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Japan International Cooperation Agency (JICA) implemented the first and second phase of 

Strengthening of Mathematics and Science Education (SMASE) Project in the Republic of Kenya from July 

1998 to December 2008, aiming to improve mathematics and science education through in-service teacher 

training. The project has successfully established the in-service teacher training system for whole secondary 

mathematics and science teachers. Through teachers’ leaning of ASEI/PDSI Activity, Student-centered, 

Experiment, Improvisation / Plan, Do, See, Improve approach, which was introduced by the project and aimed 

to improve teaching skills to realize the student-centered lessons, the project has changed mathematics and 

science teachers’ attitudes towards lessons. Furthermore, such lessons in which students participate actively 

were realized by those trained teachers.           

This approach has been spreading in 33 countries and one region in Sub-Saharan Africa as of April 

2009 . For instance, Kenya started the third phase targeting the primary level, and Malawi, Uganda and 

Zambia also started the second phase to strengthen mathematics and science education further. 

While JICA’s education cooperation with ASEI/PDSI approach in Sub-Saharan Africa is spreading, it 

is necessary to further strengthen teachers’ skills to make stronger impact at the classroom level. At the same 

time, it is also necessary to prepare quality training materials and references which are developed based on the 

practical student-centered approach and the sequence of curriculum. 

In this regard, JICA conducted this Research Project, “Student-Centered and Curriculum 

Sequence-based Materials for Mathematics and Science In-service Teacher Training: Based on Kenya’s 

Curriculum,” to develop materials to which counterparts of the project could refer when they develop training 

materials with Japanese experts’ assistance. 

This report introduces the background and structure of the research project, and materials that has 

been developed by the research project. We hope that these materials would be utilized to improve the quality 

of mathematics and science education in Sub-Sahara African countries. 

 Finally, I strongly appreciate the earnest dedication and great contribution of all members of the 

research project and continuous support to this research project. 

December 2009 

Nobuko Kayashima 

Director General 

Human Development Department 

Japan International Cooperation Agency 





SMASE-WECSA Association: 33 Countries and 1 Region
1
 in Sub-Saharan Africa  

 (As of April 2009) 

Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Congo, Cote D’Ivoire, Egypt, Ethiopia, Ghana, 

Gambia, Kenya, Lesotho, Madagascar, Malawi, Mari, Mauritius, Mozambique, Namibia, Niger, Nigeria, 

Rwanda, Senegal, Seychelles, Sierra Leone, South Africa, Swaziland, Sudan, Tanzania, Uganda, Zambia, 

Zanzibar and Zimbabwe 

                                           
1 One region indicates Zanzibar Islands which are ones of compositions of United Republic of Tanzania. These islands have the 

power of Judiciary, legislation and administration and have its own president. 









Japan has expanded its educational cooperation in Sub-Saharan Africa since it started the 

Strengthening of Mathematics and Science Education in Secondary Education (SMASSE) Project of Kenya in 

1998. The SMASSE has facilitated SMASE-WECSA network (Strengthening of Mathematics and Science 

Education in Western, Eastern, Central and Southern Africa network as one of the project activities and now 

we can count 33 countries and one region, which are making efforts to improve mathematics and science 

education in their own countries. The number of technical cooperation projects deploying SMASE-typed 

approach, which are to strengthen mathematics and science education or in-service training system, has 

increased up to 10 countries in the SMASE-WECSA network. Like Kenya, Malawi, Uganda and Zambia 

completed Phase I and are already in the next phase to expand their outputs in other areas of their countries. 

Moreover, in TICAD IV Yokohama Action Plan (2008) under the “Yokohama Declaration”, Japanese 

government showed its commitment to provide training to 100,000 in-servicing mathematics and science 

teachers.

We have two reasons that the Kenya SMASSE project is highly evaluated. First, the project 

succeeded to create a simple and easily understood model, the “ASEI/PDSI” approach (Activity, Student, 

Experiment and Improvisation / Plan, Do, See and Improvement)
2
. This approach is an educational movement 

for realizing student-centered lessons with experimental activities. Secondly, the project could contribute to 

institutionalizing the in-service training system nationwide by deploying a cascading model. Training materials 

of the SMASSE project targeting secondary level based on the ASEI/PDSI approach are now assimilated 

among the SMASE-WECSA member countries.  

In order to further enhance the quality of teacher trainings and maximize the impact in the classroom 

of Kenya and other countries, JICA recognizes that the quality of training materials also play an important role. 

In terms of quality of teaching materials, Japanese textbooks and teaching guides are well known as highly 

competitive in the world. Thus, JICA launched a research project to develop teaching materials utilizing 

Japanese knowledge and experiences. The research project collaborates with a Japanese textbook company and 

                                           
2 ASEI is a key word in the project for lesson innovation. Activities for the students such as practical work, discussion, 

presentation etc, and should be taken more in the lesson to promote students’ active participation. Not the teacher but the students

should be placed at the center of lesson. How the students learn should be given priority over how the teacher teaches. Students 

should be given opportunities to perform experiments, which enhance understanding of concepts and principles in mathematics 

and science. When conventional apparatus is not available, teachers should make efforts to give experiments by improvising

using locally available resources. However, improvisation is also used for creating interest in the learners. ASEI lesson is made 

possibly by Plan, Do, See, Improve (PDSI) practice. 

Plan: Careful preparation based on learners’ needs and problems 

Do: Teach the lesson, using well-chosen and planned activities 

See: Evaluate the lesson at all stages of its development 

Improve: Feedback the evaluation results to improve lesson instructions and future planning and implementation. 



six experienced teachers who had expertise in writing Japanese textbooks. 

The project aimed at producing exemplar teaching materials that would be utilized as technical 

references in developing training materials of INSET. Those teaching materials are produced based on Kenyan 

syllabi and textbooks (science subjects) under the supervision of Professor Shigekazu TAKEMURA, former 

academic advisor of SMASSE project. Produced materials are targeted at Kenya Grade 6 to 8 in the units of 

“Human Body,” “Plants,” “Making Work Easier” and “Energy.”   

As these materials extracted the essence of Japanese quality teaching materials, it is expected that 

other countries such as WECSA members would utilize them when they develop training materials for INSET. 

However, it would be very important that each country adjusts these materials into local context in each 

country. If these materials are appreciated, each country is encouraged to develop similar teaching materials 

that cover the remaining units by a close consultation with Japanese experts.     



Quality of training modules and materials for mathematics and science education in 

SMASE-WECSA network are improved.

Sixteen science materials for primary grade 6
th
 to 8

th
, which clearly consider sequence between 

grades and learning objectives, are developed as reference materials for in-service training, mainly focusing on 

Kenya. 

The research project developed following materials comprised of twelve units of science materials 

(four units per 6
th
, 7

th
 and 8

th 
grade.)

Training modules (Background information of materials, Learning objectives of each unit, Teaching 

system, Unit teaching plan, Lesson plan) 

Learning materials (worksheets) for students to promote effective lesson practice by trained teachers 

Evaluation tests and student questionnaires to confirm effectiveness of trainings based on changes of 

students’ learning attitude and students’ comprehensions on the topic 

The project consists of researchers or professors in the field of science and practitioners such as 

teachers who have a plenty of experiences of developing Japanese science textbooks. After researchers wrote 

materials with a pedagogical point of view and teachers wrote them with the practical point of view, all 

members gathered to discuss those materials at the meeting held by JICA human development department. 

JICA recruited Mr. Fukuo as a consulting service consultant to edit and correct materials with his experience in 

Japanese textbook publishing company, Keirinkan Co ltd.      

                                    

Science

Researcher

(Advisor)  

Hiroshima University, Professor Emeritus, 

Former Academic Adviser of SMASSE Project 
Professor Shigekazu TAKEMURA 

Consultant Assistant Manager, Corporate Planning Mr. Hiroshi FUKUO 



Department, SHINKOSHUPPANSHA 

KEIRINKAN Co. Ltd. 

Visiting  professor, Faculty of Integrated Arts and 

Social Sciences, Japan  Women's  University 
Ms. Yoko TSUKADA 

Deputy General Manager, School Education & 

Youth Development Division, Japan Committee for 

UNICEF 

Ms. Hiroko NAGAI 

Chief Teacher, Third Junior High School, 

Nakano-ku, Tokyo 
Mr. Hiroya NAGAHAMA 

Part-time Lecturer, Faculty of Education Human 

Sciences,

University of Yamanashi 

Mr. Tadao HATANAKA 

Chief Teacher, Kameido Second Junior High 

School, Koto-ku, Tokyo 
Ms. Junko MAKINO 

Practitioners in 

Science

Education Field 

Chief Inspector of Schools, School Inspection 

Division, Education Office, Sumida-ku, Tokyo 
Mr. Tetsuya MURAYAMA 

Senior Advisor (Education), Human Development 

Department, JICA 

Senior Advisor, Mr. Atsushi 

MATACHI 

Director, Mr. Shinichi ISHIHARA 

Mr. Tatsuhiro MITAMURA 

(as of December 2008) 

Assistant Director, Ms. Minako 

SUGAWARA 

Associate Expert, Mr. Shinpei 

TAGUCHI (as of December 2008) 

Associate Expert, Mr. Ken 

FURUKAWA 

Secretariat Basic Education Division2, Basic Education Group, 

Human Development Department, JICA 

Associate Expert, Ms. Tomoko 

MATSUMOTO 



Professor Shigekazu TAKEMURA wrote Sequence of Teaching Contents, Sequence and Structure of 

Related Topics, Impact Assessment Survey (NEW SPIAS: SMASE Project Impact Assessment Survey) and 

proofread whole materials.

