
energy?

2. How to teach a sustainable STEM
education in school?

_37_



‘Question

Renewable Energy
-Wind Energy-

Should it be taught in schools?
Why?

—

Potential problem of the Earth

-Global population:
8.5 billion in 2030; 9.7 billion in 2050

-Energy Needs to be met:
Fossil Fuel: 80%--will Deplete in 2050
Renewable Energy: 13% --will Increase
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~ Teacher’s Knowledge o
Renewable Energy

-US: inservice teachers’ limited knowledge of
renewable energy concepts (Buway, 2007)

-Greece: teachers’ knowledge of wind and
solar-- “limited and inefficient” (Liaroakou,
Gavrilakis, & Flouri, 2009, p. 128).

Overall, teachers’ knowledge of renewable energy is
limited and inefficient.
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power in the United States

Wind Power Capacity

Megawatts (MW)

>400K
200K - 400K
50K - 200K
15K - 50K
1,000 - 15K
100 - 1,000
20-100
0-20

70,000

50,000

40,000

Wind Power Capacity (MW)

30,000

10,000

4,147 4557

ae wind

. Cumulative Capacity

[l @ New Capacity Installations

6222 6619

- . Annual New Capacity Installations
[ 1@ New Capacity instaitations
. 2Q New Capacity Installations

— [ 30New Capacity Installations

11,4
8993

may not aiways add up due to

capacity.

than 100-KW for the purpose of the AWEA US.

datafor each year is

2014

2015
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R

U.S. wind installations represent over 25%
of global wind capacity (2015)

Total Cumulative Installed Capacity by Country [kW]
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" Question:

1. How to develop a sustainable
STEM education using renewable
energy?
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Curriculum Development
Ralph Tyler (1949)
1. Society
2. Structure of Discipline
3. Students’ Interests

Society

Problems of the Society:

Energy
Population
Food
Climate Change
Transportation
Water
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e Oy 5 7__7__,9/’

| Problems of the U.S. Society

+/ Brain Drainage:
Race To the Top (2009) - Obama
« American STEM Education:
New Vision (2018) - Trump
« Shortage of STEM Workforce:

“10,000 Teachers, 10,000,000 Minds”
(NASE)

« Lack of Students’ Problem Solving
Skills

~ Percent Change in U.S. Graduate
Degrees: 1985-2023
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Top 10 College Majors That Lead to High Salaries

Peatroleum s —

Engineering T

Aerospace T—

Engineering -
Chemical —

Engineering a:
Electrical

Engineering
Nuclear 7

Engineering

Applied F—
Mathematics

Biomedical mm
Engineering
PhySics m—

Computer T
Engineering

Economics ==

Metl

wodajersied ' mmm @ *ouj ‘ajeasied @

hodolog
Annual pay
graduates without higher
degrees. Typical starting

™™ Starting Median Pay
[ Mid-Career Median Pay

Y
for Bachelors

graduates have 2 years of

experience;

mid-career

have 15 years. See full
methodology for more.

g

: ] ] %

]

S L

L

Structure of D

-Science

-Technology
-Engineering
-Mathematics
-Integration
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Students’ Interest
-Do not like STEM
-More interested in Sports
-Digital Age
-Money
-Shortage of STEM Workforce

Question:

2. How to teach a sustainable STEM
education in school?
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Sustainable STEM Education &
Successful STEM Program
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Teaching Sustainable Education: Renewable Energy

Depth

Science Technology
Energy, Power 1 |Blade production
Electricity, Turbine

v A\ 4

Context: Renewable Energy (Wind)

t Blade angle &
Model, ) Material,
Calculation, Simulati

i) imulation
Mathematics Engineering

Quantity
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STEM Instruction Using 4E x 2 Instructional Model

, R

Explore #& ‘;

| O

Explai -

xplain ) -

Il t
Extend

(Marshall, Horton, & Smart, 2009)

| __Engage | Explore __

Wind 1) Field trip to a utility- 1) Look inside and touch a
Energy scale wind farm small wind turbine (e.g.
2) “Virtual tour” of awind  Air Breeze owned by
turbine (T) Farnsworth Group).

