Title: The Incredible Journey
Introduction:
It is important for students to understand the role that different cyclic systems play in the natural world. The teaching of science should result in an understanding that “we are living in a cycled and recycled world which is composed of numerous sub-systems (geosphere, hydrosphere, biosphere, and atmosphere)” (Ben-zvi-assaraf and Orion 2001). The water cycle of the hydrosphere serves as a good example of these cyclic systems. 

We developed this lesson with the intent of teaching the water cycle, however, we recognize that through teaching the water cycle, it is important to bring students to the understanding that humans are a part of this natural system, and that we too play a role in the hydrological cycle. In addition, many opportunities exist to extend this topic to the impacts that humans can have on natural systems like the water cycle. 

Materials and Safety Considerations
The Incredible Journey
· 9 stations representing the stages of the water cycle (animal, plant, river, lake, ground water, glacier, cloud, ocean, soil)

· 9 large dice labeled as followed:

	Station
	Die side labels
	Explanations


	Soil
	One side plant 

One side river

One side groundwater

Two sides clouds

One side stay
	Water is absorbed by plant roots.

The soil is saturated, so water runs off into a river.

Water is pulled by gravity; it filters into the soil.
Heat energy is added to the water, so the water evaporates and goes to the clouds.
Water remains on the surface (perhaps in a puddle, or adhering to a soil particle).



	Plant
	Four sides clouds

Two sides stay
	Water leaves the plant through the process of transpiration.

Water is used by the plant and stays in the cells.



	River
	One side lake

One side groundwater

One side ocean

One side animal

One side clouds

One side stay
	Water flows into lake.

Water is pulled by gravity; it filters into the soil.

Water flows into the ocean.

An animal drinks water.

Heat energy is added to the water, so the water evaporates and goes to the clouds.

Water remains in the current of the river.



	Clouds
	One side soil

One side glacier
One side lake

Two sides ocean

One side stay
	Water condenses and falls on soil.

Water condenses and falls as snow onto a glacier.

Water condenses and falls into a lake.

Water condenses and falls into the ocean.

Water remains as a water droplet clinging to a dust particle.



	Ocean
	Two sides clouds

Four sides stay
	Heat energy is added to the water, so the water evaporates and goes to the clouds.

Water remains in the ocean.



	Lake
	One side groundwater

One side animal

One side river

One side clouds

Two sides stay
	Water is pulled by gravity; it filters into the soil.

An animal drinks water.

Water flows into a river.

Heat energy is added to the water, so the water evaporates and goes to the clouds.

Water remains within the lake or estuary.



	Animal
	Two sides soil
Three sides clouds 
One side stay
	Water is excreted through feces and urine.
Water is respired or evaporated from the body.

Water is incorporated into the body.



	Groundwater
	One side river
Two sides lake

Three sides stay
	Water filters into a river.
Water filters into a lake.

Water stays underground



	Glacier
	One side groundwater 
One side clouds

One side river

Three sides stay
	Ice melts and water filters into the ground.
Ice evaporates and water goes to the clouds (sublimation).

Ice melts and water flows into a river.

Ice stays frozen in the glacier.


· The Incredible Journey Tracker worksheet
· water cycle worksheet

· beads (different color for each station)

· string

This activity does not present any safety issues when materials are used responsibly. 
Curriculum Connections
Senior 2, Cluster 4: Weather Dynamics

S2-4-01: Illustrate the composition and organization of the hydrosphere and the atmosphere. Include; slat water, fresh water, polar ice caps/glaciers, troposphere, and stratosphere. 

Learner Difficulties 
The following learning difficulties may be experienced by senior high students.

The water cycle
- likely to view water as not being made up of molecules (Driver, 1994)

- likely to believe the only thing needed to cause clouds to form is cooling of water vapor (Driver, 1994)

- ignore underground portions of the water cycle (Ben-zvi-assaraf and Orion, 2001)

- misconceptions about water distributions on the earth (Ben-zvi-assaraf and Orion, 2001)

- no cyclic perception of the water cycle; view it as having a beginning and an end (Ben-zvi-assaraf and Orion, 2001)

 Freezing and melting of ice

· likely to believe that water contracts when it freezes and so ice takes up less       space then liquid water (Driver, 1994)

