FromSeparation
to
Integration

Building STEM curriculum and
instructional ‘design’ frameworks



What count as STEM education

STEM Subject Integrated STEM
curriculum curriculum

e Out of context, irrelevant ¢ Contextual, related to daily

to daily life life
 Narrow aims — emphasize ¢ Problem-based
low-order thinking 5 Integrated application of

e Textbook-led, passive

° knowledge and skills of
-different disciplines

learning
 Compartmentalization of < Applying technology
knowledge * Developing higher order
* Creativity and innovation thinking (e.g., analyzing

under-emphasized and creating)



How could a STEM curriculum design
framework help?
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Designing a curriculum/activity
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Where are we now?



Activity 1

* Read through the aims/expected learning
outcomes of the STEM-related subjects

provided.

* |dentify important learning outcomes related
to S/T/E/M.



Connecting STEM subject learning
outcomes (l)(Primary)
- A curriculum framework by ‘subjects’
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Connecting STEM subject learning
outcomes (l)(Secondary)
- A curriculum framework by ‘subjects’

Secondary [s T & m___

Science

Mathematics

Computer

Design and
technology



Reflections on Activity 1

s it easy to identify the connections between
S, T, Eand M from the learning outcomes of
the STEM-related subjects?

Which subject(s) show most connections?



The inclined plane of STEM integration

FIGURE 1.The Inclined Plane of STEM Integration

Transdisciplinary

Interdisciplinary

Multidisciplinary

Disciplinary
By undertaking real-
Students learn world problems or
Students learn concepts and skills  projects, students
concepts and skills  from two or more apply knowledge
Students learn separately in each disciplines that and skills from two
concepts and skills discipline but in are tightly linked or more disciplines
separately in each reference to a s0 as to deepen and help to shape
discipline. comman theme. knowledge and the learning
skills. EXPETIENCE.

Source: From STEM Lesson Essantials, Gradss 3-8 infegrating Science, Technology, Engimssring,
and Mathematics [p. 731, by Jo Anne Vasqusez, Cary Sneider, and Michael Comar, 2013, Mew York:
Heinemann. Copymght 2013 by authors. Reprinted with permission.

(Vasquez, 2015)



Activity 2

e Study the learning outcomes of the ‘Combat
Car’ activity under S, T, E, and M.
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‘Combat Car’ activity
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Reflections

* |s it easier to identify the connections
between S, T, E and M from the learning
outcomes of this activity compared with

Activity 17

e Why?



Building curriculum design
frameworks






The
“CHIP”
Frameworks




What does ‘CHIP’ stand for?



Processes

Integration

High-order
thinking




‘Combat Car’

Source: WAE/\=




Contexts for STEM Education

and distribution of food, energy
supply

Health Maintenance of health, Control of disease, social Epidemics, spread of
accidents, nutrition transmission, food choices, infectious diseases
community health
Energy Personal use of energy, emphasis | Conservation of energy, transition to | Global conseguences, use and
efficiency on conservation and efficiency efficient use and nonfossil fuels conservation of energy
Natural Personal consumption of Maintenance of human populations, | Renewable and nonrenewable,
resources materials quality of life, security, production | natural systems, population

growth, sustainable use

Environmental

Environmentally friendly

Population distribution, disposal of

Biodiversity, ecological

changes (coastal erosion,
sedimentation), risk assessment

quality behavior, use and disposal of waste, environmental impact, local | sustainability, control of
materials weather pollution, production, and loss
of soil
Hazard Natural and human-induced, Rapid changes (earthquakes, severe | Climate change, impact of
mitigation decisions about housing weather), slow and progressive modern warfare

Frontiers of science,
technology, engineering,
mathematics

Interest in science’s explanations
of natural phenomena, science-
based hobbies, sport and leisure,
music and personal technology

Mew materials, devices, and
processes, genetic modification,
weapons technology, transport

Extinction of species,
exploration of space, origin and
structure of the universe

Figure 1. Contexts for STEM Education
Note. Adapted from: Assessing scientific, reading and mathematical literacy: A framework for PISA 2006 (OECD, 2006)

(Bybee, 2010)




‘Combat Car’ activity
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Processes???

