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Introduction to STEM-CIP
What is STEM-CIP? The Science, Technology, Engineering, Mathematics-Curriculum Inte-

gration Program (STEM-CIP) is an innovative approach to the design of 

curriculum and instructional materials in which the disciplines of science, 

technology, engineering and mathematics are taught as one, rather than be-

ing distinct and separate as in the past. The natural connections among the 

four disciplines, which have always been there in the past in research labs 

and professional work, have not traditionally been emphasised in the design 

and process of present day education. The (upper primary, middle and high 

school) modules of the STEM Curriculum Integration Program have been 

designed to engage students in stimulating, authentic and contemporary 

problem-based STEM scenarios involving the life, physical, environmental and 

earth/space sciences, technology and engineering, and mathematics. Drawing 

from the best in STEM pedagogy, the STEM-CIP modules provide students with 

the opportunity to learn age appropriate concepts, skills and processes, and 

to acquire STEM attitudes and “habits of mind”.

Curriculum Design 
Template

All modules within STEM-CIP have been designed using principles of Under-
standing by Design (Wiggins and McTighe, 1998). Understanding by Design 
(UbD) is a well-known curriculum design process used to write units (mod-

ules of instruction) in a three-stage process – Desired Results, Assessment 

Evidence and the Learning Plan. Many departments of education, tertiary 

institutions and universities, and entire school systems advocate the use of 

Understanding by Design as a contemporary planning process for teaching 

and assessing applicable standards.

Many authors, among them Reeves (2003), Marzano, Pickering and McTighe 

(1993) and Lantz (2004) have been proponents of performance-based assess-

ment in which students must demonstrate what they know and can do through 

the completion of meaningful performance tasks. All modules within STEM-CIP 

present opportunities for students to engage in performance-based tasks and 

assessments, along with more traditional forms of assessment, such as selected-

response items.

5E Teaching, 
Learning and 

Assessing Cycle

A modifi ed 5E teaching, learning and assessing cycle, incorporated into all 

STEM-CIP modules, is based upon research fi ndings about how students learn 

science. These fi ndings indicate that students learn best when they have an 

opportunity to engage in explorations in a hands-on/minds-on environment 

in which they make and pose explanations for their discoveries. Engagement, 

Exploration, Explanation, Elaboration and Evaluation are the recursive phases 

of the 5E teaching, learning and assessing cycle. A brief guide to the 5E model 

appears next.

The Original 5E Model – At-a-glance Guide
(Trowbridge & Bybee, 1996)

Engage
This stage is designed to interest students in the learning, linking it with past learn-
ing and common background knowledge. It stimulates curiosity and promotes 
questioning, while linking the learning to real world experiences. This has a twofold 
purpose – it interests students in what is coming, while simultaneously showing 
them the purpose for the learning by situating it in their existing worldview. Teach-
ers can guide this stage by asking specifi c questions to elicit prior knowledge from 
students.

© H
aw

ke
r B

row
nlo

w E
du

ca
tio

n



4 Teacher’s Guide © 2011 Hawker Brownlow Education • 9781742395302 • CUR5264

Explore
This stage allows students to directly engage with key concepts by inciting them 
to probe, enquire and question, using their existing knowledge to connect it to 
new concepts and ideas. These connections may occur rapidly, or may need to 
be broken down several times before they are clear. The teacher is responsible 
for directing questioning appropriately and providing probing questions to push 
children in the right direction.

Explain
In this stage, students begin to logically sequence events and facts from their 
exploration, with a view to being able to communicate this information to others. 
The teacher can use this stage to act as a facilitator, offering further explanations 
and clarifying terms, etc, as necessary. This stage is useful in ascertaining the 
learner’s development and grasp of the key ideas and concepts so far.

Elaborate
This stage allows students to expand what they’ve learned so far and to 
connect this directly with their prior knowledge and learning, hopefully reaching 
understanding. The teacher can therefore verify student understanding fully at this 
stage.