 Boiling water

- 16% of 15 years olds think that water that is left to boil for a long period of time will actually get hotter. Others believe that the water temperature is related to the number setting on the stove thus turning the number setting higher would increase the temperature of the boiling water (Driver, 1994)

     Condensation
- likely to not make the connection that water vapor is being changed to liquid water since this can not see the water vapor in the air (Driver, 1994)

· Likely to think that coldness causes oxygen and hydrogen in the air to join form water, rather than causing water vapour to condense to liquid water (Driver, 1994)

     Evaporation

- likely to think that water changes into vapor only through boiling.  (Example: water in a pot penetrates the solid object rather then evaporating) (Bar, 1989)
Classroom Procedure 

Evidential

This lesson opens with the evidential plane. Students are presented with discrepant events or activities demonstrating individual portions of the water cycle in order for them to start thinking about the places we find water on earth, the physical states of water and how water changes between those states. These discrepant events are intended to disturb the students’ cognitive equilibrium, and engage their attention. 
Cloud in a Bottle:

1. Fill the bottom of a 2L clear plastic bottle with 2cm of warm water.

2. Light a match and drop in the mouth of the bottle so that the bottle fills up with a bit of smoke.

3. Cap the bottle.

4. Rapidly squeeze the bottle.

5. Students will notice that a cloud has formed in the bottle when you let go of bottle, and the cloud disappears when you squeeze the bottle. 

6. Have the students offer explanations for why the cloud disappears when you squeeze and forms when you let go.

7. Explain to the students the ingredients required for cloud formation

a. Pressure change ( temperature change- caused by squeezing the bottle and letting go

b. Water vapour- evaporates from the water in the bottom of the bottle

c. Particles for the water vapour to condense on- the smoke from the match

A Trip to the School Yard:

Have the class go outside for a few minutes. Have the students identify the parts of the water cycle they can see- clouds, puddles, etc. Have them think of the parts of the water cycle they can see but are less obvious: ground water, plants, animals, etc.

A Model of the Water Cycle:

If time allows, a model of the water cycle can be made after Science and Children (February 2000). This model is constructed in a closed container. A landscape with a lake basin and a mountain is formed out of plaster of Paris. A stream bed is included in the formation of the mountain. The lake is filled with water. Above the lake a light fixture is installed, which acts like the sun. Above the mountain a cup of ice is suspended. When the light is on, the water in the lake evaporates. When the water vapour comes in contact with the cup of ice, it condenses. When enough water condenses on the cup, a “rain drop” is formed and falls on the mountain. The rain enters the stream and flows back to the lack where the cycle begins again. Caution: because of the proximity of a light fixture to water in this model we suggest that children should not construct or touch the model. 

Logical

After presenting the discrepant events, we will present the students with some information about the water cycle. We will cover the stages of the water cycle using prepared notes. Questioning students on the different places where water exists on earth is a good way to go through the notes. An alternate idea, if time allows, is to have students brainstorm a list of the different places water exists on earth and use it to generate a list for the students to record in their notes. 

Notes will also be presented on the phase changes that water undergoes in the water cycle. This portion of the lesson recalls or preludes information from the 20F chemistry unit. 

Finally, provide each student with a completely labeled diagram of the water cycle. Go over the water cycle with an overhead of the diagram, emphasizing how water moves between all of the stages mentioned, and pointing out where changes of state of water occur.
Psychological

In the evidential and logical portions of the lesson students have observed a representation of a cloud and of rain, two stages of the water cycle. They have also discussed and written down the stages of the water cycle, that water moves between these stages and how water sometimes changes state when moving between these stages. In the psychological stage of this lesson, we aim to help students understand by role-playing the movement of a water molecule through the water cycle in a game called The Incredible Journey.

The Incredible Journey

In this game we have adapted from Project WET, students simulate the journey of a water molecule through the hydrological cycle. Through this activity, students can better understand the dynamics of the hydrological cycle because they act it out. Students will become familiar with the different stages of the water cycle. Students will understand that a water molecule moves between different stages in a cyclical fashion. Students also gain an understanding that while the movement of water on earth is cyclical; there is no set pattern of movement through the water cycle. For example, some students will find that as a water molecule, they pass through many stages of the hydrological cycle, while other students will find that they alternate between only one or two stages of the cycle. Some students may even be stuck in a lake or glacier for the whole activity!

