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Science and Technology

Technology is also a way of knowing, and is also a process of exploration and experimen-
tation. Technology is both a form of knowledge that uses concepts and skills from other
disciplines {including science) and the application of this knowledge to meet an identified
need or to solve a specific problem using materials, energy, and tools (including computers).
Technological methods consist of inventing or modifying devices, structures, systems,

and/or processes,

Mt 2ERlQ FollMde "weh 7]le’ wutold 71eA gRio] dYs &
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o}

rlr

et - AAx

advances as a result of scientific knowledge, but also
develops new tools or procedures, the possible uses of
which cannot all be assessed beforehand. Technology is
not simply the application of sdentific discoveries, since
the invention of technical objects often precedes the
establishment of scientific theories, as the history of sci-

COMPETENCY 2 * To MAKE THE MOS

Focus of the Competency

MEANING OF THE COMPETENCY

To study the world around us, science uses many differ-
ent techniques, instruments and procedures that consist
of physical tools as well as mental representations. These
range from the simplest (e.g. measuring a length with a
ruler) to the most complex (e.g. calculating density), and
from the most concrete (e.g. adjusting gears) to the most
abstract (e.g. devising a model). For its part, technology

ence and technelogy has shown. Moreover, objects, tech-
niques or procedures initially designed to be used in cer-
tain ways and in certain situations may eventually be
used in other ways and in other situations Knowing
about these tools and procedures, leaming to use them,
identifying different situations in which they can be used
and evaluating their repercussions or effects on various
spheres of human activity are important dimensions of
scientific and technological culture.
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Cultural References

In order to acquire the competencies 1o be developed in the science and technology pro-
gram, the students need a particularly rich and stimulating environment containing
many cultural references. These references help to enrich, personalize, qualify and inte-
grate essential knowledges as well as keep them in perspective. The following is a par-
tial list of proposals that reflect the underlying philosophy of the program.

Science, technology and the other areas of human activity: Sdence and
technology have always developed symbiotically and in constant interaction with other
areas of human activity. For example, many discoveries were dosaly related to the fiven:
tion of measuring instruments {ag. clock, thermometer ohservational instruments fa.g.
magnifying glass, microscope felescope). Moreover, a wide variety of human activities
fe.g. agriculture, animal husbandry, metallurgy or architecture} have made important
contributions to the development of science and technology and, in tum, benefited from
scientific and technological discoveries.

People: Scientific discoveries and technological inventions have always resulted from
the work of people or groups of people influenced by the constraints of their time and
their environment. Scientists like Galileo, Newton, Lavoisier, Pasteur, Darwin, Marie Curie
and Einstein, to name but a few, used the work of their predecessors and their contem-
poraries to contribute to fundamental progress in sdence and tachnology Closer to
home, Québec and Canadian sdentists, engineers and technelogists have been recog-
nized in their respective fields. Men and women from every country and culture work in
scientific and technological fields. While most people are familiar with professionals
such as biologists, meteoroiogists, chemists and engineers, there are other occupations
that are less well known, but just as interesting and useful (e.g. geologist, cartographer,
agricuttural technologist and forestry technician).

setat 7)5e A2 o2 oUE AAST HeA8e EalA o Rold S, watx
ol WOt 7|5A WA A4 ole] ASO] BUL FaA LHHUGE AS

SRESAE
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As integral parts of

the societies they have
played a major role

in shaping, science and
technalogy represent
both an important aspect
of our cultural herftoge
and a key foctor in

[Science and Technology secondary cycle 2]

Scientific and Technoloqgical Literacy

As integral parts of the societies they have played a major
role in shaping, science and technology represent both an
important aspect of our cultural heritage and a key factor
in our development. It is important to help students
gradually develop their scientific and technological literacy
and to understand the role that such a literacy plays in

their ability to make informed decisions and in their
discovery of the pleasures of sdence and technology.

our development.

Curiosity, imagination, the desire to explore and the pleasure of
experimentation and discovery are just as much a part of scentific and
technalogical activities as the need to acquire knowledge and understand,
explain, create and act. In this regard, the field of science and technology
is not the preserve of a small group of experts. We all have a certain degree
of curiosity about the phenomena around us and a fascination with scientific
and technological iVéRtion and innovation.

