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“Understanding of the ocean’s influence on you
and your influence on the ocean” mup://ocean-literacy.com)
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7 Essential Principles & 44 Fundamental Concepts

1. The Earth has one big ocean with many features.

2. The ocean and life in the ocean shape the features
of the Earth.

3. The ocean is a major influence on weather and
climate.

4. The ocean makes Earth habitable.

5. The ocean supporits a great diversity of life and
ecosystems.

6. The ocean and humans are inextricalbly
interconnected.

7. The ocean is largely unexplored.

(http://ocean-literacy.com)
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EPs Conceplts EPs Conceplts
EPi#1 la Walery earth EPi#5 5a Varied life sizes
Bigocean 1b Varied ocean Life Diversity 5b Dominant microbes
lc Circnlationsysiem 5¢ Exclusivelife gronps
1d Sealevel 5d Unique ocean lives
le Water resonrce 5e Diiverse habitats
1f Water cycle 5f Environmental factors
1g Watersheds 5g Deep ocean ecosysiem
1h Limited resonrce 5h Vertical zonation
EPi#2 2a Ocean originated material 51 Esinaries
Ocean & 2b Land shapechange EPi#6 6a Ocean & hmman life
Earth 2c Erosionand Sediment Interconnection 6b Source for food, material and energy
2d Sand 6c Source for recreationand discovery
2e Changing coast 6d megu::astalareas
EPi#3 3a Conirolling weather and climate g A mﬂumces
Weather & 3p Dominating energy gf Haz?rdﬂtalregmns
Climate 3¢ ElNiiio g Caringlor theacean
3d Rain from ocean EP#7 7a Unexplored place
3e Dominating carbon cycle Unexplored 7b Morethan a coriosity
At Chmatechomges Ocean 7c¢ Sustainability of ocean
3g Ocean arcalabion for dimate change 7d Useoftechnology
EPi#4 4a OxXygen resoumce Te Useof math model

Habitat Earth 4b Life evolotion

7 Interdisciplinary work

e
f )
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6. The ocean and humans are inextricably interconnected.

(6a) The ocean affects every human life.

{6b) From the ocean we get foods, medicines, and
miineral and energy resources.

(6¢) The ocean is a source of inspiration, recreation,
rejuvenation and discovery.

(6d) Much of the world's population lives in coastal areas.

{6e) Humans affect the ocean in a variety of ways.

(6F) Coastal regions are susceptible to natural hazards.

(6g) Everyomne is responsible for caring for the ocean.




MUH Y

OL Scope & Sequence for G K-12

Essential Principles
and
Fundamental

Concepts

Principle #7
The ocean is
largely

and lile in the
ocean shape
the lealures

The ocean
supports a
graat diversity

Principle #4
The ocean
makes Earth
habitabhe.
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OL Scope & Sequence for G K-12

Principle 6:

Principle 6:
Grades K-2 The ocean and humans are inextricably interconnected.
Uses of the Ocean Where People Live Human Impact on the Dcean
A B. (3
Humans benefit from the ogean, ﬂwlmémam" mmd Humans impact the ccean,
Earth, but most live
near the coast.
Y -
Al A3, A4,
i 3 i) B.1. C.1. .2 C.5
et ol | [ty (8 o e I o [ L e
coast inland and sometimes keep the ocean
r"«E "m‘ :,:E:,m 5””’“4‘“ the | | people work, || transportation. benefits, but an the coast, can pollute the ocean, hiatthy.
: st eiong | i ailso risks from change the shape
m cyche, i \ storms. of beaches and
i _prqwdes ather shorelings,
precipitation | i B
for plants | \
and arluma.'ls. | \ L ¥
Iw:rni:g 1 | C.2. .6, [c.7. C.8.
\ \ Beaches may be People can keep ||| Peophe can probect | | Ocean resources
| made bigger or the shoreling oCean animals are Hmited, 5o people
| ] 1 smaller by clean by not and seaweeds by | | need to use these
| 1 \ activities, such as | | and sediments fittering, by not collecting resources wisely.
| 1 the construction from infand and | | picking wp litter | | them, and by
| \ \ of river dams, coastal areas and recycling. keeping their
I harbors and 1o the ocean, habitats safe and |
| | \ houses. heaithy, |
I | | I I
| | 1 | |
v ¥ v
See Principle 1: C1| [[See Principle 7: B3] [ See Principle 4: C4) [See Principie 2: A1) [ See Principle 1: €1 [See Principle 7: A1]
See Principhe 3! Al
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Old Generation