2) Using a given wind
speed distribution and
wind turbine power
curve, predict the
annual energy output of
the wind turbine. (M)

3) Classroom instruction
on wind energy
resources, parameters,
and evaluation (S)
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| | Explain | Extend

VTGRS VAN 1) Assignment: Usinga 1) Design and test your

given wind speed own model wind
distribution and wind turbine (E)
turbine power curve in  2) Use computer

Chicago, compare and software to evaluate
explain the constructs several different

of the distribution and turbine models on
power curve in Wilton, school property

North Dakota. (E.S.M) (T.E.)
2) Assignment: If you were

designing a wind

turbine, what would be

the most important

parameters for you to

consider and why? (E)

STEM Instruction Method

Co-Teaching: Co-teaching is two or more people sharing
responsibility for teaching some or all of the students
about a subject.

Co-Teaching is an integration of collaboration,
consultation, and cooperation in learning.

Key elements are sharing recourses, cooperative
responsibility, co-planning, seamless instruction, and co-
evaluation.

Project-based Learning
Problem-based Learning
Inquiry-based Science
Integrated Curriculum
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i q;Suc cessful STEM High Schools of the U.S.

Thomas Jefferson High School of
Science and Technology (Virginia)

https://tjhsst.fcps.edu

North Carolina School of Science and h p:! waw.ncssm_edul

Mathematics (residential school for
grades 11-12)

Ilinois Mathematics and Science

https://www3.imsa.edu

Academy (residential - G 10-12)

Brooklyn Technical High School http://www.bths.edu/
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STEM 24| s ZYH
(Heritage Foundation, 2009)
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A210|35| Ok (S761) & 52| 3]
(HR 362)

- “10,000 Teachers, 10,000,000
Minds” (NASE, 2007)

- Sustainable STEM Ecosystems:
SRnS _CHetnS - HCH

42
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Trump’s STEM Education Plan
(2018)

- Build Strong Foundations for STEM
Literacy

- Increase Diversity, Equity, and
Inclusion in STEM

- Prepare the STEM Workforce for the
Future

43

— 7__,

Pathways to Success

- Develop and Enrich Strategic Partnerships

- Foster STEM Ecosystems that Unite Communities

- Increase Work-Based Learning and Training
through Educator-Employer Partnerships

- Blend Successful Practices from Across the
Learning Landscape

- Advance Innovation and Entrepreneurship
Education

44
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U.S.

STEM

EDUCA
TION

ECOSYS
TEM

3-5
years

STEM Programs in

SCHOOLS

Univ. Museum, NGO, Research

Program (RFP):

Institutes, K-12 Schools

x

NRC, NAS, NAE, NIH + NSF, DoED, NASA, DOE

%

Senators, HR
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" Suggestion for a Sustainable
STEM education in Korea
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- U.S., Finland, Japan

Science Classrooms for
STEM Education

| College Level, US
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 High School, Finland
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Science Lab, Japan
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Questions?

dpark@ilstu.edu
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Impact of Engineering Design Integrated Science
Teaching on Student Perceptions of Engineering Design

Frackson Mumba, University of Virginia, USA
Email: mumba@virginia.edu

Abstract
This study examined middle and high school students’ perceptions of
engineering design both before and after exposure to an engineering design
integrated science unit/activity. Integration of engineering design in science
teaching is consisted with the sustainable science education that is designed
to promote problem solving skills among students. Six pre-service teachers
trained in engineering design integrated science taught their units to 395
students. A comparison of pre and post-survey results indicates that students’
perceptions of engineering design were positively influenced.  Furthermore,
results from an ANCOVA suggest that increases in student perceptions were
consistent across both gender and grade level, indicating that the intervention
has the potential to encourage all students to engage with engineering and

engineering design in their futures.