et 7le Aol dith e ZIestis 2714, wtet ZleAdya €94 SOl
gt e AA

[applied S&T]

in Cycle One, students leamed to apply their sdentific and technological
knowledge by attempting to identify the consequences of science and
technology and to understand natural phenomena and the inmer workings
of certain technical objects. In Cycle Two, they must leam to Integmte theory
and practice by examining the context of discoveries, In 5 and
innovations, as well as the materials involved and the unﬁﬂtymg mm:eph
They are called upon to analyze various applications from different points
of view, including future maintenance or repair needs of a technical object
or technological system. Moreover, they are called upon to use previously
acquired concepiual resources and to develop new ones in order to analyze
the inner workings of technical objects or technological systems,

Cycle 2014 8} HAY AL uigo] Fu WA, WY, HA 5o e o
FHo2H o|2W AL FUSH: A2 ulSloF ATty AAIY
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[physics]

Among other things, physics deals with the fundamental components of the
universe and their interactions, and with forces and their effects. It attempts
1o explain various phenomena by establishing the laws that govern them.
It develops formal models to describe and predict changes in systems.

Physics is also of major practical importance, making contributions to
chemistry and engineering for instance. The InEntions and innovations
associated with physics reflect its vitality and the essential role it has played
in the development of society. Be it with regard to health

Physics deals with the care, sports and recreation, energy resources,
fundamental transportation or telecommunications, it makes a
components of the significant contribution to everyday life.

universe and their
interactions, and with
forces and their effects.

Faced with the rapid emergence of large amounts of
complex scientific knowledge and the proliferation of its
applications,’ people must acquire knowledge specifically

gstel ofe] mutsuith 2 @bt e SYSL J1estAA Bt 2o Ay
AIASHL Qlch. 2] LupolA 2elstet BAE Wwn alo] ARslo] WA
ge gt yge 91 9t

Making Connections: Physics and the Other Di

In a variety of ways, the Physics program is related to the other dimensions
of the Québec Education Program (i.e. the broad areas of learning, the cross-
curricular competencies, the Mathematics program and the other subject
areas, as well as the Integrative Project).

Connections With the Broad Areas of Learning

Because of the ways in which science affects human health and well-being,
the environment and the economy, there is significant overlap between the
various contexts associated with the broad areas of learning and the issues
and challenges raised by discoveries and inw@ntions.
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o pSHO] B3l WX (Nature and development of science) : X9 X]Alo]
W2 AFEY =85 EolA U AIRbE AXN oA LEE geXlE 2
stol dtete] EE3t wAat BetA x|Ale] ojshE THECE
o }sto] At23F P3KUse and influence of science) : oJ2A IshA XAl
Algo] Qo] Aol TS FAl, asto] Atglof] oA o2 P we
o, 242 stn WSS st o9 AP FEAS thech

oX
rlo

szol Tpet SRS A bRl geloz pyEdl, elo] ols(Science
Understanding), ©17F0] w21 0 2 9] 8K Science as a Human Endeavour), 1t
sk Bl 7]5(Science Inquiry Skills)o|t}.

T E0A CQIzke] weloeme] mele] &L ‘ere] R 9 (Nature and
development of science)' @} ‘1}sto] A2y Y& Use and influence of science)’
o] ¥ ATolA TS £1 - welut wojgssiel dwel 9ok,

® Focus statements for physics

* Physics at level 6
® Physics at levels 7 and 8

Physics is in many ways, the science oflinvention. Teenagers are fascinated by how their world
operates. Physics provides a pathway for students to understand the physical world and use this
understanding to create new technologies.

=2t 2¥Y Hefolts 2 SA 22 Sl M2 7Ied xR ot W
&2 AAlskL At

Science is both logical and creative

Scientific investigation makes use of multiple approaches, creative as well as logical. Creative
scientists “think outside the box”", shift perspective as they view problems, and examine different
views of the same problem. Through inspiration, careful observation, and critical thinking,
scientists discover, inVeént, adapt, combine, and apply ideas. Knowledge gained from scientific
research finds its way into countless practical applications/technologies that benefit humankind.
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Our framework for the 21st century competencies encapsulates values
and competencies which we have identified as being particularly
important for the development of every child. The framework
incorporates:

e Core values (respect, responsibility, resilience, integrity, care,
harmony);

e Social and emotional competencies (self-awareness, self-management,
social awareness, relationship management, responsible decision-making);
and

e Emerging competencies (critical and inventive thinking; communication,
collaboration and information skills; civicliteracy, globalawareness and
cross-cultural skills).