Integrationv’

High-order
thinking 2?77




High-order thinking



Bloom’s taxonom
(T EMEIT2
6 levels of cognitive processes:

* Knowledge/Recall (H1i5/112)
e Comprehension(FH#)
 Application(H)
* Analysis (4747) (High-order thinking)
 Synthesis (Z£&)(High-order thinking)
 Evaluation (14£) (High-order thinking)

(1956)
)

/\[’/E ~<




Revised Bloom’s taxonomy
(Anderson and Krathwohl, 2001)

6 levels of cognitive processes:
 Remember ()

e Understand (FH##)

* Apply (F&H)
* Analyze (43%7) (High-order thinking)
e Evaluate (EF§%) (High-order thinking)
e Create (£l]7&) (High-order thinking)




Examples of science learning outcomes
based on the Revised Bloom taxonomy

Name some common scientific apparatus

Understand scientific concepts

Apply scientific processes in carrying out
Investigations

Identify patterns from scientific data

Evaluate experimental design and sufficiency
of data to support conclusions

Plan for a scientific investigation




Quiz (1)
Cognitive processes?

. Changing from a formula to verbal form of
representation (e.g., Newton’s Second Law)

. Classify a vertebrate (5 ME:Z%7)) into the one
of the known classes of vertebrates (e.g., fish
and bird)

. Explaining the causes of an effect.

. Making hypotheses ({Ez15t)to account for a
natural phenomenon.



. Explaining why a control experiment is set up
in a particular way.

. Setting up a control experiment.
. Inventing a toy car.

. Judging whether a technological product
meets external criteria.

. Finding out the relationship between two
variables based on experimental data.



10.Applying the laws of trigonometry( =5 J[.{A]
%) to practical situations.

11.Planning for an experiment.



Activity 3

* Classify the expected learning outcomes of
the ‘Combat Car’ activity, according to the
revised Bloom Taxonomy.



Reflection on Activity 3

1. Which cognitive level has the highest number
of learning outcomes?

2. For STEM, which cognitive level(s) do you
think are more important?



Processes ?



Knowledge taxonomy — a new dimension to the
revised Bloom taxonomy (Anderson and Krathwohl,
2001)

1. Factual knowledge

2. Conceptual knowledge (Knowledge about
‘what’ and ‘why’)

3. Procedural knowledge (Knowledge about
‘how’ — including understanding of

procedures and implementing procedures by
applying different thought processes)

4. Metacognitive knowledge



Scientific thinking

N

-

Computational /1 D Design
thinking rocesses thinking
underlying
TE

V

Mathematical thinking



Activity 4

* Classify the learning outcomes of the STEM
activity for Activity 2, according to the
Knowledge Taxonomy.



Metacognitive knowledge
(12 Eseid IR

1. Understanding strategies for learning, thinking
and problem solving

2. Understanding strategies for performing
different cognitive tasks

3. Awareness of one’s strengths, weaknesses and
abilities in applying those strategies

Metacognitive knowledge -------- > SDL
(Self-directed learning)



[ |,
T
48
Iy

Self-directed Learning (

Metacognitive Define
regulation / problem Goal setting
\D. - Self-
isseminate Research directed
learning
Evaluatin ¢ \ Plannin
© STEM g (SDL)
Optimize Design Select and

T cycle plan
Developing ¢
) Make
Analyze and  students rototype Meta-cognitive
redesign | metacognition awareness

Meta-cognitive R Test
evaluation prototype

Implementing
&, Review of

progress




Benefits of Bloom’s taxonomy in
desighing STEM learning outcomes



Benefits of desighing STEM learning
outcomes based on revised Bloom taxonomy

1. Highlight high-order thinking skills in different
domains of STEM education (analyze, evaluate,
and create)

2. Emphasize different dimensions of knowledge
(conceptual, procedural, and metacognitive)

3. Link the learning outcomes of different STEM
domains at different cognitive levels to reflect
the in-depth relationships among S, T, E, and M.

4. Enhance vertical and horizontal integration of
learning outcomes within and across STEM
domains (Ensure basic processes, e.q.
understanding, are mastered for developing
higher-order thinking processes.)