Activity Agenda 

Preparatory meeting with a 

editor consultant  

Basic policy  

Exchanging ideas on writers (6 Science Education Practitioners

Unit Grade 6 Grade7 Grade8 

Human Body Mr. Tetsuya 

MURAYAMA 

Ms. Yoko 

TSUKADA 

Mr. Tetsuya 

MURAYAMA 

Plants Ms. Hiroko 

NAGAI 

Mr. Tadao 

HATANAKA 

Mr. Tadao 

HATANAKA 

Energy Ms. Junko 

MAKINO 

Ms. Yoko 

TSUKADA 

Mr. Hiroya 

NAGAHAMA 

Making Work Easier 
Ms. Junko MAKINO 

Mr. Tetsuya 

MURAYAMAMA 

Mr. Hiroya 

NAGAHAMA 

 Science 

Teachers 

Researchers 

Advisors 

Curriculum analysis 

with the pedagogical 

point of view 

Drafting materials with 

an educational practical  

point of view

Editing Consultant

Material Analysis, Logistics, 

Editing and Proofreading 

Secretariat JICA Human Development Department



Drafting Materials by Professor Takemura and the Consultant 

Meeting with Professor 

Takemura and the consultant 

2008.12.11

Overview of the research project and basic policy 

Introduction of draft materials 

Selection of 6 science education practitioners 

1
st
 research project Meeting  

(2008.12.18

Introduction of members 

Report on Kenyan actual lessons by JICA 

Exchanging ideas on draft materials  

Fixing writer’s section 

Materials Writing by Practitioners 1
st
 Unit

2
nd

 research project meeting

2009.01.22

Discussion on 1
st
 drafts 

1
st
 Unit Rewriting and Writing 2

nd
 Unit by Practitioners 

3rd research project meeting 

2009.02.14

Discussion on 12 units  

Submission of Final Materials to the Consultant 

Final meeting 2009.03.27 Reporting on the materials by the consultant  

Submission of Final Materials to JICA  

Kenyan Textbooks below were referred to develop materials. 

Primary Science Pupils’ Book for Standard 5-8, Kenya Literature Bureau 

Primary Science Education Foundation Science Pupils’ Book 5-8, The Jomo Kenyatta Foundation 

Understanding Science Pupils’ Book 5-8, Longhorn 

Primary Science Pupils’ Book 5-8, Macmillan 

Science in Action 5-8, Oxford 

The textbooks and specific pages that were referred in each material are shown in the table below. 

Reference pages without particular names of publishers are of textbooks of Kerinkan and Kenya Literature 

Bureau.

Objectives 

To distinguish the various reproductive organs 

To explain the functions of the various male and female reproductive organs 

To explain secondary sexual characteristics 

Grade 6 

Kenya 

p.1-7 

Japan 

Health and physical education for Jr. high school, 2006 version, p.5-23, 



 Tokyo Shoseki, 

Textbook Training of health and physical education covered whole 

textbook, p.64-73 

Objectives 

To distinguish the organs (components) of the circulatory system 

To explain components and function of blood 

To distinguish types and function of blood vessels  

To explain structure and function of the heart  

Grade 7 

Kenya 

p.1-12  

Japan 

Jr. high school science grade2 (One), 2001 version, p.98-101,114 

Jr. High school science grade 2(One), 2006 version, p.119-126 

Jr. High school science grade 2 (One), Detail book, 2006 version, 

p.187-203, 234-241 

Exercise book (Old version) for Jr. high school grade 2, p.40-41 

Textbook Training 2 (One), p.86-93 

Objectives 

To explain human fertilization 

To discuss foetal development 

To explain the process of birth  

To consider main excretory organs relating to waste products 

Grade 8 

Kenya 

p.1-19  

Japan 

Primary science grade 5 (One), 2005 version, p.24-29 

Jr. high school science grade 2 (One) 2001 version,p.102-106 

Jr. high school science grade 2 , 2006 version, p.119-126 

Jr. high school health and physical education, 2006 version p.5-23, Tokyo 

Shoseki 

Primary science grade 5 (One), Summary book, p.36-43 

Primary science grade 5 (One), Research book, 2005 version, p.53-66 

Jr. high school science grade 2 (One), Detail book, 2006 version, 

p.187-203, 234-241 

Exercise book (Old version) for Jr. high school grade 2, p.43-44 

Pittari (Appropriate) Test for primary grade 5, p.18-23 

Textbook Training 2 (One), p.86-93 

Textbook Training of health and physical education covered whole 

textbook, p.64-73 

 Grade 6 Objectives 

To describe and categorize parts of flowers 



To explain pollination and fertilization  

To describe and categorize seed parts 

To research necessary conditions for germination 

Kenya 

p. 21-32 

Japan 

Primary science grade 5 (One), 2005 version, p.4-15 

Primary science grade 5 (One), 2005 version, p.32-43 

Jr. high school science grade 2 (One) , 2001 version, p.9-17, 32-41 

Jr. high school science grade 2 (Second) , 2001 version, p. 48-51 

Primary science grade 5 (One), Summary book2005 version, p.46-59 

Primary science grade 5 (One), Research book, 2005 version,  p.67-84 

Jr. high school science grade 2 (One), Detail book, 2001 version, p.41-65, 

110-139 

Jr. high school science grade 2 (Second), Detail book, 2001 version,  

p138-149, 160-161 

Pittari (Appropriate) Test for primary grade 5, p.2-11, 24-31 

Textbook Training 2 (One), p.10-15, 30-39 

Textbook Training 2 (Second), p.38-47 

Objectives 

To explain interdependence between plants 

To explain interdependence between plants and animals 

To explain the food chain 

To explain agriculture crops and pests 

To consider various influence of pests on agricultural crops relating to extermination 

measures  

Grade 7 

Kenya 

p. 42-66 

Japan 

Jr. high school science grade 2 (Second), 2006 version, p.100-122 

Jr. high school science grade 2 (Second), Detail book, 2006 version, 

p.187-233 

Textbook Training 2 (Second), p.76-97 

Objectives 

To explain environmental adaptation of plants  

To distinguish indicators of diseased crops  

To explain crop diseases and their influences 

Grade 8 

Kenya 

p. 32-47 

Japan 

N/A 

Grade 6 Objectives 

To explain under what conditions light will reach 



To distinguish transparent, translucent and opaque substances 

To show reflection of light 

To research reflection of light 

Kenya 

p.65-81 

Japan 

Jr. high school science grade 1 (One) , 2006 version, p.2-15, 36-37 

Jr. high school science grade 1 (One) , Detail book, 2006 version, p.17-55 

Textbook Training 1 (one), p.4-9,28-31 

Objectives 

To identify sources of electricity 

To construct simple circuits 

To investigate conductive and non-conductive materials  

To explain how to use home electrical appliances 

To explain safety measures when electrical appliances are used 

To explain safety measures to prevent damage or injury from lightning  

Grade 7 

Kenya 

p.106-129 

Japan 

Primary school grade 3, 2005 version, p.62-71 

Jr. high school science grade 1 (One) , 2006 version, p.87-98 

Primary school grade 3, Summary book, 2005 version, p. 82-93 

Primary school grade 3, Research book, 2005 version, p.115128 

Jr. high school science grade 1 (One) , detail book, 2006 version, p.172-205

Pittari (Appropriate) Test for primary grade 3, p. 56-65 

Textbook Training 1 (one), p.66-77 

Objectives 

To explain meaning of energy 

To explain different types of energy 

To explain transformation of energy 

To explain conserving energy 

To recognize necessity of conserving energy 

Grade 8 

Kenya 

p. 128-159 

Japan 

Jr. high school science grade 1 (Second) , 2006 version, p.61-74, 79-89, 

97-113 

Jr. high school science grade 1 (Second) , Detail book, 2006 version, 

p.93-107, 131-155, 157-177, 193-213 

Textbook Training 1 (Second), p.50-61, 66-73, 84-98 

Grade 6 Objectives 

To move objects and stop moving objects 

To explain meaning of force 



Kenya 

p. 88-107 

Japan 

Jr. high school science grade 1 (One) , 2006 version, p.23-34 

Jr. high school science grade 1 (Second) , 2006 version, p.45-60 

Jr. high school science grade 1 (One) , Detail book, 2006 version, p.17-33, 

67-88 

Jr. high school science grade 1 (One) , Detail book, 2006 version, p.93-130

Textbook Training 1 (One), p.16-31 

Textbook Training 1 (Second), p.38-49 

Objectives 

To investigate friction 

To explain advantages and disadvantages of the work of friction 

To show ways to increase and decrease friction 

To explain positioning of a lever’s fulcrum, load and effort 

Grade 7 

Kenya 

p.152-174 

Japan 

Primary school grade 5 (One), 2005 version, p.66-77 

Jr. high school science grade 1 (Second) , 2006 version, p.45-67 

Primary school grade 5 (One), Summary book, 2005 version, p.86-99 

Primary school grade 5 (One), Research book, 2005 version, p111-128 

Jr. high school science grade 1 (One) , Detail book, 2006 version, p.93-141

Pittari (Appropriate) Test for primary grade 5 (One), p.48-59 

Textbook Training 1 (Second), p.38-55 

Objectives 

To investigate how to incline slopes to make work easier 

To investigate how to use one fixed pulley to  make work easier 

Grade 8 

Kenya 

p.160-181 

Japan 

Jr. high school science grade 1 (Second) , 2001 version, p.95-99 

Jr. high school science grade 1 (Second) , Detail book, 2001 version, 

p.272-287 

Exercise book (Old version) for Jr. high school grade 3, p.21-27 



The Kenyan Curriculum consists of the four streams, Human Body, Plants, Energy and Making Work Easier. 

Its features are as follows:  

Human Body 

In Kenyan curriculum, several sub units are of health and physical education in 

Japanese Curriculum. Kenyan curriculum encourages students to memorize the 

names of organs. 

Plants 

In Kenya, plants and crops are closer and more important to peoples’ daily lives than 

those in Japan. Therefore, in this unit, pupils learn deeply a relationship between 

plants and human beings, and the influence of pests.  

Energy 

Light and Sound are taught in the introduction stage and follow Energy, Reflection 

and Refraction of Light, Electricity and Conversion of Energy. The Concept of 

Energy is more deeply taught compared to current Japanese Course of Study. 

Several points are related to the unit of “Making Work Easier.”  

Making Work Easier 

General concepts are introduced in this unit while quantitative experiments are not 

included as Japanese curriculum. Examples in textbooks are related to local 

environments. Several points are related to the unit of “Energy.”  

*Please refer to “Sequence of Teaching Contents” (p.17) and “Sequence and Structure of Related Topics” 

(p.32).