N
@.9 .
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Management
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Hotat wsHYAA 7 F8E AL W0l
141%;‘4]74]9} ZF WEAAER S5 W&
vk A9 =9, g, ARast, A S
SHAANME HT Y4/NE (Core idea) T TAHLZ TAHHE
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e FES Fol g

o
o

NSES(v] =18t 57]1&)

At 2AE ZRT 9@, ol2fE £AlE sidst] ds) =2et U]
=2 9H3lo] 9t} (People have always had problems and invented tools
and techniques to solve problems)

o, A4, £& A4 Jvt REI} BelE pele] FEolH apHt
(Creativity, imagination and a good knowledge base are all required in
the work of science and engineering)

}7]%7;4 7\] S == Eaj al Oto Elﬁgt HH:ﬂo] xﬂﬂmo] KH;HH [q1_-‘;__01 S|
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L E5to A9l 7Z1oz =t (Technological knowledge is often not made

pubhc because of patents and the financial potential of the idea or
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W ol

invention. Scientific knowledge is made public through presentations at

professional meetings and publications in scientific journals)
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(Benchmarks for Science Literacy)
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(Science for All Americans)
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GrADE 5 Praysicar Science: Forces anD SivprLE MACHINES

Skills and Attitudes

observe the effort used to change the direction and motion of objects (balanced and unbalanced forces)
measure amount of effort force “saved” by using a simple machine

demonstrate curiosity and show inventiveness

design an investigation to test and compare simple machines

ensure fair testing when conducting an experiment

identify and control variables in an investigation

communicate in various media to show how simple machines work

use materials and tools safely
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Year 5

Use and influence of science

Scientific understandings. discoveries and
inventions are used to solve problems that
directly affect peoples’ lives (ACSHEO83)

= o

Scientific knowledge is used to inform
personal and community decisions
(AGSHE217)

Elaborations

« investigating how the development of materials such as plastics and
synthetic fabrics have led to the production of useful products

« describing how technologies developed to aid space exploration have
changed the way people live, work and communicate

« exploring objects and devices that include parts that involve the reflection,
absorption or refraction of light such as mirrors, sunglasses and prisms

« considering how best 1o ensure growth of plants

« considering how decisions are made to grow particular plants and crops
depending on environmental conditions

= o i - + comparing the benefits of using solid, liquid or gaseous fuels to heat a
R home
« describing the safety aspects of using gases
o]z

017F0] w2 0 2 K9] 1}&H(Science as a Human Endeavour)
1=}

I, 2, 2ol A &ofl AgHez I
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Science as a Human Endeavour

Nature and development of science

Science involves testing predictions by
gathering data and using evidence to
develop explanations of events and
phenomena (ACSHEDS8)

= ot |-

Scientific understandings, discoveries and
Inventions are used o solve problems that
directly affect peoples’ lives (ACSHE100)

S o i V-4

Elaborations

« investigating how knowledge about the effects of using the Earth’s
resources has changed over time

» describing how understanding of the causes and effects of major natural
events has changed as new evidence has become available

» investigating the use of electricity, including predicting the effects of
changes to eleciric circuits

« considering how gathering evidence helps scientists to predict the effect of
major geological or climatic events

researching the scientific work involved in global disaster alerts and
communication, such as cyclone, earthguake and tsunami alerts

investigating how electrical energy is generated in Australia and around
the world

researching the use of methane generators in Indonesia

considering how electricity and electrical appliances have changed the
way some people live

Q17te]
WA ERFA)S A7
ato] ofsf, w3, Wyl
Lo AbgEct

20 29 1sHScience as a Human Endeavour)

2re] yo AgRoz o

o2
o
=
rr
Mo
>,
ujn
o
ol
=
ih)

- 105 -

ol



)
wREWE

Making Sense of the Nature of Science and its
Relationship to Technology

Level 2
Possible Learning Experiences

Students could be learning by:
* testing students’ ideas about how plants respond to light (L 2.4);
= sharing and exploring ideas about where the water goes when things dry (M 2.3);

« working in groups to come up with a report on the range of ideas about what causes day
and night (E 2.3);

+ discussing how and why we use eating utensils, such as forks, knives, and chopsticks
(M 2.7);

* discussing and reporting on what life would be like without zips or velcro (M 2.2, P 2.4);
+ dismantling a pendil sharpener and comparing it with others (P 2.4);

* listening to a story about the person who invented the telephone, to appreciate the role of
people in such developments (P 2.4);

= visiting a museum to find out about inventions and how people have used them
(P24, M 24).

Szt 7169 BA e WES ANFEN ASE BB Al B oo}
71 En 39 SHDRA Aol S 4T olAFES s WES Pa

Understanding in science, participating and contributing

® Currently there is a debate about the positive and negative effects of cellphone use on
people's health. Research both sides of the argument and use this information to discuss
how it is possible for scientists reach different conclusions on this issue.

Discussion activities

®* Discuss how and why electricity is transmitted over long distances, using AC not DC.