Introduction
Current US Framework for K-12 Science FEducation (National Research
Council [NRC], 2012) and the Next Generation Science Standards (NGSS
Lead States, 2013) emphasize incorporating engineering design (ED) into
science teaching. The NRC’s justification for integrating ED into science
classrooms is based on the following potential student benefits: (1) improved
learning and achievement in science and math; (2) increased awareness of
engineering and the work of engineers; (3) understanding of and the ability

to engage in engineering design; (4) interest in pursuing engineering as a
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career; and (5) increased technological literacy (NRC, 2009, p.49-50).  The
rationale for engineering design integration in science teaching is aligned with
sustainable science education that will promote problem solving skills among
students.

As such, several studies have examined student achievement in both
science (Marulcu & Barnett, 2013; Wendell & Rodgers, 2013) and
engineering design (Crotty, 2017). Results of these studies have largely
supported ED in science classrooms, as a way to improve student
achievement in both science and ED. However, few studies have examined
the impact of ED integrated science instruction on student perceptions of
engineering, despite the fact that increasing “interest in pursuing engineering
as a career” is one of the NRC’s predicted benefits of engineering design
integrated science teaching. In order for students to seriously consider
pursuing a career, it is likely that they first must be exposed to that career
and have positive perceptions of the work performed in that career.

In one such study, Apedoe et al. (2008), researchers examined high
school chemistry students’ interest in engineering careers both before and
after completing the design challenge of creating a heating or cooling unit
that ran on chemical energy. Researchers found that students who
participated in the engineering design unit, exhibited a greater increase in
interest in engineering careers than their peers in the comparison group
(Apedoe et al.,, 2008). Additional studies have indicated that exposure to ED
curriculum can increase students’ engineering identify  development
(Capobianco, Yu, & French, 2015; Yoon et al., 2014).

Within the body of literature on student perceptions of ED and engineering
careers, there are even fewer studies, which take race and gender into
account. However, it is essential to include these factors in such studies, in

bl

part because the “Framework for K-12 Science Education”, explicitly puts
forth the charge of promoting equity through science education, and thus
providing all students with equitable opportunities to achieve the NRC’s five
aforementioned student learning benefits (NRC, 2009). Furthermore, some
researchers believe that it is the explicit inclusion of ED into science

instruction that may appeal to traditionally underrepresented student
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populations and provide them with opportunities for innovation (Mendoza-Diaz
& Cox, 2012). The NGSS echo this sentiment stating, “the inclusion of
engineering with science has major implications for non-dominant student
groups [because] from a pedagogical perspective, the focus on engineering is
inclusive of students who may have been traditionally marginalized in the
science classroom or experienced science as not being relevant to their lives
or future” (NGSS Lead States, 2013, p.Al.2). To ensure that exposure to
ED results in equitable learning outcomes and encourages all students to
pursue careers in engineering, there is a need to compare student outcomes
across demographic groups.

Prior research on gender and racial equity in engineering education
has indicated that the goal of equity is not always achieved. For example,
in a study of middle school students’ career interests, researchers discovered
that 58% of males demonstrated an interest in a career in engineering, while
only 13% of females indicated an interested in pursuing an engineering career
(Ing, Aschbacher, & Tsai, 2014). Furthermore, females were less interested
in designing and inventing things as compared to their male counterparts
(Ing, Aschbacher, & Tsai, 2014). Similarly, in a survey of more than 6,000
high school students, researchers found that males were far more likely to
demonstrate an interest in pursuing a career in engineering than females
(Sadler et al.,, 2012). When examining students’ racial identities, Ozogul et
al. (2017) found that Caucasian students had a more knowledge of and
interest in engineering than their Latino and Latina classmates. Furthermore,
Ozogul et al. (2017) found a positive correlation between student’s knowledge
of engineering and their interest in engineering, which suggests that a greater
exposure to engineering may raise students’ interest levels in pursuing a
career in that field.