The contents of the materials were structured as follows:  

Rational of this unit 

Basic concepts in order to plan and implement lessons such as background 

information of materials, significance of learning units and what pupils should 

achieve through units 

Objectives: what pupils 

are expected to achieve in 

this unit 

Objectives of the unit which are indicated mainly in the areas of knowledge and 

understanding of syllabi  

Interrelation of contents 

of each grade 

Contents of Syllabi are indicated in order to tell what pupils learnt in former 

grades and sequences of following grades.

References to know what pupils learnt in former grades 

*Please refer to “Sequence of Teaching Contents” (p.17) and “Sequence and 

Structure of Related Topics” (p.32). 

Before starting this unit Background information before starting the unit such as current learning status of 



the pupils, preparatory notes, common misunderstandings and relations to daily 

lives 

Objectives to be achieved 

by competency 

Competencies are categorized into three groups, such as “Interest, motivation 

and attitude”, “Scientific thinking and communication activities” and 

“Knowledge, understanding and skills in observation and experimentation.” 

(In current Japanese Course of Study, there are 4 groups such as “Interest, 

motivation and attitude”, “Scientific thinking”, “Knowledge and 

understanding” and “communication activities and skills in observation and 

experimentation.”

Following “Unit teaching plan” and teaching hints and advice of “Lesson 

Plan” show when teachers can evaluate pupils with objectives of three 

competency groups. 

* Evaluations should be done only in the case of necessary.  

Ideas behind the 

structuring the unit 

The concept is based on the following “Unit teaching plan.”  

Unit teaching plan 

A Teaching plan of the whole unit 

Names of Sub-units and allotted time are shown in the columns of Sub-unit. 

(Allotted 35 minutes for1 period as Kenyan practice)  

In the columns of description, practical activities and timing of evaluation. 

“Lesson Plan”, “Sub-Unit Review Test “and “Final Unit Evaluation Test” 

with bold lines can be referred in following pages.  

*“Unit Teaching Plan” suggests to conduct “Sub-Unit Review Tests” at the end of 

sub-unites, but time for tests are not allocated because of constraint of annual 

teaching periods. Tests as homework can be given depending on the progress of 

the class. 

Lesson plan 

The top-left columns tell each title of lesson activities such as 

Introduction, Questions, Experiment and Presentation. They also show rough 

time allotted. (Allotted 35 minutes for 1 period) 

The columns of “Learning flow and activity” show pupils activities.  

The columns of “Teaching hints and advice” tell evaluation timings.  

Worksheet 

Worksheets are used for observations and experiments by pupils. Writing 

down contents by pupils’ own hands strengthens students’ understanding.  

If it is not possible to distribute worksheets by papers, teachers should draw 

the contents of worksheets on the class boards.  

Sub-unit review test 

Formative evaluation tests (small quizzes) used at the end of sub-units in 

order to strengthen basic understanding before starting next sub-unit.  

* Time for tests are not allocated because of constraint of annual teaching periods. 



Tests as homework can be given depending on the progress of the class. 

Final unit evaluation test 

Evaluation tests which cover whole unit to confirm students’ learning 

achievement 

Those evaluation tests are developed with consideration of certificate 

examination of primary level and program for International Student 

Assessment (PISA) by OECD. 

Student questionnaire 

Questionnaires should be done at the end of unit.  

Self-evaluation questionnaires to ask learning activities, interests and 

motivation. 

This questionnaire can be used for units.  

References 

References for lessons such as backboned knowledge and important points of 

experiments 

Examples of assessment questions of Kenyan text books (complements of 

unit evaluation tests) 

important scientific words of materials of Kenyan text books 

Readers shall not copy all pages of this material if they need to translate or transfer illustrations and 

figures of materials for the purpose of training use.  

Most Illustrations and figures of this material are used for general science subject areas. However, 

some Kenyan animals and plants have not been confirmed their accuracies. 
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ld
 b

e 
a

b
le

 t
o:

 
ob

se
rv

e 
a
n

d
 i

d
en

ti
fy

 t
h

e 
fu

n
ct

io
n

s 
of

 t
h

e 
ex

te
rn

a
l 

p
a
rt

s 
of

 a
 p

la
n

t.
 

O
b
se

rv
e 

a
 s

iz
ea

b
le

 p
la

n
t 

a
n

d
 d

ra
w

 a
n

d
 l

a
b

el
 i

ts
 p

a
rt

s,
 i

. 
e.

 r
oo

ts
, 

st
em

, 
le

a
v
es

, 
fl

ow
er

s,
 

fr
u

it
s,

 
et

c.
 

M
a
n

ip
u

la
te

 
a
n

d
 

d
ra

w
 

co
n

cl
u

si
on

s.
 D

ev
el

op
 r

es
p

on
si

b
il

it
y
 a

s 
p

u
p

il
s 

id
en

ti
fy

 f
u

n
ct

io
n

s 
of

 
ex

te
rn

a
l 

p
a

rt
s 

of
 a

 p
la

n
t.

 

3
, 

T
y
p

es
 o

f 
ro

ot
s(

ta
p

 r
oo

ts
, 
fi

b
ro

u
s 

ro
ot

s)
 

  
  

B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
D

ev
el

op
 
in

te
re

st
 
a

n
d

 
cu

ri
os

it
y
 

a
b
ou

t 
d

if
fe

re
n

t 
ty

p
es

 
of

 
p

la
n

ts
 

ro
ot

s,
 C

ol
le

ct
 a

n
d

 c
om

p
a

re
 a

s 
m

a
n

y
 d

if
fe

re
n

t 
ty

p
es

 o
f 

ro
ot

s 
a

s 
p

os
si

b
le

. 
D

ra
w

 t
h

e 
d

if
fe

re
n

t 
ty

p
es

 o
f 

ro
ot

s.
 R

ec
or

d
 b

y
 d

ra
w

in
g
 

fi
b
ro

u
s 

a
n

d
 t

a
p

 r
oo

ts
. 

 D
ev

el
op

 c
o-

op
er

a
ti

on
 a

s 
p

u
p

il
s 

cl
a
ss

if
y 

ro
ot

s.
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G
ro

w
th

 a
n

d
 r

ep
ro

d
u

ct
io

n
 i

n
 p

la
n

ts
 

1
, 

P
a

rt
s 

of
 a

 f
lo

w
er

 
  

  
 B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
D

ev
el

op
 i

n
te

re
st

 a
n

d
 c

u
ri

os
it

y
 a

b
ou

t 
p

a
rt

s 
of

 f
lo

w
er

s 
a

n
d

 t
h

ei
r 

fu
n

ct
io

n
s.

 O
b
se

rv
e 

a
n

d
 r

ec
or

d
 t

h
e 

p
a
rt

 o
f 

fl
ow

er
s.

  
  

  
 A

cq
u

ir
e 

b
a

si
c 

sc
ie

n
ti

fi
c 

k
n

ow
le

d
g
e;

 F
lo

w
er

s 
en

a
b
le

 t
h

e 
p

la
n

ts
 r

ep
ro

d
u

ce
. 

T
h

er
e 

a
re

 a
 g

re
a

t 
v
a

ri
et

y
 o

f 
fl

ow
er

s 
w

h
ic

h
 h

a
v
e 

d
if

fe
re

n
t 

sh
a

p
es

, 
si

ze
d

 
a

n
d

 
co

lo
u

rs
. 

T
h

e 
p

a
rt

s 
of

 
a

 
fl

ow
er

 
a

re
 

se
p

a
ls

 o
r 

ca
ly

x
, 

p
et

a
ls

 o
r 

co
ro

ll
a

, 
st

a
m

en
 a

n
d

 c
a

rp
el

. 
T

h
e 

ca
ly

x
 

p
ro

te
ct

s 
th

e 
y
ou

n
g
 f

lo
w

er
 w

h
il

e 
in

 t
h

e 
b

u
d

 s
ta

g
e.

 T
h

e 
co

ro
ll

a
 

a
tt

ra
ct

s 
a

n
im

a
ls

 t
o 

th
e 

p
la

n
t 

fo
r 

p
ol

li
n

a
ti

on
. 

T
h

e 
st

a
m

en
s 

a
re

 t
h

e 
m

a
le

 p
a
rt

s 
of

 t
h

e 
fl

ow
er

 a
n

d
 a

re
 m

a
d

e 
of

 t
h

e 
fi

la
m

en
ts

 a
n

d
 t

h
e 

a
n

th
er

s.
 T

h
e 

a
n

th
er

s 
p

ro
d

u
ce

 t
h

e 
p

ol
le

n
. 

T
h

e 
ca

rp
el

 o
r 

p
is

ti
l 

is
 

th
e 

fe
m

a
le

 p
a
rt

 o
f 

th
e 

fl
ow

er
 t

h
a

t 
is

 m
a

d
e 

of
 t

h
e 

st
ig

m
a
, 

th
e 

st
y
le

 
a

n
d

 t
h

e 
ov

a
ry

. 
T

h
e 

st
ig

m
a

 r
ec

ei
v
es

 t
h

e 
p

ol
le

n
. 

T
h

e 
st

y
le

 s
u

p
p

or
ts

 
th

e 
st

ig
m

a
. 

T
h

e 
ov

a
ry

 c
on

ta
in

s 
on

e 
or

 m
or

e 
eg

g
s.

 T
h

es
e 

eg
g
s 

a
re

 
a

ls
o 

ca
ll

ed
 o

v
u

le
s.

 

2
, 

P
ol

li
n

a
ti

on
  

  
  

 B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
O

b
se

rv
e 

a
n

d
 

re
co

rd
 

v
is

it
or

s 
to

 
fl

ow
er

s.
 

D
ev

el
op

 
in

te
re

st
 

a
n

d
 

cu
ri

os
it

y
 i

n
 r

ep
ro

d
u

ct
io

n
 o

f 
fl

ow
er

in
g
 p

la
n

ts
. 