27T1/278

Science

® Discuss how large industrial factories work with electrical supply companies to ensure
maximum efficiency.

® Discuss why Tesla's invention of an AC motor and the transformer were influential in the
decision to accept AC as the best choice for the transmission of electricity.
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Primary Science Curriculum

6 SYLLABUS CONTENT (P3 and P4)

About Diversity: Essential Takeaways:
A There is a great variety of living and non-living things in the world. Man seeks fo |+ There is a great variety of living and non-
[lo | oroanise this great variety of iving and non-living things to better understand the world fiving things around us.
in which he lives. There are common threads that connect all living things and unifying | * Man can classify living and non-living things
factors in the diversity of non-living things that help him to classify them. This theme based on their similarities and differences
brings across the importance of maintaining diversity. fo better understand them.
*  Maintaining the diversity of living things
Note: * Lower Block wround us ensures their continual survival.

= Upper Block

Key Inquiry Questions:

*  What can we find around us?

*  How can we classify the great variety of
living and non-living things?

= Whyisiti rtant fo maintain diversity?

Introducing the theme Diversity:

(35

IF

888

[%88

Things Around Us:

Based on the siory of Carl Linnaeus and his ciassification as well as field frips to the school garden, students can observe and
classify the diversity of living things and non-living things around them. Students can alsc be encouraged to give reasons and
criteria for their groupings. Students can appreciate the imporiance of grouping when they are looking for a particular item in the
supermarket or a certain resource in the library.

Idea from Mother Naiure:

Based on the story of how George de Mestral and his dog's nature hike led to the invention of hook and loop fasteners, students
can appreciate how careful chservation and curiosity can lead to the invention of products, making use of properties of different
materials.

Seizing the Opporunity:
Based on the invention of sticky note pads, students can appreciate how scientists have creatively tumed weak adhesives info
making useful paper products.

About Systems: Essential Takeaways:

A system is a whole consisting of parts that work together to perform a function{s). |« A system is made of different parts. Each
There are systems in nature as well as man-made systems. Examples of systems part has its own unigue function.

in nature are the digestive and respiratory systems. Examples of man-made | * Different parts/systems inferact to
systems are electrical systems. Understanding these systems allows Man to perform function(s).

understand how they operate and how pars influence and interact with one

another to perform a function. Key Inquiry Questions:

s What is a system?
Note: * How do partsisysiems inleract to perform
* Lower Block function{s)?

** Upper Block

(35
(35

Introducing the theme Systems:

The Cell Story:
Students can find out more about scientists such as Anton Leswenhoek, Robert Hooke who have contrbuted to the
discovery and study of cells.

Frightening Lightning:
Using the story of how Benjamin Franklin invented the lightning rod, students can appreciate how Man comes to understand
the world around him and protect themselves against lightning.
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[NGSS Connections to CCSS for English Language Arts and Mathematics]

Finally, from a global perspective, engineering offers opportunities for

“Innovation” and “creativity” at the K—12 level. Engineering is a field that

is critical to innovation, and exposure to engineering activities (e.g., robotics
and invention competitions) can spark interest in the study of STEM or future

careers (National Science Foundation [NSF], 2010).

NGSS+= Next Generation Science Standards®] <FAl=2 FH< AMEFA /HdE v
o] AL #E WA otk NGSSAlAE HE, Hx/H& /9, Oﬂtixlﬂr
?lx“éfﬂr E"ﬂﬁ]r %?lﬂr A3, A, :rL—7-:9]r 7I's 59 #EN

=

Esho] ° ‘?3—']1_] z‘?i,——-_‘ 11]}‘]3}93\‘4' JJ:L B2 HAEs B e FFuSFY
SHS Eosto] NGSSet AH3), ¢10f, 428t & t& udpete] dAdgdS AlAsh=
Ao A FeAQ Do g AtelZ 23] (invention competition)S A A]

Level 2 Levei 3 Level 4 Level 6

Typically by fhe end of
Foundation Year, students:

Typicaly by the end of Year
10, shudenis:

Typically by the end of Year 2,
shudents:

Typically by the end of Year4, | Typically by the end of Year 6, | Typically by the end of Year 8,

Imagine possibiliies and connect ideas

use imagination to view or
create things in new ways
and connect two things that
seem different