While the version of The Incredible Journey we are using is based on DeYounge (2000), we have made some modifications. These include having students go through the water cycle individually rather than in pairs. In addition, practicum experience led us to have the students go through the stations at their own pace rather than at set intervals indicated with a bell.  In addition, we have included stringing beads from each station as a visual method of tracking students’ journeys through the water cycle. 

Preparation for The Incredible Journey Game:

1. Create labels for the following stations:

· glacier

· lake

· ocean

· cloud

· river

· animal

· plant

· ground water

· soil

These labels should be colour coded with the beads for each station. 

Set up these stations around the room. 

2. Create dice according to instructions in methods and material

Note: having the students make the dice can be a fun way to familiarize the students with the different stages of the water cycle before they play the game. Students can either make drawings or use pictures from magazines to represent the different stages of the water cycle as listed under materials. 

3. Choose a colour of pony bead for each station. Place 20-30 beads at each station.

4. Write down instructions for the game on the whiteboard:

· choose a station to begin

· record you starting station on your Incredible Journey Tracker

· place a bead from your starting station on your string

· Roll the dice at your station to determine what station you will go to next as a water molecule going through the water cycle.

· proceed to station that you roll, and record it on you Incredible Journey Tracker

· place a bead from the station on your string

· roll the dice….  REPEAT!

Playing The Incredible Journey Game

1. Provide each student with a copy of The Incredible Journey Tracker.

2. Provide each student with a 30cm length string. Important: have students tie a LARGE double knot at the bottom of the string to prevent the beads from falling off! Remind them that no beads should be on the floor or flying through the air during the game. 

3. Provide each student with an unlabelled diagram of the water cycle for them to record their journey on. 

4. Go over the aforementioned instructions for the game on the whiteboard. Do a sample round, explaining:

a. The die at each station represents where a water molecule can go next in the water cycle. If you roll the die and the lake side is on top, proceed to the lake station next. Explain that the die for each station is specialized: a water molecule in the ocean might go to a cloud next, but it can’t go to a lake next.

b. If the die rolls STAY, then you must stay at the same station and roll the die again. This represents how a water molecule might remain in a certain stage of the water cycle like the ocean or a glacier for a long period of time. 

5. Have each student choose a starting station.

6. Begin the game! Have the students go through 16 rounds.

Plotting Your Journey

To join the psychological experience of moving through the water cycle as a water molecule to the logical part of the lesson, students will chart their journeys onto an unlabelled diagram of the water cycle (see attached). Students will gain understanding of phase changes. Students will also see that each water molecule can follow a different path through the water cycle, and that some water molecules may stay in one stage for a long time. 

1. Once students have completed their journey and have recorded it on their Incredible Journey Trackers, have students draw their journey onto the unlabeled diagram of the water cycle.

2. Have students label the stages they visited on their journey on their unlabelled diagram of the water cycle. 

3. Have students label any other stages they did not visit on their journey.

4. Have students label any changes of state they underwent on their journey. For example, if the student went from the ocean to a cloud, they underwent evaporation.

Wrapping Up 

1. Finally, as a class, compare journeys based on completed diagrams and strings of beads. The beads are especially useful for the class to pick out patterns. Was anyone stuck in a lake, ocean or glacier? Did anyone alternate between a cloud and a lake for the entire journey? 

Diverse Connections

· After students have become familiar with the water cycle through the Incredible Journey Game, students can write a narrative about a water molecule as it travels through the water cycle

· Students can read a prepared narrative on the travels of a water molecule and, such as “A Day in the Life of a Drop of Water” (attached), and answer questions on it. 

· Connections can be made to environmental issues such as pollution and resource conservation

Conclusion
Creating a lesson that addressed the logical and evidential planes of learning though the psychological lesson allows educators to develop student centred lessons. It encourages us to think about what the content means to our students, and whether or not our methods of presenting the content are effective. We must determine if the content is appropriate for the students, and whether or not they will be able to make sense of it. In this lesson we make the content intelligible by having each student act out the water cycle. As students act out the water cycle and later plot their journey and identify where phase changes take place, the movement of water all over the world becomes possible in the minds of students. This activity connects the stages of the water cycle together, connects the phase changes the students cover in chemistry to weather, and connects to the trophic levels the students learn in ecology. This lesson also can be modified to address other issues such as pollution, and water conservation. Finally, students must be brought to the realization that cycles underlie many systems and play a number of important roles in the natural world
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