Evaluate
The process of evaluation should occur throughout the learning experience, 
allowing the teacher to determine whether the learner has reached the level of 
understanding needed at every stage. More formal evaluation, however, can now 
be conducted. If at any point the teacher decides that a student has not reached 
the desired level, they simply go back to the appropriate stage.

Breakdown of Activities by 5E

TITLE TOPIC / CONTENT 5E
Module Engagement Let’s Soar: Launch a Rocket and 

Introduce Module Performance 
Task

Engage, Evaluate

Activity 1 Dissolving Materials Explore, Explain, Evaluate

Activity 2 Alka-Seltzer and Water Explore, Explain, Evaluate

Activity 3 Temperature and Dissolving 
Time

Explore, Explain, Evaluate

Activity 4 Particle Size and Dissolving Time Explore, Explain, Evaluate

Activity 5 Different Liquids and Dissolving 
Time

Explore, Explain, Evaluate

Activity 6 What is Form and Function? Explore, Explain, Evaluate

Activity 7 Engineering Your Rocket Elaborate, Evaluate

Activity 8 Engineering Your Rocket: 
Redesign and Launch Day

Elaborate, Evaluate

Activity 9 What Goes Up Must Come 
Down

Elaborate, Evaluate

Activity 10 What Might Affect Gravity? Elaborate, Evaluate

Activity 11 Rhythms of Gravity Elaborate, Evaluate

Levels of Inquiry All the example standards (derived from the US National Science Education 

Standards, the US National Council of Teachers of Mathematics Standards, the 

US National Education Technology Standards for Students and the Standards 

for Technological Literacy) utilised in STEM-CIP modules call for teaching, 

implementing and assessing student understanding of inquiry throughout the 

curriculum. As a result, four scaffolded levels of inquiry are included in most 

modules, starting with the most structured form – confi rmatory inquiry,
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Engagement: Aliens Aren’t Always From Outer Space

Mathematics 
Readiness 

Assessment

Mathematics and science go hand-in-hand. Many times mathematics is neces-

sary to understand and work with science concepts. In order to fully understand 

the science and be successful with investigations and activities in this module 

it is important for your teacher to know if you already know some mathematics 

computations and skills. On pages 117–124 of the Student Data and Response 

section (SDR) is a mathematics readiness assessment designed for this module. 

Complete it to the best of your ability. It will not be marked; it will be used to 

help your teacher create strategies so that you can successfully complete the 

activities.

Do You Already 
Know This Science?

In preparation for the main performance task in this module, it is important to 

understand what you already know about ecosystems, water, watersheds and 

exotic, invasive species. Answer the questions on pages 125–130 of the SDR. 

Your responses are not marked and, correct or not, will help guide the lessons 

in this module.

Materials Needed red texta or coloured pencil

What is an Alien? Assume that the drawing to the left represents a habitat (a 

natural environment where an organism lives). The habitat 

to the left represents a home to small creatures like frogs. 

These creatures have lived there for many, many years and 

are considered native to this habitat.

Suppose someone brought an alligator 

from another habitat and let it swim in 

the frog’s habitat. The alligator is considered non-native, 

exotic or alien to the frog’s habitat. This puts the frogs and 

other small creatures at risk. The alligator could become an 

invader of this habitat.

Are Aliens Always 
Big in Size?

Alien species are not always large. Aliens can fi t in the palm of your hand or 

can even be microscopic. It is easier for small alien plants and animals to move 

from one habitat to another, because they can unknowingly travel in or on ve-

hicles or even other animals. For instance, many alien species have travelled in 

cargo ships that travel the world’s oceans. When a ship docks in a distant port, 

water is released from the ballast tank. As water is released, a ship rises in the 

water which allows for navigation in shallow waterways. The ballast water, re-

leased into the waterway, could contain small plants and animals from faraway 

places.
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can even drive on it. Compare that with the water in an ocean. If the tempera-

ture is below freezing, the water in the ocean is still liquid. Why? Let’s explore 

this.