‘build on what they know to
create ideas and
possibilites in ways that
are new o them

expand on known ideas to
create new and imaginative
combinations

combine ideas in & variety
of ways and from a range
of sources o create new
possibiliies

draw parallels betwesn
known and new ideas o
create new ways of
achieving goals

create and connect
complex ideas using
imagery, analogies and
symboiism

Examples

* changing the shape or
colour of familiar
objects

Examples

* using a fiow chart when
plotting actions

Examples

* exchanging or
combining ideas using
mind maps

Examples

* by matching ideas from
scienca and history

Examples

* using pattems and
trends in Mathematics
to arrive at possible

Examples

* developing hypotheses
based on known and
invented models and

salutions in ather
leaming areas

theories

‘Critical and Creative Thinking Learning Continuum’llA] “o}o|tjo], 7}54, 3
& A/(Generating ideas, possibilities and actions) ®lA] Level 6(108Hd &3)el

SEe] @, Wf, A4 5 Agstel Bd ololtolE AT ABA
2 & QU BTk oE B9, Sl wYE Ly ogd TAW AL A
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Assessment Examples

Teachers and students could assess the students”:
» understanding of how light helps people see, when the students draw a diagram
showing their ideas of how light travels from the sun to help a person see a tree;
s ability to work in a group, when they investigate and report on the effectiveness of
group-made timing devices;
= ability to review their work, when the students explain and evaluate their group’s
attempt to make a package to slow the melting of an ice cube;

s ability to communicate, when individual students investigate and present a report on
how a mechanical toy works;

» research skills, when the students find out details about the inventor and invention of an
item of everyday technology, such as a telephone.

B L E

The Technological World

By becoming familiar with the world of technology, the students come to realize that technology is an integral part of the world around them. The study of enginearing concepts is
aimed at providing them with tools for designing and making the prototype of a technical object. By studying mechanisms in terms of forces, motion or enargy transformations, the
students can understand how certain technological systems work.

General Concepts Orientations C isory C ible Cultural Ref:
Engineering Technology has always been a part of all human cultures. The first objects made were  » Specifications History
simple, yet ingeniously designed. Over time, their structure became more complex  « Design plan * Evolution of building materials
and involved a greater number of interacting parts. » Technical drawing - 'Mn‘iplaca autpmation
A5 a result, it bacame necassary to devisa new methods of racording or representing  * Manufacturing * :{xstury ‘?;ﬁe:"mn
the important elements in a design, manufacturing or analytical process. procass sheet - ail
The discovary of new typas of materials or naw properties made it possible to design * Raw wal - DE;IS Papln
and make new technical objects in different fields of activity. * Ngleriol » Joseph-Amand Bombardier

= Equipment

o

A7} FhsE WA Aol AFRRA WEE AT UL
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CrassrooM AssessMENT VMODEL * Grade 5

Grade 5 Physical Science: Forces and Simple Machines

Itis expected that students will:
* designacompound machine

Prescribed Learning Outcomes

combination of simple machines

Planning for Assessment

* Have students examine items from around the
school that they believe show a simple machine
in operation. {e.g.. can OPEner, sCissors, paper
cutter, playground slide, flat tongs for trash,
dust pan, and flag pole rope)

Using the previous machines, compare these to
another set of devices found around the school,
which show combinations of simple machines.
{e.g. spring-loaded door, drawers, door hinges,
roller blind, stage rope/curtain/hocoks, freight
dolly, mop squeeze rinse, trash picker with
trigger grip and a dusk bucket on a pole).

* Have students prepare a compare and contrast
sheet or a KWL using these items.

Discuss how these examples combine and
work with levers, pulleys, ramps, screws,
wedge, wheels, incline plane.

Suggested Achievement Indicators

The following set of indicators may be used to assess student achievement for each corresponding prescribed learning

outcome. Students who have fully met the prescribed learning outcome are able to:

1 identify the simple machine incorporated in the working parts of compound machines designed for a
specific task (e.g,, lifting, pulling, and carrying heavy loads)

3 proficiently assemble a compound machine, illustrating in detail how it is constructed from a

Suggested Assessment Activities

* When assessing students initial compare and
contrast focus on early understanding only. In
particular look for
- alignment of matched items by similar function,
(i.e., trash picker, dust bin)

- correct naming of simple machine part (i.e,
lever, pulley etc.)

- ability to explain the machine’s function and
necessity.

* After discussion, all students should be able
to name the basic machine parts in the school
examples: levers, pulleys, ramps, screws, wedge,
wheel and axle, incline plane

Have students use the following process to

design an imaginary compound machine

- startwith an idea and provide a reason or
necessity for the lmmuthn

- the machine should mave an object (load)

* When assessing students’ compound machines,
consider the extent to which students have
- followed various steps of the design process
- designed a machine that consists of more than
one interconnected simple machine

B7} Aol gt olAl= Lol WAy ol g 52 AASES .
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