Aquariums

Hamburg Aquarium
(1864)
Monaco Aquarnum
(1910)

Shedd Aquarium
(1930)

Transitional
Aquariums

O ==
HUYd FHAl
AHA M ALK FHA

Vancouver Aquarium
(1956)
New England Aquarim
(1969)
Kiel Aquarium
(1972)

New Generation
Aquariums

EOfE S5
HOHIH QS X 3HK]
187|523}

Monterey Bay
Aquarium (1984)
Two Oceans Aquarium
(1996)
Georgia Aquanum
(2005)
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(Ballantyne, 2004; NOAA, 1998)

> Ao} Q= SIS} CloFst mQm
SIS s HANA FL 7tn o
{Kim, 2007, Schubeletal., 2009)
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stofol 71% E03t 94
{Schubeletal., 2009)
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X 2 (schubeletal,, 2009)
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Hands-on Experiences
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Interactive Settings




Technological Novelty Settings




ol FrFa2 HAES

Relevant Settings

Location,
location,
location.

wWith plenty of food and a8 wide variety of
plocos to lve, even the most partoular moacinoe
rmammals find ideal sccomodations on BO's
const. Check the classifieds below Lo find
Araam homas for every ifeestyle.
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Multimodal Settings




Multisided Settings
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Accessible Settings
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Child-friendly Settings
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Extended Educational Facilities




Numbers of educational programs in three aquariums (Elementary level only)

Monterey Bay  Seattle Vancouver SUM
Gallery program 6 (1) 6 6 (10) 18 (11)
Lab program 4 1 1 6
Outcloor program , 2 2 4
Outreach program 4 1 4 9
Event/Immersion 1 1 2 4
SUM 15 (1) 11 15 (10) 41 (11)

Note. () represents the number of self-guided gallery tour.
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Marine Mammals Curriculum Links (grades 3-7)
Learning Outcomes - Science

AV = Aquarium
The lesson plans found on this website complement the BC Ministry of Educations FG = Flash Carc
Curriculum IRPs. Here is the direct link: CH = Creating &
Dite Sheessy Doed gov DC calirpicurnchwelicome him CS = Clicking in
Wa've listed the learning outcomes from the following OE = You Otter
organizers, which are coverad by the lessons described. WF = Whale or |

EW = Exploring
BB = Be a Beac
WW = Watchinc
LL = Litterless |

PS =Processes of Science

LS = Life Sciencea

Ph S = Physical Science

ES = Earth and Space Science

LEARNING OUTCOME Jav |FG JcH Jcs o
Grade 4

PS: make predictions, supported by reasons and relevant to content

PS: use date from investigations to recognize patterns and relationships and .
reach conclusions

LS: compare the structures and behaviours of local animals and plants in different
habitats and communities . . .

LS: analyse simple food chains - -
=: Hemmsfrade awareness of the Aboriginal concept of respect Tor the
environment

LS: determine how personal choices and actions have environmental
consaguences - a

%ﬁ@».'



Programs

Teacher Institute, Saturday Workshop,

New Teacher Workshop, Feld Trip Planning

Teacher Open House

Marine Birds, Inquiry-based Science, Citizen Science,

NOAA Workshop, Marine Mammails,

Exploring the Beach, Summer Workshop

Teacher Open House, Engaging Science Workshop,

Aquaschool Workshop, University Education Program

Agquarium

Monterey Bay |Splash Zone Teacher Institute, Coastal Systems

Seattle

YVancouwer
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1) Front-end Evaluation
HAlZ | =233 720l 83510 YE2RL 7|=X% HS
(Of: 242 A X4, €. 7IdiX] 3)

2) Formative Evaluation
HA|Z | =23=0| o =5t HIR} Zo| AL =X FZ =0l
(AHFHCez T2 778 7 Sof o|FO0|F)

3) Remedial Evaluation
HAIZE | Z2O3H0| YER0A 2= H
(Ol &X| ot 22MX| H=3, ZHTHst AH4ED)

[ =

4) Summative Evaluation
HAZ | =29 9% (=1 =2l
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Resources
* Money
* Cumiculum

Recruiting students

Human resources

* Coordinator

* Administrator

* Instructors

* Sdence laboratory
Assistant

* Participants

* Supportive parents

Fadlities

* Seminar room

* Sdence laboratory

* Feld trip sites

Equipments

* Microscopes

* Microscope
accessories

* Computer

* Projector

Others

* Consent forms

* Materials for
joumals & posters

7L AEM

Ac tivity

oll-| # Pedagogy (eg, 11
quidance discussion)