2j.  Fill a large freezer bag half full with crushed ice. Add 250 mL of salt and 

seal the bag. Knead the ice and salt until the ice has completely melted. 

The bag may get too cold to handle; keep shifting the kneading process 

to other members of your group. Read the temperature of the saltwater 

mixture, and then record that temperature on page 139 of the SDR.

2k.  Next add 25 mL of water in a sandwich-size freezer bag. Seal the bag, and 

then put it in the saltwater mixture – inside the larger bag. Allow the plas-

tic bags to lay undisturbed for about 20 minutes, then record your obser-

vation on page 140 of the SDR and explain the reason for any differences 

between the saltwater and the pure water. Apply your explanation to the 

environment; why do lakes freeze and oceans don’t?

Water Cycle

Water Cycle

Our Sun provides the energy necessary to provide precipitation to supply the 

freshwater necessary for life beyond the oceans. It is only the atmospheric por-

tion of the water cycle (see above diagram) that can restore water to a liquid/

solid state and return it to the surface of Earth. Oceans and other bodies of wa-

ter rarely boil in nature, so there must be a way for water to change into vapour 

without reaching its boiling point. This can happen with evaporation, the act 

of a liquid changing to a gas or vapour.

Explore Evaporation 
of Water Evaporation occurs almost everywhere; 

however, evaporation is most extreme in 

desert environments. Death Valley Na-

tional Park has the highest rate of evapo-

ration in North America. This deep valley 

collects the rain and melting snow from 

a huge area of California and Nevada, on 

rare occasions turning much of the val-

ley into a shallow lake. Even after a big 

rain all the water quickly evaporates, leaving only a new layer of sand, silt and 

salt behind (desert soil, shown above, after evaporation).

To determine what happens to dissolved materials when water evaporates, set 

up and complete the following experiment.

1.  Label one petri dish “saltwater”. Label a second petri dish “distilled water”. 

Note: Distilled water contains no dissolved materials.
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Activity 2: Water is Amazing

2e. Now add one drop of water. After seeing how much room it takes, rethink 

your fi rst prediction. Do you want to change your prediction? If so, record 

your new prediction below.

   _______________________________________________________________________

   _______________________________________________________________________

   _______________________________________________________________________

2f. Continue gently adding drops until the water spills off the coin and record 

your results below. Repeat this procedure two more times.

Number of Drops of Water on the Head of a Coin

Trial 1 Trial 2 Trial 3 Mean (Average)

2g. Next, fi nd the mean (average) for your three trials and record your answer in 

the right-hand column of the above table.

2h. Why is it important to do “repeated trials”? Why is it important to calculate 

the mean? Record your responses below.

   _______________________________________________________________________

   _______________________________________________________________________

   _______________________________________________________________________

   _______________________________________________________________________
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Activity 7: Check Your Understanding

Directions: Use the diagram below to answer numbers 4–6.

4. Which of these animal 

populations will most likely 

decrease fi rst if all of the fi sh are 

removed from this food chain?

� turtles

� pelicans

� mosquito larvae

� dragonfl y larvae

6. What is the source of energy for 

the food chain?

� sun

� plants

� mosquito larvae

� dragonfl y larvae

5. This diagram is an example of a 

food chain that would be found in a 

(an)

� aquatic ecosystem.

� terrestrial ecosystem.

� deciduous forest ecosystem.

� desert ecosystem.
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Cooperative Learning (Lantz, 2004)

Name:  ____________________________________  Date:  ______________Course/Class:  _______________

Task/Assignment:  __________________________________________________________________________

Assessment

Performance Criteria Points Self Teacher Other(s)

1. My group completed all that was expected.

2. I accomplished my assigned task within the group.

3.
My actions and behaviour made signifi cant 
contributions to the total group effort.

4. I listened to and respected others and their ideas.

5.
I got others involved by asking questions, 
challenging and/or requesting information.

6.
Working in the group helped me learn more than if 
I had worked alone.

Comments Goals Actions
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