However, much of the literature on gender and racial equity in
science education is focused on surveys alone, in the absence of intense
exposure to ED integrated science instruction. More research is needed to
determine whether or not intense exposure to ED integrated science units and
activities within school curriculum can ameliorate the gaps in students’

perceptions of ED and their desire to pursue careers in engineering. A few
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prior studies, in which interventions were used, have shown promising results
in reducing equity gaps in both science knowledge gains (Mehalik, 2008) and
perceptions of engineering identity (Capobianco et al., 2015).
As such, there is a great need to continue this line of work in determining
whether or not ED integrated science lessons truly promote equity as
postulated by the NRC. Additionally, engineering design can be considered as
one way to enhance sustainable science education through increased
problem-solving skills among students. Results from studies including student
demographic when assessing student learning outcomes in science and ED
integrated classrooms can greatly impact the field of science education. If the
results suggest that science and ED integrated instruction reduces gaps in
equity, then more resources are needed to assist teachers in the development
and enactment of this curriculum. However, if science and ED integrated
instruction does not ameliorate equity gaps, then more research is needed to
determine alternative ways to address these inequities instead of persisting
with the current science and ED integrated efforts.

The purpose of this study is two-fold: (1) to determine the impact of
ED integrated science instruction on middle and high school students’
perceptions of ED, and (2) to determine whether grade level or gender

influence students’ perceptions of ED.

Research Questions
1. What is the impact of an ED integrated science units on middle and
high school students’ perceptions of ED?
2. To what extent does gender, ethnicity, and grade level impact middle and
high school students’ perceptions of engineering design, following ED

integrated science units and activities?

Methodology
Participants
Participants include 395 middle and high school students in a Mid-Atlantic
suburban school district. All students were enrolled in science courses taught

by our pre-service teachers during their student teaching semester. This
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study focuses on 6 pre-service teachers and the 25 classes they taught ED
and science. The demographics for the students are indicated in Table 1
below:

Table 1. Student Demographics

Number of Percentage
Students
Grade Level
7" 78 19.7
9" 63 15.9
10" 183 46.3
1" 32 8.1
12" 39 9.9
Gender
Male 177 44.8
Female 218 55.2
Race/Ethnicity
White/Caucasian 319 80.8
African American 16 4.1
Hispanic/Latino(a) 24 6.1
Asian 27 6.8
Multiracial 9 2.3

Context and Intervention

This study is part of a larger research project that is investigating
the impact of ED integrated science instruction on student learning. Prior to
their student teaching, pre-service science teachers were enrolled in a Science
Methods course, which focused on integrating ED into science classrooms.
Pre-service teachers spent nine weeks studying the NGSS, learning about ED
process knowledge and instructional models for integrating ED into science
content, and creating their own science units infused with ED.

Following their training on ED integration, in Fall 2017, pre-service
teachers were placed in middle and high school classrooms for student
teaching. During this semester, they implemented their ED integrated science

units in schools. While all of the units contained the same steps of the
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engineering design process (see Figure 1), the science content varied across

the units.
1. Identify
the Need
A or Problem ""‘\\
8. Redesign . . 2. Ef':;iﬁ‘;nd
Engineering
[/ A\
7. Present Design 3. Brainstorm
Your Possible
Solution Process Solutions

\\ /1

6. Test the 4. 52;:: the
Frototype Solution

5. Construct
\:: the 7

Prototype

Figure 1. Engineering Design Process Model
Table 2 provides a description of the units taught along with the grade level below.

Table 2. Summary of Engineering Design Integrated Science Units Taught

Pre-Service | Title of Engineering Design Grade Level
Teacher* Integrated Science Unit Taught - Middle
School (MS) or
High School
(HS)
Amy Designing Tools to Remove Cancer MS
Abigail | Cheetos Engineering HS
Beth Building Synthetic Tissues HS
Mary Creating Cell Membranes HS
Theresa | Containing Slime Molds HS
Walter Exploring Digestion HS

*Note: Names are pseudonyms
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Data Collection

Prior to the start of the ED integrated science unit, pre-service
teachers administered a survey regarding student perceptions of engineering
design (PED). This PED survey was created by the research team in which
the study was conducted. This survey consists of ten statements about ED
to which students respond on a 5-point Likert scale from “strongly disagree”
to “strongly agree”. An example statement is as follows: “I like using
engineering design to learn science”. After students engaged in the
engineering design integrated science unit, they completed the PED survey for
a second time. Additionally, student demographic information was collected

through the central office and matched with student responses.