+ 2 Workshops for
* Microscope use

* Keeping joumal

* Poster presentalion

+ 10 Sessions for
¥ (hllecing & Cheening
microorganisms
with journaling

+ 1 Session for

Poster presentation

+ 2 Field trips to

HAlZ | =238 87

+ 15 Sessions held

;*#i}fpﬂhupa'ﬂﬁﬂ
trips
E**dpﬂrﬁﬁpﬂﬂﬁ

=i completed the
. program

in the microscope
observation

: » # of completed
' joumals

workshops/ poster 5
presentation/ field :

éf#c:ftupics-mmed;

' #of Sudents posters |

&4 (Logic Model) OjfA|

+ Knowledge changes
* Various types of
microorganisms
* Awareness of
relationship with
microorganisms

+ Improving skills
* Mripidingnioosope

* Keeping joumal
(e, irr.J
* Ptm'[m-ﬂm

{eqg., e-sent:ni
1

+ Confidence inrease
* Nriaddinn

Affective

+ Developing
* Sese of wonder 8
* Soence literacy &

=) Environmental

* Envirommentd Feraoy

Long-term Outcomes

+ Science literacy &

literagy development

4

+ Produdng exellent
human resources
in sdence &
technology
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(Kim, 2014)

4o sl 2+ Hael

H ARl
4ol ded

2

£l

&
Jo!

—E
r—

=
=i

2

52 2#o| W2 Ao| Y 2% Hajo] ]y

iz o7

_JI\-_
of
SofAjo} X|2l2 WA= sU= Aof O

ol H 8% wotof Cj3t 917 0]

S| X 40| SRMolL =161 s|YE £ %S 7|27
of| &

ad<




HzH

1. £ o SW(0}FoPAm)0f Holst & ESHMEo]
okl Al 2 O[T MBI}

-1

2. sHi=0| ofFop= ! WE A2 59| ol Ynlstx| 4
Hato] o 2| dEgE F7R

3. Ol ol =of EHo|st £ ESsHIE0] ol 3} L E=0f
Cist sl A= A (Orientation)2 O 2| M35t =712

4. s}8=9| of =9 of| &=}

-I.IJ
I|:|
»a
H oz
2 ket
ih]
ok

=1
o d=ol IZII ‘II"—‘.’—“. 2 Hslof o2 S =7




0|2 % HiZ

AL8| 25}0| 2 (Vygotsky, 1978, Wertsch, 1991)
SHRRLERIAL SIS 29 7 WA At 44 74

off 2Fof Ojot sij A= =%: Snively (1986)2] 6 Orientation
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168)

W3 ool = 0| HlSol= oSl

3-55 M8 (N

Total

Boy Gi

Grades

14 11 25
16
15

G3

East Asian

G4
G5

(n=56)

53
35
24

168

23 30
20
14

G3

Caucasian

15

G4

G5

(n=112)

10
78

Total




A HHHE (Mixed Method Approach)

Embedded Experimental Model

Combining QUAN & QUAL

for interpretation

QUAN intervention QUJ& N
premeasure | = |postmeasure
(RQ 1, 3) | “auacames | (RQ 1, 3) > RQ
= QUAN Qutcome
© 13 o
c =
@ &
| E a
L )=
QUAL £ s
RQ
during ] QUAL 24 Process
intervention
(RQ 2, 4)
{Creswell & Plano Clark, 2007) {Creswell & Plano Clark, 2007)




Dayl Day2 3,4 Day5

« Questionnaire
[pre-test]

QUAN

lonnaire
[post-test]

Quest
Observation

QUAL

v

Informal conversation

.

Interview (n=20)

Documents

s

g, T

>

> >

Photo taking
Field notes




AR =4 SE

» Confirmatory Factor Analysis

QUAN

-samples #test

= Pair

» Repeated Measure ANOVA
 Independent-samples #test

= One-way ANOVA

ded data

lo-recor
» Coding by linking to themes

Il aud

ibing a

» Transcr

QUAL

- Marine Science Knowledge

- Onentations Toward the Ocean




Coding List for Marine Science Knowledge

Theme Code Subthemes Theme Code Subthemes
EPi#1 la Watery earth EPi#5 5a Varied life sizes
Bigocean 1b Varied ocean Life Diversity 5b Dominant microbes

l¢ Circnlationsystem 5c¢ Exclusivelife gronps

1d Sealevel 5d Uniquoe ocean lives

le Waler resonrce 5e Diverse habitats

1f Walter cycle 5f Environmental factors

1g Waitersheds 5g Deep ocean ecosysiem

1h Limited resonrce 5h Vertical zonation
EPi#2 2a Ocean originated matenial 51 Esinaries
Ocean & 2b Land shapechange EPi#6 6a Ocean & hnman life
Earth 2c¢ Erosionand Sediment Interconnection 6b Source for food, matenal and energy