A
cq

u
ir

e 
b

a
si

c 
sc

ie
n

ti
fi

c 
k

n
ow

le
d

g
e;

 P
ol

li
n

a
ti

on
, 

w
h

ic
h

 i
s 

th
e 

tr
a

n
sf

er
 o

f 
p

ol
le

n
 g

ra
in

s 
fr

om
 t

h
e 

a
n

th
er

s 
to

 t
h

e 
st

ig
m

a
, 

ca
n

 b
e 

cl
a

ss
if

ie
d

 
ei

th
er

 
a

s 
se

lf
-p

ol
li

n
a

ti
on

 
or

 
cr

os
s-

p
ol

li
n

a
ti

on
. 

T
h

e 
a

g
en

ts
 o

f 
p

ol
li

n
a

ti
on

 a
re

 a
n

im
a
ls

, 
m

a
in

ly
 s

om
e 

in
se

ct
s 

a
n

d
 s

om
e 

b
ir

d
s 

a
n

d
 w

in
d

. 
F

lo
w

er
s 

p
ol

li
n

a
te

d
 b

y
 i

n
se

ct
s 

a
re

 u
su

a
ll

y
 l

a
rg

e 
a
n

d
 b

ri
g
h

tl
y
 c

ol
ou

re
d

. 
T

h
ey

 a
ls

o 
h

a
v
e 

st
ic

k
y
 p

ol
le

n
 g

ra
in

s,
 s

ti
ck

y
 

st
ig

m
a

 
a

n
d

 
th

ey
 

of
fe

r 
n

ec
ta

r 
a

s 
a
 

re
w

a
rd

 
to

 
th

e 
p

ol
li

n
a

ti
n

g
 

a
n

im
a

ls
. 
F

lo
w

er
s 

p
ol

li
n

a
te

d
 b

y
 w

in
d

 a
re

 o
ft

en
 s

m
a

ll
, 
d

u
ll

 i
n

 c
ol

ou
r,

 
od

ou
rl

es
s,

 a
n

d
 p

ro
d

u
ce

 m
a

n
y
 l

ig
h

t 
p

ol
le

n
 g

ra
in

s.
  

M
ea

n
in

g
, 
ty

p
es

 a
n

d
 a

g
en

ts
 

3
, 

F
er

ti
li

za
ti

on
 

  
  

 B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
O

b
se

rv
e 

a
n

d
 r

ec
or

d
 f

er
ti

li
za

ti
on

 i
n

 p
la

n
ts

. 
 

A
cq

u
ir

e 
b

a
si

c 
sc

ie
n

ti
fi

c 
k

n
ow

le
d

g
e;

 F
er

ti
li

za
ti

on
 i

s 
th

e 
fu

si
on

 
of

 t
h

e 
p

ol
le

n
 g

ra
in

s 
a

n
d

 t
h

e 
ov

u
le

s 
in

 t
h

e 
ov

a
ry

. 
A

ft
er

 t
h

e 
p

ro
ce

ss
, 

th
e 

ov
a

ry
 d

ev
el

op
s 

in
to

 a
 f

ru
it

 a
n

d
 t

h
e 

ov
u

le
s 

d
ev

el
op

s 
in

to
 a

  
se

ed
. 

T
h

e 
fe

rt
il

iz
a
ti

on
 o

f 
fl

ow
er

s 
is

 e
ss

en
ti

a
l 

in
 p

ro
d

u
ci

n
g
 s

ee
d

s 
w

h
ic

h
 c

a
n

 g
er

m
in

a
te

 i
n

to
 n

ew
 p

la
n

ts
. 

F
er

ti
le

 s
ee

d
s 

g
ro

w
 i

n
to

 
p

la
n

ts
 w

h
ic

h
 i

n
 t

u
rn

 p
ro

d
u

ce
 m

or
e 

se
ed

s.
 

M
ea

n
in

g
 a

n
d

 f
u

si
on

 

4
, 

P
a

rt
s 

of
 a

 s
ee

d
 

  
  

 B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
O

b
se

rv
e 

a
n

d
 r

ec
or

d
 p

a
rt

s 
of

 a
 s

ee
d

 
A

cq
u

ir
e 

b
a

si
c 

sc
ie

n
ti

fi
c 

k
n

ow
le

d
g
e;

 t
h

e 
p

a
rt

s 
of

 t
h

e 
se

ed
 a

re
 

m
ic

ro
p

y
le

, 
p

lu
m

u
le

, 
ra

d
ic

le
, 

se
ed

 c
oa

t 
a

n
d

 h
il

u
m

. 
S

ee
d

 c
a

b
 b

e 
cl

a
ss

if
ie

d
 

in
to

 
tw

o 
ty

p
es

, 
m

on
oc

ot
y
le

d
on

s 
a

n
d

 
d

ic
ot

y
le

d
on

s.
 

M
on

oc
ot

y
le

d
on

 s
ee

d
s 

h
a
v
e 

on
e 

co
ty

le
d

on
 w

h
il

e 
d

ic
ot

y
le

d
on

 s
ee

d
s 

h
a
v
e 

tw
o 

co
ty

le
d

on
s.

 T
h

e 
g
ra

ss
 f

a
m

il
y
 s

u
ch

 a
s 

m
a

iz
e,

 r
ic

e,
 w

h
ea

t,
 

et
c,

  
a

re
 a

ll
 m

on
oc

ot
y
le

d
on

s.
 E

x
a

m
p

le
s 

of
 d

ic
ot

y
le

d
on

s 
a

re
 b

ea
n

s,
 

p
ea

s,
 s

u
n

fl
ow

er
, 
ca

st
or

 o
il

 s
ee

d
 a

n
d

 g
ro

u
n

d
n

u
ts

. 
 

M
on

oc
ot

 s
ee

d
 

D
ic

ot
 s

ee
d

 

5
, 

C
on

d
it

io
n

s 
n

ec
es

sa
ry

 f
or

 g
er

m
in

a
ti

on
 

  
  

 B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
O

b
se

rv
e 

a
n

d
 r

ec
or

d
 c

on
d

it
io

n
s 

fo
r 

g
er

m
in

a
ti

on
 o

f 
se

ed
s.

 M
a
k

e 
p

re
d

ic
ti

on
s 

a
n

d
 e

x
p

er
im

en
ts

, 
A

n
a
ly

ze
 a

n
d

 s
ee

 i
m

p
li

ca
ti

on
s 

a
n

d
 

re
la

ti
on

sh
ip

s.
 P

ic
k

 o
u

t 
ca

u
se

s 
a

n
d

 e
ff

ec
ts

. 
S

h
ow

 t
h

a
t 

a
ir

(o
x
y
g
en

) 
is

 n
ec

es
sa

ry
 f

or
 g

er
m

in
a

ti
on

, 
S

h
ow

 t
h

a
t 

w
a
te

r 
is

 n
ec

es
sa

ry
 f

or
 

g
er

m
in

a
ti

on
. 

 S
h

ow
 t

h
a
t 

w
a

rm
th

 i
s 

n
ec

es
sa

ry
 f

or
 g

er
m

in
a

ti
on

. 
D

ra
w

 c
on

cl
u

si
on

s.
 D

ev
el

op
 i

n
te

re
st

 a
n

d
 c

u
ri

os
it

y
 i

n
 c

on
d

it
io

n
s 

n
ec

es
sa

ry
 

fo
r 

se
ed

 
g
er

m
in

a
ti

on
. 

D
ev

el
op

 
in

te
g
ra

te
d

 
sk

il
ls

 
of

 
id

en
ti

fy
in

g
, 

co
n

tr
ol

li
n

g
 

v
a
ri

a
b

le
s,

 
d

ef
in

in
g
 

op
er

a
ti

on
a
ll

y,
 

h
y
p

ot
h

es
iz

in
g
, 

ex
p

er
im

en
ti

n
g
, 

in
te

rp
re

ti
n

g
, 

co
n

cl
u

d
in

g
 

a
n

d
 

co
m

m
u

n
ic

a
ti

n
g
. 

  
  

 



A
cq

u
ir

e 
b

a
si

c 
sc

ie
n

ti
fi

c 
k

n
ow

le
d

g
e;

 F
or

 s
ee

d
s 

to
 g

er
m

in
a

te
, 

th
ey

 m
u

st
 h

a
v
e 

a
ir

 (
ox

y
g
en

),
 w

a
te

r 
a
n

d
 w

a
rm

th
. 
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In
te

rd
ep

en
d

en
ce

 b
et

w
ee

n
 p

la
n

ts
 a

n
d

 a
n

im
a
ls

. 
C

ro
p

 p
es

ts
. 

1
, 
In

te
rd

ep
en

d
en

ce
 b

et
w

ee
n

 p
la

n
ts

 
  

  
 B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
D

ev
el

op
 i

n
te

re
st

 a
n

d
 c

u
ri

os
it

y
 a

b
ou

t 
in

te
rd

ep
en

d
en

ce
 o

f 
p

la
n

ts
. 

R
ec

og
n

iz
e 

a
n

d
 r

ec
or

d
 e

x
a

m
p

le
s 

of
 d

ep
en

d
en

ce
 o

f 
p

la
n

ts
 o

n
 o

th
er

 
p

la
n

ts
 
fo

r 
sh

a
d

e,
 
su

p
p

or
t 

a
n

d
 
h

a
b

it
a

t.
 
Id

en
ti

fy
 
p

la
n

ts
 
w

h
ic

h
 

ex
h

ib
it

 s
p

ec
if

ic
 e

x
a
m

p
le

s 
of

 i
n

te
rd

ep
en

d
en

ce
. 

A
cq

u
ir

e 
b

a
si

c 
sc

ie
n

ti
fi

c 
k

n
ow

le
d

g
e;

 s
om

e 
p

la
n

ts
 n

ee
d

 o
th

er
 

p
la

n
ts

 t
o 

su
rv

iv
e.

 T
h

e 
re

la
ti

on
sh

ip
 w

h
er

e 
on

e 
or

g
a

n
is

m
 n

ee
d

s 
th

e 
ot

h
er

 f
or

 s
u

rv
iv

a
l 

is
 c

a
ll

ed
 d

ep
en

d
en

ce
. 

S
u

p
p

or
t 

S
om

e 
p

la
n

ts
 
w

it
h

 
w

ea
k

 
st

em
s 

n
ee

d
 
to

 
tw

in
e 

a
ro

u
n

d
 

ot
h

er
 p

la
n

ts
 w

it
h

 r
ig

id
 s

te
m

 i
n

 o
rd

er
 t

o 
re

a
ch

 s
u

n
li

g
h

t.
 