Data Analysis

We are still analyzing data. In the first part of the data analysis,
negatively worded items were reverse coded, and each student received a
mean score for pre and post-survey responses. Next, a paired sample t-test
was run to determine if there was a significant difference in student
perceptions before and after the intervention. Then, a univariate analysis of
covariance (ANCOVA) was conducted to determine whether grade level,
gender, or ethnicity had an impact on students’ perceptions of ED using the
pre-survey results as a covariate.

Due to the small sample size within groups in the ethnicity variable,
the assumption of normality was violated, and therefore, ethnicity was
dropped from the final analysis. When including gender and grade level, all
assumptions of the ANCOVA were met, including normality and homogeneity
of variance. Furthermore, calculation of the intra-class correlation coefficient
(ICC=0.0668), demonstrates that the effect of teacher clustering is very low,
and thus was not included in the preliminary analysis. Further analysis will

be conducted for the presentation.
Results

These are preliminary findings, which will be expanded upon for the

presentation. Results of the paired sample t-test indicate that following the
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intervention, students’ perceptions of ED were significantly more positive
(u=3.594) as compared to before the intervention (u=3.181) (t=-13.942,
p<0.000). When performing the ANCOVA, with the pre-survey results as the
covariate, students with higher pre-survey scores achieved higher post-survey
scores. There were no significant effects of gender [F(1,384)=
0.017,p=0.897], grade level [F(4,384)= 1.456,p=0.215], or the interaction of
gender and grade level [F(4,384)= 1.427,p=0.224] on students’ perceptions of
ED, when accounting for pre-survey scores. Overall, the model accounts for
approximately 31.7% of the wvariability in post-survey scores, which is
considered a small to moderate effect. These preliminary findings suggest that
(a) both girls and boys expressed similar changes in perceptions of
engineering design over the course of the intervention, and (b) both middle

and high school students held positive perceptions of engineering design.

Discussion and conclusions

Results indicate that exposure to ED integrated science can positively
influence students’ perceptions of ED. Furthermore, these increases in student
perceptions of engineering design are present across grade levels and gender.
Specifically, there are no statistically significant differences amongst males
and females in how ED integrated science units impacted their perceptions.
These results are encouraging in light of prior research which suggests that
males and females have different interest levels in engineering and
engineering careers (Ing, Aschbacher, & Tsai, 2014).  Additionally, the
findings from this study are similar to previous studies on ED interventions,
which suggest that exposure to engineering design may reduce previous
identified gaps in STEM equity (Capobianco et al., 2015; Mehalik, 2008).
Thus, providing middle and high school students with hands-on opportunities
to learn about ED, may help to both increase students’ perceptions of ED
and to propel NRC’s mission to promote equity through science education
(NRC, 2009).

This study contributes to literature on students learning outcomes.
This study is significant to those who are involved in science teacher

education, engineering education, equity in engineering education, and research
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in K-12 engineering education. The findings are also within the rim of
sustainable science education theme that will promote problem solving skills

among students.
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D-01
ENVIRONMENTAL EDUCATION AND DIRECTION
OF THE UNDERGRADUATES" WORLDVIEWS

THROUGH STUDYING OF SOME ENDEMIC
PLANT SPECIES IN THE SOUTH UZBEKISTAN

Khujanazarov Uktam Eshtemirovich™ Sadinov Jasur
Samandarovich ™

Tashkent state pedagogical university named after Nizami

Introduction

The most significant achievement of Uzbekistan in 2011 in
the field of ESD (Education for sustainable development) was
adoption by Resolution No0.20/2/305 (dated 19 ™ June, 2011) on
“Concept education in purpose of sustainable development” with
participation of the State Committee for Nature Protection,
Ministry of Public Education and the Ministry of Higher and
Secondary Specialized Education. Environmental problems of
Uzbekistan regions are closely connected with the decrease of the
natural landscape’s productivity, depletion of water systems and
soil erosion. Education is a key tool for a transition to
sustainable development through the forming of knowledge, skills,
abilities and the opinions of people required for their active
participation  towards  sustainable  development and an
interconnected solution to economic and social challenges in