2d Sand 6c Source for recreationand discovery

2e Changing coast 6d megu:astalareas
EPi#3 3a Conirolling weather and climate S Humans mﬂuences
Weather & 3p Dominating energy gf Hmdﬂmlmﬂm
Climate 3¢ ElNiiio g Caninglortheocean

3d Rain from ocean EP#7 7a Unexplored place

3; Dominating carbon cycle Unexplored 7b Morethan a coriosity

3f Climate clla.'ngp: Ccean - Sl

: : ; Tc Sustainability of ocean

3g Ocean drculation for dimate change 7d Useoftechnology

EPi#4 4a Oxygen resource Te Useof math model

HabitatEarth 4b Life evolution 7f Interdisciplinary work




Coding List for Orientations toward the Ocean

Themes Subthemes Themes Subthemes
Naturalistic 1 Taxonomy Acsthetic 1 Feclings
(NAT) 2 Ecosystem (AES) 2 Sense of wonder
3 Interest m the ocean 3 Artistic
& manne organisms) 4 Symbolic commmunication
4 Education 5 Predilection
5 Research
Spiritual 1 Moralistic THtilitarian 1Food
(SPR) 2 Emotional attachment (UTL) 2 Materials
3 Companionship 3 Energy
4 Biocentric 4 Medication
5 Empathy for organisms
6 Ethical Responsibility
Recreational 1 Enjoyment Negativistic 1 Harm to nature
C 2 Control 2 Avoid nature
(REC) 3 Anthropocentric (NEG) 3 Danger of the ocean
4 Social 4 Disconnection
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{Number of students)

35

30

25

20

(159) = -3.96, p = .000)

,jjillli.

ol 1Y

E Pre-lest

B Post-lest

[I"Iu mber of correct answers]
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Q1

e )

E 2 2

| o

= Pre-Test
B Post-Test

- -

Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 *:p<05; *:p<.0l
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» O}510}ZHI (10 galleries and 20 camp activities)
|2 st E0| ol Fatetx] & Helof 2 EHEl
HES F @ILE 2 Y A% 59 60| 57)

(Ex.) Bioaccumulation (50min) s a physical activity game in which
children are introduced to food chain concept (3d) and are engaged
in a discussion about humans’ negative impact on marine organisms
(6e) and possible solutions to the 1ssues (6g).

{AquaCamps Program, n.d.).




Researcher: Inthe Ocean Wise Talk, you said to the instructor what
kind of fish is sustainable and which one we should avoid such
as blue fin tuna (6¢, 6g). How did you know that? I mean
where did you get it?

Adam: My dad told me.

Researcher: Yourdad?

Adam: Yes, my dad read a book or an article or a magazine and if he
found interesting topics or 1ssues he told me.

(Grade 3, informal conversation, July 6, 2012)
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> O} 0}ZH (10 galleries and 20 camp activities)
a8 2 sl =9| NAT, AES, SPR #7392 £712}
UTL, NEG 20| Zt20| XX A% 5

Jocelyn: Did you know that some Rockfish can be older than
humans?

Researcher: Really?

Jocelyn: Yes, you can see here. | She read the panel | Canary Rockfish
—it can live to 84 years old, so when you buy one at a market or
restaurant— i1t can be as old or olderthan you. And this Yellow
Eye Rockfish can live to almost 120 years old — 1t 1s incredible
(Sense of wonder).

{Grade 5, informal conversation, July 2, 2013)




A=A 400 et
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BEE =

Researcher: Could you tell me the most memorable experience you
have had with marine organisms?

Ryder: My family went fishing last year, and my dad caught a shark,
this much big one.

Researcher: Wow, you also got one fish?

Ryder: My brother gotone but I didn’t.

Researcher: What happened after catching the fish?

Ryder: We cooked the fish and enjoyed.

Researcher: Even shark?

Ryder: No, one guy who drove the boat killed the shark and threw
away. (Grade 4, interview, August 16, 2012)
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