P
la

n
ts

 t
h

a
t 

u
se

 o
th

er
s 

a
s 

h
a

b
it

a
t 

S
om

e 
p

la
n

ts
 u

se
 o

th
er

s 
a
s 

a
 h

om
e 

or
 h

a
b
it

a
t 

S
h

a
d

e 
S

om
e 

p
la

n
ts

 g
ro

w
 i

n
 t

h
e 

sh
a
d

e 
p

ro
v
id

ed
 b

y
 o

th
er

s 
to

 
a

v
oi

d
 d

a
m

a
g
e 

fr
om

 g
ro

w
in

g
 i

n
 i

n
te

n
se

 s
u

n
li

g
h

t.
 

2
, 
In

te
rd

ep
en

d
en

ce
 b

et
w

ee
n

 p
la

n
ts

 a
n

d
 a

n
im

a
ls

 
  

  
 B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
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e 
a

b
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 t
o:

 
D

ev
el

op
 i

n
te
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st
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n

d
 c

u
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os
it

y
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b
ou

t 
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ep
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d
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f 
p
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n
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a
n

d
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n
im

a
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O
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a

m
p
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n
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 d
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.
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 p
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. 

R
ec

or
d
 

so
m

e 
of

 t
h

e 
ex

a
m

p
le

s 
of

 i
n
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d
en

ce
 s
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d
ra
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g
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n
d
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g
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p
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p
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n
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A
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ti
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c 
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d
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p
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n
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d

 f
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n

im
a
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g
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p
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O
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y
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 d
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 d
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 d
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n
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h
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d
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g
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s 
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 d
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n
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b
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m
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k
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g
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n
d
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h
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 f
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h
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 d
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 f
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 p
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b
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 f
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 f
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ic
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b
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m

 p
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E
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e 
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 p
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 b
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p
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 c
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 c
h
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l 
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r 
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p

la
n

ts
 a

n
d

 a
n

im
a

ls
. 

T
h

es
e 

n
u

tr
ie

n
ts

 f
ro

m
 t

h
e 

so
il

 c
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n
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d
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 d
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 p
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n
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p
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 d
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 d
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 d
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 r
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b
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, 

F
oo

d
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y
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h
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f 
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u
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, 
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b
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O

b
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R

ec
og

n
iz

e 
a

 
fo

od
 

ch
a

in
. 

M
a
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 c
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x
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 c
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C
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y
 c
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n
g
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 p
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w
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k
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n
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c 

p
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D
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b
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w
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 c
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A
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h
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h
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h
e 
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d

ir
ec

ti
on

 
of

 
fl

ow
 

of
 

n
u

tr
ie

n
ts

. 
A

 
ty

p
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b
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) 
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 c
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p
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 p
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f 
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b
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R
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O
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p
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 p
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 p
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 f
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 p
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m

p
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ra
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 m
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t 
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p
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t 
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a
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h
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m
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w
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b
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e 

p
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, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
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D
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 c
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d
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k
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p
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R
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u
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u

a
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p
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T
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s 
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a
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y
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h
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f 

th
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 s
u

b
to

p
ic

, 
th

e 
le
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 b
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b
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 t
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D

ev
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op
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 c
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d
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D
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e 

h
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o 

co
n
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ol

 c
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p
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ts
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T
a
k

e 
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 o

f 
st
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ed
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s 

su
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 a
s 

m
a
iz
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 b
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n
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si
m
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o 

a
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d
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 b

y
 p
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D

ev
el
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p
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b
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it
y
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a
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n

d
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 p
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n
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en
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d
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 p
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 m
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e 
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 c
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 c
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g
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n
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y
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y
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h
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f 
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u

b
to
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ic
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 s
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 b
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b
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O
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 d
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v
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a
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h
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m
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n
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 l
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d
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y
 p
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n
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n
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u
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k
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P
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a
v
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d
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p
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a
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a
b
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h
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o 
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 d
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a
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h
a
v
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g
 

d
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st
em
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d
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d
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k
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a

x
y 
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a
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a
l 
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 d
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 l
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p
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 p
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n
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io
n

 i
n

 w
a

lk
in

g
, 
m

ov
in

g
 o

f 
v
eh

ic
le

s 
on

 
ta

rm
a

c,
 

b
ra

k
in

g
, 

li
g
h

ti
n

g
 

m
a
tc

h
es

, 
w

ri
ti

n
g
 

on
 

th
e 

b
oa

rd
, 

ru
b
b
in

g
/e

ra
si

n
g
 a

n
d

 s
k

a
ti

n
g
. 

F
in

d
 o

u
t 

fr
ic

ti
on

 a
s 

a
 n

u
is

a
n

ce
 i

n
 

w
ea

ri
n

g
 o

u
t 

of
 o

b
je

ct
s 

or
 m

a
ch

in
e 

p
a
rt

s 
a

n
d

 a
ls

o 
m

a
k

in
g
 w

or
k

 
d

if
fi

cu
lt

.
  

  
A

cq
u

ir
e 

b
a

si
c 

sc
ie

n
ti

fi
c 

k
n

ow
le

d
g
e;

 M
ea

n
in

g
 o

f 
fr

ic
ti

on
. 

2
, A

d
v
a
n

ta
g
es

 a
n

d
 d

is
a
d

v
a

n
ta

g
es

 o
f 

fr
ic

ti
on

 
  

 B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
D

ev
el

op
 a

n
 i

n
te

re
st

 a
n

d
 c

u
ri

os
it

y
 i

n
 f

ri
ct

io
n

 a
n

d
 h

ow
 i

t 
ch

a
n

g
es

 i
n

 
d

if
fe

re
n

t 
si

tu
a
ti

on
s.

 D
ev

el
op

 a
n

 a
b
il

it
y
 t

o 
co

-o
p

er
a
te

 b
y
 w

or
k

in
g
 

in
 g

ro
u

p
 d

oi
n

g
 v

a
ri

ou
s 

a
ct

iv
it

ie
s.

 D
ev

el
op

 a
tt

it
u

d
e 

of
 l

on
g
in

g
 t

o 
k

n
ow

 
a

n
d

 
to

 
u

n
d

er
st

a
n

d
, 

re
sp

ec
t 

fo
r 

lo
g
ic

 
a

n
d

 
d

em
a

n
d

 
fo

r 
v
er

if
ic

a
ti

on
. 

A
cq

u
ir

e 
b

a
si

c 
sc

ie
n

ti
fi

c 
k

n
ow

le
d

g
e;

 O
n

e 
m

a
in

 a
d

v
a

n
ta

g
e 

of
 

fr
ic

ti
on

 i
s 

th
a

t 
it

 h
el

p
s 

u
s 

to
 b

ri
n

g
 m

ov
in

g
 o

b
je

ct
s 

to
 s

to
p

. 
F

in
d

 o
u

t 
th

e 
m

a
in

 d
is

a
d

v
a

n
ta

g
e 

is
 t

h
a

t 
it

 c
a
u

se
s 

u
n

w
a
n

te
d

 r
es

is
ta

n
ce

 a
n

d
 

in
cr

ea
se

s 
ou

r 
w

or
k

. 
 

3
, 
In

cr
ea

si
n

g
 a

n
d

 r
ed

u
ci

n
g
 f

ri
ct

io
n

 
  

  
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
C

om
p

a
re

 t
h

e 
fo

rc
e 

of
 f

ri
ct

io
n

 b
et

w
ee

n
 s

u
rf

a
ce

s 
a

s 
th

e 
w

ei
g
h

t,
 

su
rf

a
ce

 
a
n

d
 

lu
b
ri

ca
n

t 
ch

a
n

g
e.

 
In

v
es

ti
g
a
te

 
w

a
y
s 

of
 

re
d

u
ci

n
g 

fr
ic

ti
on

 
su

ch
 

a
s 

u
si

n
g
 

ro
ll

er
s,

 
sm

oo
th

en
in

g
/p

ol
is

h
in

g
 

su
rf

a
ce

s,
 

u
si

n
g
 l

u
b

ri
ca

n
ts

 a
n

d
 s

tr
ea

m
li

n
in

g
. 
S

ea
rc

h
; 
lo

ca
ti

n
g
 s

ou
rc

es
, 
u

si
n

g
 

se
v
er

a
l 

so
u

rc
es

, 
In

q
u

ir
e;

 
a

sk
in

g
, 

in
te

rv
ie

w
in

g
, 

co
rr

es
p

on
d

in
g
. 

G
a

th
er

 d
a
ta

; 
ta

b
u

la
ti

n
g
, 
or

g
a

n
iz

in
g
 a

n
d

 r
ec

or
d

in
g
. 

 
A

cq
u

ir
e 

b
a

si
c 

sc
ie

n
ti

fi
c 

k
n

ow
le

d
g
e 

a
n

d
 i

n
cr

ea
se

 f
ri

ct
io

n
 b

y 
m

a
k

in
g
 s

u
rf

a
ce

s 
ro

u
g
h

. 
R

ed
u

ce
 f

ri
ct

io
n

 b
y
 s

m
oo

th
en

in
g
 s

u
rf

a
ce

s 

a
n

d
 a

p
p

ly
in

g
 o

il
 o

r 
g
re

a
se

 o
n

 t
h

e 
m

ov
in

g
 p

a
rt

s.
 

4
, 

P
os

it
io

n
 o

f 
th

e 
fu

lc
ru

m
, 

lo
a

d
 a

n
d

 e
ff

or
t 

in
 t

h
e 

fo
ll

ow
in

g
 l

ev
er

s 
w

h
en

 i
n

 u
se

 
  

  
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
E

x
p

la
in

 
th

e 
m

ea
n

in
g
 

of
 

a
 

le
v
er

. 
D

es
cr

ib
e 

a
n

d
 

g
iv

e 
ev

er
y
d

a
y
 

ex
a

m
p

le
s 

of
 t

h
e 

th
re

e 
cl

a
ss

es
 o

f 
le

v
er

. 
D

em
on

st
ra

te
 a

ct
iv

it
ie

s 
a

n
d

 
p

oi
n

t 
a
t 

th
e 

p
os

it
io

n
 o

f 
th

e 
lo

a
d

, 
ef

fo
rt

 a
n

d
 f

u
lc

ru
m

. 
D

ra
w

 t
h

e 
v
a

ri
ou

s 
le

v
er

s 
a

n
d

 
la

b
el

 
th

e 
p

os
it

io
n

s 
of

 
th

e 
lo

a
d

, 
ef

fo
rt

 
a

n
d

 
fu

lc
ru

m
. 