accordance with the requirements of environmental protection

1) Corresponding author: khuzhanazarov74@mail.ru, Phone: +998908088443
2) Corresponding author: ssjasur(@mail.ru, Phone: +998977555405
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(www.carec.kz.). In Uzbekistan, curricula, programs and standards

of formal education reflect educational strategies supporting only EE
(Environmental education) as one of the ESD components. The
program, ‘World surrounding us’, is taught in first and second
grades and integrated into such subjects as botany, biology,
chemistry, geography and others. Non-formal ESD is implemented
preferably through non-governmental organizations and non-
commercial organizations in the Republic of Uzbekistan. Non-
governmental organizations actively working in ESD sphere include

the www.ecomaktab.uz, @ www.econews.uz, = www.uznature.uz and

others. So this article includes of the environmental education and
nature protection through studying the endemic plant species during
the class of undergraduates’ ecology subject and it helps to students
to develop viewpoints of students to sustainable development of the

country.

Methods of research

In the higher educational institutions, we can use case study
tasks, brain storming, modular learning technologies to develop
viewpoints of students for sustainable development, because one of
the most promising learning systems is that it is best adapted to
the system for developing students’ cognitive and creative abilities
(Tolipova J., 2012). In traditional education, the learning objectives
are expressed through pedagogical activity, that is, education,
while the modular learning, case study, brain storming are
expressed through the activities of the learners and focuses on

professional activities.
Results

The key strategic ideas for sustainable development in

Uzbekistan are reflected in the following strategic and program

- 232 -



documents, such as Nukus Declaration of Central Asian States and
the International Community on Sustainable Development of the
Aral Sea Basin (September 5, 1995);The Decree of the President of
the Republic of Uzbekistan dated on May 20, 2011 No. PD (President
Decision)-1533, that about “On measures to strengthen the material
and technical bases of higher education institutions and improve
the quality of training of highly qualified specialists”s  National
Action Program for 2003-2015 under the UNESCO the project of
“Education for All"; National Action Plan on the protection of
environment noted for 2008-2012; The decision of the Cabinet of
Ministers of the Republic of Uzbekistan dated on May 27, 2013, No
142, “On the Program of Action for the Protection of Environment
in the Republic of Uzbekistan for 2013-2017"; The decree of the
President of the Republic of Uzbekistan of “About Strategy of
Action for the Future Development of the Republic of Uzbekistan”
in February 7, 2017, NoPD-4947 will be based to develop the
sustainable development education.

The main purpose of Sustainable Development Education is
to integrate the ideas and principles of sustainable development
with all forms and stages of education, and to educate those who
are able to think independently, critically, socially, economically,

and environmentally and actively.

The main activities are:

- Integrating strategic development objectives in education,
environmental protection and socio-economic legislation:

- Taking into account the strategic objectives of education for
sustainable development in government programs;

- Development and implementation of educational programs
based on interactive teaching methods, including information
and communication technologies;

- Promoting the development of new activities including
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nanotechnology for scientific activities and sustainable

development (Khujanazarov U.E., 2014,2016).

In sustainable development education, for example in

ecology teaching we can use the case study tasks.

Assessment of students’ knowledge, skills and abilities are
obtained on the basis of case study test tasks in ecology and
nature protection.

In the following, there are theoretical materials, you should
read it and describe your viewpoints on the case study tasks into
tables:

There are about 4500 species of wild higher plants and
over 2000 species of fungi in the territory of Uzbekistan. About
400 of them are rare, endemic and relict species (10-12% of flora).
Effective measures are necessary for their protection. Although the
status of flora protected in the reserves is rather good, natural
stocks of wild species have sharply reduced.