Other learning outcomes of
Integrated STEM education



215t century skills

Communicating information, ideas,
designs/solutions and arguments

Critical reasoning and argumentation
Collaborating with peers

Problem solving

Creativity and innovativeness

Self-learning, self-monitoring, self-reflecting
and self-regulating



Processesv

High-order
thinkingv’ Integrationv’




Affective Domain

Attitudes (related to disciplines)

* Objective, able to tolerate ambiguity or
uncertainty, curiosity, honesty, striving for
optimization, open-minded, willing to take
risks, being precise and reflective

Attitudes toward STEM

* |nterest, willingness to participate, valuing,
persevering, self-confidence, feeling satisfied



igh-order
thinking ntegration




A Multi-dimensional Framework for STEM Curriculum Design

Other
Subjects

School curriculum STEM subjects

A) Grade: Secondarv/Primary (

B) Subjects involved
Major subject(s)
Theme/topic:
Learning objectives:
(What subjects are involved

oes the STEM curriculum unit co he subject curriculg?

Cognitive Domain STEN Learning objectives

(Cognitive process) S E M Others
(Subjects: ) (Subjects: ) (Subjects: ) (Subjects: )
Factual |
Remembering knowledge™®
(F) ical
Understanding Conceptual Ve rt I ca
Knowledge” ° °
© integration
Procedural
Knowledge# ° ° °
@ within subject
Applying C
P
Analyzing C/P
Evaluating C/P
Creating C/P

Metacognitive domain(@
21% century skills (e.g.,
collaboration. communication,
problem solving)

Affective domain

Attitudes (related to discy

Attitudes (generic) toward

Instructional design A Assessment




From curriculum framework to
activity(instructional) design



Two basic approaches to
STEM activity design

Inquiry-based approaches:
* Technology for scientific practice

* Integrated application of S/T/E/M concepts or
processes to scientific inquiry

Design-based approaches:
* Technology for engineering practice

* Integration of scientific inquiry/visual art into
engineering practice



Technology for suentlflc practice
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Integrated application of S/T/E/M concepts
or processes to scientific inquiry

wRAEF T XEHE




Technology for engineering practice
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Integration of scientific inquiry/visual
art into engineering practice
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Translating learning outcomes into
activity(instructional) design



Instructional design

A. Aligning the activity process with the learning
outcomes = LEARNING FLOW

B. Designing activity (instructional) plan



Aligning the activity process with the
learning outcomes
- LEARNING FLOW



Design-based STEM activity (Design cycle)

Engineering Research Plan Make Test Redesign
design prototype
process



Design-based STEM activity (Design cycle)

Research Plan Make Test Redesign
prototype

design process



Design-based : Designing instructions
(Primary level)

M
(Mathematics)
E

(GS, VA)

T
(Computer,
Visual art, GS)

S

(General

Studies)

STEM domain Research Plan Make Test Redesign

ineering prototype
design process




Design-based : Designing instructions
(Secondary level)

v (Math) [ T I

E
(Computer,
Design &
Technology)

T
(Computer,
Design &
Technology)

S

(Sciences)
STEM domai

Research Plan Make Test Redesign

ineering prototype
design process



Inquiry-based STEM activity

Inquiry Hypothesize Plan  Conduct Analyze Conclude
process  (Predict)



Inquiry-based STEM activity

E

STEM domain Hypothesize Plan Conduct Analyze Conclude
(predict)
nquiry process



Inquiry-based: Designing instructions
(Primary level)

M
(Mathematics)
E

(GS, VA)

T
(Computer,
Visual art, GS)

S
(General
Studies)

STEM domain

Hypothesize Plan Conduct Analyze Conclude
(predict)

quiry process



Inquiry-based: Designing instructions
(Secondary level)

v (Math) [ R T

E
(Computer,
Designh &
Technology)
T
(Computer,
Desigh &
Technology)

S
(Sciences)

Hypothesize Plan Conduct Analyze Conclude
(predict)

Inquiry process

STEM domai



Activity 5

1. Select a STEM activity (design or inquiry
nased) that was practiced in your school.

2. Design the learning flow based on the
earning outcomes and the approach to
STEM integration.

BLUE — Factual knowledge
RED — Conceptual knowledge

— Procedural knowledge



2. Designing instructional plan

Aspects of instructional design:

* Teaching/learning approaches (e.g., SDL
strategies)

e Scaffolding and learning flow

* Learning environment

* Resources

* Grouping

* Record and format of student work

* Dissemination/sharing of students’ learning
outcomes