D
em

on
st

ra
te

; 
se

tt
in

g
 

u
p

 
le

v
er

s,
 

m
a
k

in
g
 

th
em

 
w

or
k

, 
d

es
cr

ib
in

g
 p

a
rt

s 
a
n

d
 f

u
n

ct
io

n
s,

 i
ll

u
st

ra
ti

n
g
 s

ci
en

ti
fi

c 
p

ri
n

ci
p

le
s.

 
D

ev
el

op
 a

tt
it

u
d

e 
of

 l
on

g
in

g
 t

o 
k

n
ow

 a
n

d
 t

o 
u

n
d

er
st

a
n

d
, 

re
sp

ec
t 

fo
r 

lo
g
ic

 a
n

d
 d

em
a
n

d
 f

or
 v

er
if

ic
a
ti

on
. 

A
cq

u
ir

e 
b

a
si

c 
sc

ie
n

ti
fi

c 
k

n
ow

le
d

g
e;

 
T

h
e 

ef
fe

ct
 
of

 
ch

a
n

g
in

g
 

d
is

ta
n

ce
 b

et
w

ee
n

 e
ff

or
t 

a
n

d
 f

u
lc

ru
m

. 
If

 t
h

e 
fu

lc
ru

m
 i

s 
n

ea
r 

to
 t

h
e 

lo
a
d

, 
a
 s

m
a
ll

 e
ff

or
t 

ca
n

 l
if

t 
a
 b

ig
 l

oa
d

. 
T

h
e 

fu
lc

ru
m

 i
s 

th
e 

a
x
le

 o
f 

th
e 

w
h

ee
l-

b
a
rr

ow
; 

th
e 

lo
a
d

 i
s 

p
la

ce
d

 a
s 

cl
os

e 
a
s 

p
os

si
b
le

 t
o 

th
e 

a
x
le

, 
a

n
d

 t
h

e 
li

ft
in

g
 e

ff
or

t 
is

 p
u

t 
on

 t
h

e 
en

d
s 

of
 t

h
e 

h
a
n

d
le

s.
 U

se
 

th
e 

d
if

fe
re

n
t 

ty
p

es
 o

f 
le

v
er

s 
to

 m
a

k
e 

w
or

k
 e

a
si

er
. 

 
C

la
w

 h
a
m

m
er

 
C

ro
w

b
a
r

W
h

ee
lb

a
rr

ow
, 
sp

a
d

e 

S
ta

n
d

a
rd

 8
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- 

S
im

p
le

 m
a
ch

in
e 

1
, 
In

cl
in

ed
 p

la
n

es
 

  
  

B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
O

b
se

rv
e 

sl
op

es
 o

f 
d

if
fe

re
n

t 
g
ra

d
ie

n
ts

. 
Id

en
ti

fy
 w

h
ic

h
 g

ra
d

ie
n

t 
of

 a
 

sl
op

e 
is

 e
a

si
er

 t
o 

w
or

k
 w

it
h

. 
C

a
rr

y
 o

u
t 

in
v
es

ti
g
a

ti
on

 t
o 

fi
n

d
 o

u
t 

th
e 

a
m

ou
n

t 
of

 
ef

fo
rt

 
n

ee
d

ed
 

to
 

ra
is

e 
a

 
lo

a
d

 
a

lo
n

g
 

sl
op

es
 

of
 

d
if

fe
re

n
t 

g
ra

d
ie

n
ts

. 
D

ev
el

op
 c

u
ri

os
it

y
 a

n
d

 i
n

te
re

st
 a

b
ou

t 
in

cl
in

ed
 

p
la

n
ed

 
a
n

d
 

th
ei

r 
u

se
fu

ln
es

s 
in

 
m

a
k

in
g
 

w
or

k
 

ea
si

er
. 

D
ev

el
op

 



p
ra

ct
ic

a
l 

a
tt

it
u

d
es

 
in

 
p

ro
b
le

m
 

so
lv

in
g
 

a
s 

p
u

p
il

s 
d

es
ig

n
 

ex
p

er
im

en
ts

 a
n

d
 i

n
v
es

ti
g
a

te
 t

h
e 

a
m

ou
n

t 
of

 e
ff

or
t 

re
q

u
ir

ed
 t

o 
ra

is
e 

a
 l

oa
d

 s
lo

p
es

 o
f 

d
if

fe
re

n
t 

g
ra

d
ie

n
ts

. 
D

ev
el

op
 a

tt
it

u
d

e 
of

 l
on

g
in

g
 t

o 
k

n
ow

 
a
n

d
 

to
 

u
n

d
er

st
a
n

d
, 

re
sp

ec
t 

fo
r 

lo
g
ic

 
a
n

d
 

d
em

a
n

d
 

fo
r 

v
er

if
ic

a
ti

on
. 

A
cq

u
ir

e 
b

a
si

c 
sc

ie
n

ti
fi

c 
k

n
ow

le
d

g
e;

 E
ff

or
t 

n
ee

d
ed

 t
o 

p
u

sh
 o

r 
p

u
ll

 a
 l

oa
d

 a
lo

n
g
 a

n
 i

n
cl

in
ed

 p
la

n
e,

 i
s 

le
ss

 t
h

a
n

 o
n

e 
n

ee
d

ed
 t

o 
ra

is
e 

it
 s

tr
a
ig

h
t 

u
p

. 
F

in
d

 o
u

t 
th

a
t 

th
e 

la
d

d
er

 i
s 

a
n

ot
h

er
 e

x
a

m
p

le
 o

f 
in

cl
in

ed
 p

la
n

es
. 

It
 i

s 
a

 s
tr

u
ct

u
re

 f
or

 c
li

m
b

in
g
 u

p
 a

n
d

 d
ow

n
 a

 h
ig

h
 

p
la

ce
. 

It
 i

s 
ea

si
er

 t
o 

cl
im

b
 a

 h
il

l 
a

lo
n

g
 a

 w
in

d
in

g
 r

oa
d

 t
h

a
n

 g
oi

n
g 

st
ra

ig
h

t 
u

p
 t

h
e 

h
il

l.
 

L
a
d

d
er

 
S

ta
ir

ca
se

 
A

 r
oa

d
 w

in
d

in
g
 u

p
 a

 h
il

l 

2
, 
S

in
g
le

 f
ix

ed
 p

u
ll

ey
 

  
  

B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
O

b
se

rv
e 

h
ow

 a
 s

in
g
le

 f
ix

ed
 p

u
ll

ey
 i

s 
u

se
d

 t
o 

ra
is

e 
lo

a
d

s 
e.

g
. 

a
 f

la
g
. 

W
or

k
 w

it
h

 p
u

ll
ey

s 
to

 r
a

is
e 

th
e 

fl
a

g
 a

n
d

 o
th

er
 l

oa
d

s.
 K

n
ow

 t
h

e 
p

u
ll

ey
`s

 p
a
rt

s,
 h

ow
 i

t 
w

or
k

s,
 h

ow
 t

o 
a
d

ju
st

 i
t,

 i
ts

 p
ro

p
er

 u
se

 f
oe

 a
 

g
iv

en
 t

a
sk

, 
it

s 
li

m
it

a
ti

on
s.

 D
is

cu
ss

 h
ow

 p
eo

p
le

 r
a
is

e 
w

a
te

r 
fr

om
 

w
el

ls
 a

n
d

 l
oa

d
s 

in
 a

 c
on

st
ru

ct
io

n
 s

it
e,

 a
n

d
 c

on
v
en

ie
n

ce
 o

f 
u

si
n

g
 a

 
p

u
ll

ey
. 
In

v
es

ti
g
a

te
 h

ow
 s

in
g
le

 f
ix

ed
 p

u
ll

ey
s 

m
a

k
e 

w
or

k
 e

a
si

er
. 

 
A

cq
u

ir
e 

b
a

si
c 

sc
ie

n
ti

fi
c 

k
n

ow
le

d
g
e;

 T
h

e 
ef

fo
rt

 f
or

ce
 i

s 
th

e 
sa

m
e 

a
s 

th
e 

lo
a
d

 f
or

ce
. 

T
h

e 
d

is
ta

n
ce

 m
ov

ed
 b

y
 b

ot
h

 e
ff

or
t 

a
n

d
 t

h
e 

lo
a
d
 

a
re

 e
q

u
a
l.

 I
n

 a
 s

in
g
le

 f
ix

ed
 p

u
ll

ey
 t

h
e 

lo
a

d
 d

is
ta

n
ce

 i
s 

eq
u

a
l 

to
 t

h
e 

ef
fo

rt
 d

is
ta

n
ce

, 
i.

 e
. 

w
h

en
 t

h
e 

lo
a

d
 m

ov
es

 1
m

 t
h

e 
ef

fo
rt

 d
is

ta
n

ce
 i

s 
1

m
. 

T
h

e 
d

ir
ec

ti
on

 o
f 

th
e 

lo
a

d
 i

s 
op

p
os

it
e 

to
 t

h
a

t 
of

 t
h

e 
ef

fo
rt

. 
W

h
en

 t
h

e 
lo

a
d

 m
ov

es
 u

p
 t

h
e 

ef
fo

rt
 m

ov
es

 d
ow

n
. 

 
U

se
s 

of
 s

in
g
le

 f
ix

ed
 p

u
ll

ey
s 

su
ch

 a
s 

on
 t

h
e 

fl
a
g
 p

os
t 

E
n

er
g

y

S
ta

n
d

a
rd
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1
, 

T
y
p

es
 o

f 
so

u
n

d
 

L
oa

d
 a

n
d

 s
of

t 
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
  

  
M

a
n

ip
u

la
te

 a
p

p
a
ra

tu
s 

w
h

en
 m

a
k

in
g
 d

if
fe

re
n

t 
so

u
n

d
s 

b
y
 t

h
e 

fo
ll

ow
in

g
 

m
et

h
od

s:
 

sc
ra

tc
h

in
g
, 

st
ri

k
in

g
, 

b
lo

w
in

g
, 

b
ru

sh
in

g
, 

p
lu

ck
in

g
. 