During the field expeditions in the area of the Talli Pass
(Kashkadarya region, Uzbekistan), the only cenotic population
Allium jesdianum sub sp. angustitepalum (Wendelbo) F.O. Khass. &
R.M. Fritsch was found, previously given only for Kugitang (Figure
1.). It grows on the western exposition of the dividing part of the
ridge. The soil of the described area is multi-grained serozem.
Coenopopulation grows in the part of the mixed herb-wormwood
-maple community. The total projective cover of the grass stand is
about 56%. The species composition of the community consists of

29 vascular plants, where the vast majority are perennials (Tab.1.)
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Figure.1 — Allium jesdianum subsp. Angustitepalum in the area of Talli Pass.

Table 1 - The species composition of mixed herb-wormwood-maple community

No. Name of the plants Life form Projective cover, %
1 Acer pubescens Tree 5
2 Artemisia tenuisecta Semi-shrub 25
3 Crambe kotschyana Perennial 5
4 Ferula kuhistanica Perennial 5
5 Carex pachystylis Perennial 10
6 Eremurus olgae Perennial +
7 Verbascum songaricum Perennial +
8 Arum korolkowii Perennial +
9 Cousinia radians Perennial +
10 Poa bulbosa Perennial 3
11 Poa pratensis Perennial +
12" | Phlomis olgae Perennial +
13 | Poa trivialis +
14 Taraxacum brevirostre Perennial +
15 Astragalus sp. Perennial +
16 Corydalis sewerzowii Perennial +
17 Gagea gageoides Perennial +
18 Linaria popovii Perennial +
19 Crocus korolkowii Perennial +
20 Pseudosedum sp. Perennial +
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21 Talictrum sultanabadense Perennial +
22 Alyssum campestre Perennial +
23 Roemeria refracta Annual +
24 Ceratocephala falcata Annual +
25 Bromus tectorum Annual 2
26 | Malcolnia grandiflora Annual +
27 Taeniatherum orinitum Annual +
28 Thlaspi perfoliatum Annual +
29 Rochelia cardiosephala Annual +

A low proportion of juvenile individuals in cenopopulation is
associated, on the one hand, with the flushing of young immature
plants during spring mudflows, and on the other one, with
intensive grazing. It should be noted, that the only cenopopulation
of the species grows in the dividing part of the ridge not far from
settlements. The territory is used for pasture almost year-round. A
slightly ~ larger  proportion of  immature  individuals in
cenopopulation is associated with vegetative reproduction. In
general, cenopopulation is in critical condition. This is facilitated
by year-round grazing in this area. In general, this area is one of
the key botanical territories of the Republic. Here, in addition to
Allium jesdianum, there such unique, narrow-local endemic species
grow as Julipa uzbekistanica, Allium botschantzevii, Eversmannia
botschantzevi (endemic to the Zindansay river basin) and Salvia
lilacinocoerulea and Hedysarum magnificum. In order to protect
the populations of these unique species, local government members
should control these areas by regulating pasture rotation.

So, desertification of pasture ecosystems is one of the
essential problems in Uzbekistan. It became apparent through
increase of barkhans area; increase of extremely saline soils with
lighted plant; communities of hyper halophytic species; vanishing
of shrubby dominants with final sinusia of ruderal plants
(Peganum harmala, Karelinia caspica, Aeluropus litoralis, Limonium
otolepis). Billions of dollars are spent for restoration of Aral Lake
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and for an improvement of this ecological catastrophe, but
situation has not changed much, and water level is still going

down.

Case study task 1.

Types of problems Origin of the problems | To inhibit the problems

Represent the decreasing of
endemic plant species in the
South Uzbekistan

Arising of degradation

Case stuady task 2.

Types of problems Origin of the problems | To inhibit the problems

Desertification  of  pasture
ecosystems

Sand movement

Conclusions

1. Generalization and enlargement of education of ecology or ESD
in Uzbekistan;

2. Lack of ecology teachers at schools = need to reeducation
program for teachers;

3. Lack of information about ESD for students and teachers =
need to publish teaching materials about ecology and ESD;
Need to add the ecology subject to middle school programs:

5. Need to collaborate and share research and education between
Korea and Uzbekistan;

6. Need to increase more lectures and strengthen the relations
research materials on ecology environment for students;

7. Need to perform ecological events and celebrate eco-dates at

educational institutions.
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