 I
n

te
re

st
 i

n
 h

ow
 s

ou
n

d
s 

a
re

 m
a
d

e.
 C

o-
op

er
a
te

 t
o 

w
or

k
 

to
g
et

h
er

 i
n

 t
h

e 
a
ct

iv
it

y.
 P

oi
n

t 
ou

t 
th

a
t 

in
 a

ll
 t

h
es

e 
si

tu
a

ti
on

s,
 

so
u

n
d

 i
s 

p
ro

d
u

ce
d

 b
y
 t

h
e 

v
ib

ra
ti

on
 o

f 
ob

je
ct

s.
 G

ro
u

p
 t

h
e 

so
u

n
d

s 
in

to
: 

so
ft

, 
lo

u
d

, 
a

n
d

 l
ow

, 
h

ig
h

. 
 

2
, 

P
ol

lu
ti

on
 f

ro
m

 s
ou

n
d

 
  

  
 B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
E

ff
ec

ts
  

su
ch

 a
s 

d
a
m

a
g
in

g
 t

h
e 

ea
r 

d
ru

m
 a

n
d

 i
rr

it
a
ti

on
 

  
  

 I
d

en
ti

fy
 t

h
e 

m
a

in
 e

ff
ec

ts
 o

f 
so

u
n

d
 p

ol
lu

ti
on

. 
R

es
p

on
si

b
le

 f
or

 
n

ot
 m

a
k

in
g
 s

ou
n

d
 p

ol
lu

ti
on

. 

3
, 

H
ea

t 
tr

a
n

sf
er

 
C

on
d

u
ct

io
n

 
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
In

v
es

ti
g
a
te

 t
ra

n
sf

er
 o

f 
h

ea
t 

in
 s

ol
id

s.
 O

b
se

rv
e 

a
n

d
 r

ec
or

d
 w

h
a
t 

h
a
p

p
en

s.
 A

p
p

re
ci

a
te

 t
h

e 
fa

ct
 t

h
a

t 
h

ea
t 

tr
a

v
el

s 
a

lo
n

g
 t

h
e 

m
et

a
l 

b
a

r.
 

T
h

is
 m

ov
em

en
t 

of
 h

ea
t 

th
ro

u
g
h

 t
h

e 
so

li
d

 i
s 

ca
ll

ed
 c

on
d

u
ct

io
n

. 
C

on
v
ec

ti
on

 
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
S

et
 u

p
 a

n
 e

x
p

er
im

en
t 

a
n

d
 d

em
on

st
ra

te
 t

h
e 

fl
ow

 o
f 

h
ea

t 
in

 w
a
te

r.
 

U
se

 a
 c

a
n

d
le

 t
o 

d
em

on
st

ra
te

 h
ow

 h
ot

 a
ir

 r
is

es
. 

T
h

e 
w

a
rm

 a
ir

 a
t 

th
e 

b
ot

to
m

 r
is

es
 a

n
d

 c
ol

d
 a

ir
 c

om
es

 i
n

 t
o 

re
p

la
ce

 i
t.

 B
e 

cu
ri

ou
s 

a
b
ou

t 
h

ea
t 

a
n

d
 h

ow
 i

t 
tr

a
v
el

s.
 D

es
cr

ib
e 

co
n

v
ec

ti
on

 o
f 

h
ea

t 
in

 
w

a
te

r 
a
n

d
 a

ir
. 

R
a
d

ia
ti

on
  

B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 



U
se

 a
 s

ou
rc

e 
of

 h
ea

t 
su

ch
 a

s 
th

e 
su

n
, 

a
 h

ea
te

r,
 a

n
d

 w
oo

d
 f

ir
e.

 S
it

 
ou

ts
id

e 
w

h
er

e 
th

e 
a

ir
 i

s 
ca

lm
 o

r 
a
ro

u
n

d
 t

h
e 

fi
re

. 
K

n
ow

 t
h

e 
m

et
h

od
 

of
 h

ea
t 

tr
a

n
sf

er
 b

y
 w

h
ic

h
 h

ea
t 

re
a

ch
es

 a
s 

b
ei

n
g
 m

a
in

ly
 r

a
d

ia
ti

on
. 

4
, 

G
oo

d
 a

n
d

 p
oo

r 
co

n
d

u
ct

io
n

 
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
O

b
se

rv
e 

a
n

d
 r

ec
or

d
 g

oo
d

 a
n

d
 b

a
d

 c
on

d
u

ct
or

s 
of

 h
ea

t.
C

la
ss

if
y
 

g
oo

d
 a

n
d

 p
oo

r 
co

n
d

u
ct

io
n

s 
of

 h
ea

t.
 

5
, 

U
se

s 
of

 g
oo

d
 a

n
d

 p
oo

r 
co

n
d

u
ct

or
s 

of
 h

ea
t 

  
  

 B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
S

a
y
 h

ow
 t

h
e 

co
n

d
u

ct
or

s 
a

n
d

 n
on

-c
on

d
u

ct
or

s 
a

re
 u

se
d

 i
n

 d
a

il
y
 l

if
e:

 
co

ok
in

g
 u

te
n

si
ls

, 
ir

on
 f

or
 p

re
ss

in
g
 c

lo
th

es
 a

n
d

 h
ot

 w
a
te

r 
p

ip
es

, 
w

or
m

 c
lo

th
es

. 

S
ta

n
d

a
rd

 6
--
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--
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--
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--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

- 

1
, 

H
ow

 l
ig

h
t 

tr
a
v
el

s 
  

  
 B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a

b
le

 t
o:

 
D

es
ig

n
 a

n
 e

x
p

er
im

en
t 

to
 h

ow
 l

ig
h

t 
tr

a
v
el

s.
 O

b
se

rv
e 

th
a

t 
li

g
h

t 
tr

a
v
el

s 
in

 a
 s

tr
a

ig
h

t 
li

n
e.

 S
h

ow
 i

n
te

re
st

 a
s 

th
ey

 i
n

v
es

ti
g
a
te

 h
ow

 
li

g
h

t 
tr

a
v
el

s.
 

  
  

 A
cq

u
ir

e 
b

a
si

c 
sc

ie
n

ti
fi

c 
k

n
ow

le
d

g
e;

 L
ig

h
t 

is
 a

 f
or

m
 o

f 
en

er
g
y.

 
L

ig
h

t 
tr

a
v
el

s 
in

 s
tr

a
ig

h
t 

li
n

es
 f

ro
m

 i
ts

 s
ou

rc
e.

 

2
, 

T
ra

n
sp

a
re

n
t,

 t
ra

n
sl

u
ce

n
t 

a
n

d
 o

p
a
q
u

e 
m

a
te

ri
a

ls
 

  
  

B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
S

et
 o

u
t 

ex
p

er
im

en
ts

 t
o 

in
v
es

ti
g
a
te

 h
ow

 l
ig

h
t 

b
eh

a
v
es

 w
h

en
 i

ts
 

fa
ll

s 
on

 t
ra

n
sp

a
re

n
t,

 t
ra

n
sl

u
ce

n
t 

a
n

d
 o

p
a
q
u

e 
m

a
te

ri
a
ls

. 
 G

a
th

er
 

d
a
ta

, 
or

g
a
n

iz
e,

 
so

rt
 

a
n

d
 

cl
a
ss

if
y
 

m
a
te

ri
a
ls

 
in

to
 

tr
a

n
sp

a
re

n
t,

 
tr

a
n

sl
u

ce
n

t 
a

n
d

 o
p

a
q

u
e 

a
n

d
 r

ec
or

d
 t

h
ei

r 
u

se
s 

in
 e

v
er

y
d

a
y
 l

if
e.

 
P

re
d

ic
t 

th
e 

su
it

a
b
le

 u
se

 o
f 

a
 m

a
te

ri
a

l 
fo

r 
a
 p

a
rt

ic
u

la
r 

si
tu

a
ti

on
. 

B
e 

cu
ri

ou
s 

a
b
ou

t 
m

a
te

ri
a
ls

 
a
n

d
 

li
g
h

t.
 

W
or

k
 

co
-o

p
er

a
ti

v
el

y
 

in
 

g
ro

u
p

s.
 

  
  

 A
cq

u
ir

e 
b

a
si

c 
sc

ie
n

ti
fi

c 
k

n
ow

le
d

g
e;

 
S

om
e 

m
a
te

ri
a
ls

 
a
re

 
tr

a
n

sp
a

re
n

t,
 

so
m

e 
tr

a
n

sl
u

ce
n

t,
 

ot
h

er
s 

op
a

q
u

e.
 

H
ou

se
s 

u
se

 
tr

a
n

sp
a
re

n
t 

m
a
te

ri
a
ls

 o
n

 w
in

d
ow

s 
a
n

d
 s

om
et

im
es

 o
n

 d
oo

rs
. 
W

a
ll

s 
a

re
 m

a
d

e 
of

 o
p

a
q
u

e 
m

a
te

ri
a

ls
. 

3
, 

R
ef

le
ct

io
n

 o
f 

li
g
h

t 
  

  
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
D

em
on

st
ra

te
 

re
fl

ec
ti

on
 

of
 

li
g
h

t 
a
n

d
 

co
m

p
a
re

 
re

fl
ec

ti
on

 
fr

om
 

sm
oo

th
 s

h
in

y
 s

u
rf

a
ce

s 
a

n
d

 r
ef

le
ct

io
n

 f
ro

m
 r

ou
g
h

 a
n

d
 d

u
ll

 s
u

rf
a

ce
s.

 
O

b
se

rv
e 

re
fl

ec
ti

on
. 
D

es
cr

ib
e 

h
ow

 r
ef

le
ct

io
n

 o
f 

li
g
h

t 
ta

k
es

 p
la

ce
. 

  
  

  
4

, 
R

ef
le

ct
io

n
 l

ig
h

t 
u

si
n

g
 a

 s
ou

rc
e 

of
 l

ig
h

t 
a

n
d

 a
 s

m
oo

th
 s

h
in

y
 

su
rf

a
ce

 
  

  
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
R

ef
le

ct
 l

et
te

rs
 a

n
d

 w
or

d
s 

in
 t

h
e 

m
ir

ro
r 

a
n

d
 w

ri
te

 h
ow

 t
h

ey
 a

p
p

ea
r.

 
E

x
p

la
in

 t
h

a
t 

th
e 

w
or

d
 i

s 
re

fl
ec

te
d

 i
n

 t
h

e 
m

ir
ro

r 
it

 a
p

p
ea

rs
 t

u
rn

ed
 

a
b
ou

t 
si

d
ew

a
y
s.

  
  

  
A

cq
u

ir
e 

b
a

si
c 

sc
ie

n
ti

fi
c 

k
n

ow
le

d
g
e;

 
S

h
in

y
 

su
rf

a
ce

s 
re

fl
ec

t 
li

g
h

t 
in

 
on

e 
d

ir
ec

ti
on

; 
n

on
-s

h
in

y
 

su
rf

a
ce

s 
sc

a
tt

er
 

li
g
h

t 
in

 
a

ll
 

d
ir

ec
ti

on
. 

5
, 

R
ef

ra
ct

io
n

 o
f 

li
g
h

t 
  

  
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
O

b
se

rv
e 

re
fr

a
ct

io
n

 o
f 

li
g
h

t.
 R

ec
or

d
 w

h
a

t 
h

a
p

p
en

s 
b

y
 d

ra
w

in
g
 t

h
e 

ef
fe

ct
s 

of
 r

ef
ra

ct
io

n
 o

f 
li

g
h

t.
 D

es
cr

ib
e 

h
ow

 r
ef

ra
ct

io
n

 t
a
k

es
 p

la
ce

. 
D

ev
el

op
 

in
te

re
st

 
a

b
ou

t 
re

fr
a

ct
io

n
 

of
 

li
g
h

t.
 
L

oc
a
te

 
a
 

p
ro

b
le

m
, 

le
a
rn

 
b
a
ck

g
ro

u
n

d
, 

se
t 

u
p

 
ex

p
er

im
en

ts
, 

a
n

a
ly

ze
 

d
a
ta

, 
d

ra
w

 
co

n
cl

u
si

on
.

6
, A

p
p

a
re

n
t 

b
en

d
in

g
 o

f 
li

g
h

t 
in

 a
ir

 a
n

d
 w

a
te

r 
  

  
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
D

is
cu

ss
 w

h
y
 t

h
e 

li
g
h

t 
b
en

d
s.

 D
is

cu
ss

 w
h

a
t 

is
 m

ea
n

t 
b
y
 a

p
p

a
re

n
t 

b
en

d
in

g
 o

f 
th

e 
ru

le
r 

in
 w

a
te

r.
 D

ev
el

op
 a

tt
it

u
d

e 
of

 l
on

g
in

g
 t

o 
k

n
ow

 
a
n

d
 t

o 
u

n
d

er
st

a
n

d
, 

re
sp

ec
t 

fo
r 

lo
g
ic

 a
n

d
 d

em
a
n

d
 f

or
 v

er
if

ic
a
ti

on
. 

  
  

 A
cq

u
ir

e 
b

a
si

c 
sc

ie
n

ti
fi

c 
k

n
ow

le
d

g
e;

 L
ig

h
t 

ra
y
s 

a
re

 r
ef

ra
ct

ed
 

w
h

en
 t

h
ey

 t
ra

v
el

 f
ro

m
 o

n
e 

m
ed

iu
m

 t
o 

a
n

ot
h

er
. 

T
h

e 
re

fr
a

ct
io

n
 o

f 



li
g
h

t 
m

a
k

es
 t

h
e 

b
ot

to
m

 o
f 

p
oo

ls
 o

f 
w

a
te

r 
or

 c
oi

n
 a

p
p

ea
r 

cl
os

er
 t

o 
th

e 
su

rf
a

ce
 t

h
a

n
 t

h
ey

 r
ea

ll
y
 a

re
. 

 

7
, 

D
em

on
st

ra
ti

on
 o

n
 m

a
k

in
g
 a

 r
a
in

b
ow

 
  

  
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
O

b
se

rv
e 

a
n

d
 d

ra
w

 r
a
in

b
ow

. 
M

a
k

e 
a

 r
a
in

b
ow

. 
N

a
m

e 
th

e 
co

lo
u

rs
 o

f 
th

e 
ra

in
b

ow
. 

 
  

  
A

cq
u

ir
e 

b
a

si
c 

sc
ie

n
ti

fi
c 

k
n

ow
le

d
g
e;

 a
 s

p
ec

tr
u

m
 c

a
n

 b
e 

m
a

d
e 

b
y
 r

ef
ra

ct
in

g
 s

u
n

li
g
h

t 
th

ro
u

g
h

 g
la

ss
 o

r 
w

a
te

r.
 A

 r
a
in

b
ow

 i
s 

fo
rm

ed
 

b
y
 t

h
e 

re
fr

a
ct

io
n

 o
f 

li
g
h

t 
b
y
 w

a
te

r 
d

ro
p

s 
in

 t
h

e 
a

ir
. 

T
h

e 
co

lo
u

rs
 i

n
 

th
e 

sp
ec

tr
u

m
 
or

 
ra

in
b

ow
 
a

re
 
re

d
, 

or
a

n
g
e,

 
y
el

lo
w

, 
g
re

en
, 

b
lu

e,
 

in
d

ig
o 

a
n

d
 v

io
le

t.
 

S
ta

n
d

a
rd

 7
--
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--

--
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--
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--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

- 

E
le

ct
ri

ci
ty

 

1
, 
S

ou
rc

es
 o

f 
el

ec
tr

ic
it

y
 

  
  

B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
D

ev
el

op
 a

n
 i

n
te

re
st

 a
n

d
 c

u
ri

os
it

y
 a

b
ou

t 
el

ec
tr

ic
a
l 

en
er

g
y
 s

ou
rc

es
. 

O
b

se
rv

e,
 r

ec
or

d
 a

n
d

 d
is

cu
ss

 a
 v

a
ri

et
y
 o

f 
so

u
rc

es
 o

f 
el

ec
tr

ic
it

y.
  

A
cq

u
ir

e 
b

a
si

c 
sc

ie
n

ti
fi

c 
k

n
ow

le
d

g
e;

 
N

a
m

e 
so

u
rc

es
 

of
 

el
ec

tr
ic

it
y.

 
B

a
tt

er
ie

s 
B

ic
y
cl

e 
d

y
n

a
m

os
 

H
y
d

ro
-e

le
ct

ri
c 

g
en

er
a

to
rs

 
P

et
ro

 a
n

d
 d

ie
se

l-
d

ri
v
en

 g
en

er
a
to

rs
 

G
eo

th
er

m
a
l 

g
en

er
a
to

rs
 

W
in

d
-d

ri
v
en

 t
u

rb
in

es
 

S
ol

a
r 

en
er

g
y
 

2
, 
S

im
p

le
 e

le
ct

ri
c 

ci
rc

u
it

 
  

  
B

y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 

C
on

st
ru

ct
; 

m
a
k

in
g
 

si
m

p
le

 
eq

u
ip

m
en

t 
fo

r 
d

em
on

st
ra

ti
on

s 
a
n

d
 

ex
p

er
im

en
ta

ti
on

. 
D

es
cr

ib
e 

h
ow

 
a
 

si
m

p
le

 
ci

rc
u

it
 

is
 

m
a
d

e.
 

M
a
n

ip
u

la
te

 e
q
u

ip
m

en
t 

to
 m

a
k
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rc

h
 

ce
ll

s;
 

C
h

em
ic

a
l 

 
el

ec
tr

ic
a

l 
 

so
u

n
d

. 
 

M
a
g
n

et
s;

 E
le

ct
ri

ca
l 

 
le

ct
ri

ca
l 

 
  

m
a
g
n

et
ic

. 

4
, 

M
et

h
od

s 
of

 c
on

se
rv

in
g
 e

n
er

g
y
 

  
  

B
y
 t

h
e 

en
d

 o
f 

th
is

 s
u

b
to

p
ic

, 
th

e 
le

a
rn

er
 s

h
ou

ld
 b

e 
a
b
le

 t
o:

 
S

ta
te

 t
h

e 
m

et
h

od
s 

of
 c

on
se

rv
in

g
 e

n
er

g
y.

 M
a
n

ip
u

la
te

 m
a
te

ri
a
ls

 a
s 

th
ey

 
d

em
on

st
ra

te
 

co
n

se
rv

a
ti

on
 

of
 

en
er

g
y.

 
D

ev
el

op
 

a
 

p
ra

ct
ic

a
l 

a
p

p
ro

a
ch

 t
o 

p
ro

b
le

m
 s

ol
v
in

g
 a

s 
h

e/
sh

e 
a

p
p

re
ci

a
te

s 
th

e 
n

ee
d

 t
o 

co
n

se
rv

e 
en

er
g
y.

 D
ev

el
op

 a
n

d
 u

se
 a

p
p

ro
p

ri
a
te

 s
k

il
ls

 a
n

d
 a

tt
it

u
d

e 
fo

r 
co

n
se

rv
in

g
 e

n
er

g
y
 b

y
 u

si
n

g
 r

en
ew

a
b

le
 e

n
er

g
y,

 t
h

a
t 

is
 s

u
n

, 
w

in
d

, 
b

io
g
a

s 
a

n
d

 t
re

es
. 

 
  

  
 A

cq
u

ir
e 

b
a

si
c 

sc
ie

n
ti

fi
c 

k
n

ow
le

d
g
e;

 
U

si
n

g
 e

n
er

g
y
 s

p
a

ri
n

g
ly

 
U

si
n

g
 e

n
er

g
y
 e

ff
ic

ie
n

t 
d

ev
ic

es
 

U
si

n
g
 

re
n

ew
a
b

le
 

en
er

g
y
 

(w
in

d
, 

su
n

, 
b
io

g
a
s,

 
p

la
n

ti
n

g
 

tr
ee

s)
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