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Middle School Students’ Conceptions on Water

	Benchmark 1: 
Use maps of the Earth to locate water in its various forms and describe conditions under which they exist. (SCI.V.2.MS.1).

	Goal Conception: Water exists in various forms on Earth. Different conditions cause water to exist as a liquid, solid, or gas.


	Naïve Conception:

(1) Water is the exemplary liquid, and all liquids are ‘watery’, ‘made of water’ or ‘containing water’. (2) Students have a difficult time accepting the idea of invisible particles of water in the air.  

Sources:

1. Driver, R. et al, (1994), Making Sense of Secondary Science; New York; Routledge, (pp. 98-103)..
2. NASA’s LEARN Project. (http://www.nasalearn.org/teacher_support_alerts_misconceps_earthsci.htm)



	Benchmark 2: 
Describe how water in Michigan reaches the oceans and returns (SCI.V.2.MS.2). 

	Goal Conception: Water cycles through the environment from the atmosphere to the biosphere, hydrosphere, and lithosphere and back again to the atmosphere. Water flows from Michigan to the Atlantic Ocean and then returns to Michigan through the atmosphere.


	Naïve Conception:



	Benchmark 3: 

Explain how water exists below the Earth’s surface and how it is replenished (SCI.V.2.MS.3). 

	Goal Conception: Precipitation can filter through the layers of the Earth and create groundwater, one type of useable water resource.
	Naïve Conception: 

	Benchmark 4: Describe the origins of pollution in the hydrosphere (SCI.V.2.MS.4). 

	Goal Conception: Humans, as well as nature, pollute the hydrosphere. Some of the human activities that can cause water pollution are:

· Construction 

· Industrial waste 

· Agricultural runoff 

· Sewage 

· Household dumping

· Burning of high sulphur coal, incinerators, car exhaust.
	Naïve Conception:

(1) All environmentally ‘friendly’ actions help all problems. (2) Keeping the beaches clean would reduce the greenhouse effect.  (3) Acid rain, ozone depletion and greenhouse effect are thought to be caused by same things and produce the same changes in the environment. (4) Clear water is pure water. (5) Hard water which leaves a residue when evaporated is not pure and not “good for you”.

Sources: 

(1) Driver, R. et al, (1994), Making Sense of Secondary Science; New York; Routledge, (pp. 98-103).
(2) Hapkiewicz, A. (1999). Naïve Ideas in Earth Science.   MSTA Journal, 44(2) (Fallí99), pp.26-30.  http://www.msta-mich.org.
(3) http://www.pausd.palo-alto.ca.us/k6science/water/water.html

	Benchmark 5: Explain the behavior of water in the atmosphere. (SCI.V.3.MS.3) 

	Goal Conception: Water moves through the atmosphere in a pattern called the water cycle. As it moves through the atmosphere, water changes states from a solid to a liquid, from a liquid to a gas, from gas to liquid, from a liquid to a solid.  Water can also change from solid to gas and gas to solid.


	Naïve Conception:

(1) Students' ideas about conservation of matter, phase changes, clouds, and rain are interrelated and contribute to understanding the water cycle.  (2) Clouds are created when the vapor becomes cold.  (3) Students can understand rainfall in terms of gravity in middle school but not the mechanism of condensation, which is not understood until early high school. (4) The rain falls when water drops become big and heavy.  (5) Rain comes from holes in clouds.  (6) Rains comes from clouds' sweating. (7) Rain falls from funnels in the clouds.  (8) Rain occurs when clouds are shaken.  (9) God and angles cause thunder and lightning. (10) Clouds move because we move. (11) Clouds come from somewhere above the sky. (12) Empty clouds are refilled by the sea.  (13) Clouds are formed by vapors from kettles. (14) The sun boils the sea to create water vapor.  (15) Clouds are made of cotton, wool, or smoke.  (16) Clouds are bags of water. (17) Clouds are made of smoke. (18) Humid air is ‘Heavier’ than dry air. (19) Rain water should be neutral in pH. (20) Rain falls from clouds when they collide and split open. (21) Rain falls when clouds get cold.

Sources: 

(1) Project 2061: Science Literacy Benchmarks, 1993; http://www.project2061.org/tools/benchol/bolframe.htm
(2) Driver, R. et al, (1994), Making Sense of Secondary Science; New York; Routledge, (pp. 98-103)

(3) Phillips, W.C.  1991, Earth Science Misconceptions, Science Teacher; Feb'91, (pp. 21-23)

(4) Hapkiewicz, A. (1999). Naïve Ideas in Earth Science.   MSTA Journal, 44(2) (Fallí99), pp.26-30.  http://www.msta-mich.org. 

	Benchmark 6: Describe common physical changes in matter: 
· evaporation 

· condensation 

· thermal expansion 

· contraction 

(SCI.IV.2.MS.1)
	Goal Conception: Mass remains constant in a physical change in closed systems. The amount of matter (stuff) remains the same; only the distance between the particles and the motion of the particles change.
	Naïve Conception:

(1) Younger children tend to think that there is a loss of mass when ice changes to water.  (2) Temperature of boiling water would continue to rise beyond 1000 C if water continues to be heated or if the temperature of the stove is increased. (3) Freezing does not take place at a specific temperature. (4) Particles of water become more packed together when water freezes into ice. Consequently ice doesn’t take as much room as when it’s liquid. (5) When water is boiling vapor (made of water) comes from it resulting in a decrease in the quantity of the water. However, when a solid object, such as a wet saucer, dries, then water just disappears or else it penetrates exist. (6) When water evaporates it immediately goes up to the clouds or into the sun (7) Water vapor is held or soaked up by the air. (8) When water evaporates, it just disappears and ceases to exist.  (9) Condensation of water happens when the ‘coldness’ changes into water or ‘cold’ causes Hydrogen and Oxygen in the air to combine and form water. the solid object.

Sources:

1. Driver, R. et al, (1994), Making Sense of Secondary Science; New York; Routledge, (pp. 98-103).
2. NASA’s LEARN Project. (http://www.nasalearn.org/teacher_support_alerts_misconceps_earthsci.htm)          


End Note:

The following are two excerpts from student essays and exams on science – too good to made up …:

1.Water is composed of two gins, Oxygin and Hydrogin. Oxygin is pure gin. Hydrogin is gin and water.

2. H2O is hot water, and CO2 is cold water.

Source: http://www.jlittlewood.com/discuss/humour/science.htm
Web resources on student alternative conceptions:

1. Science Hobbyist Misconceptions Page: http://www.amasci.com/miscon/opphys.html
2. Earth Science Misconceptions: http://k12s.phast.umass.edu/~nasa/misconceptions.html
3. Children’s Ideas in Science: http://www.pitt.edu/~vtalsma/syllabi/2943/handouts/misconcept.html
4. Alerts to Student Difficulties and Alternative Conceptions: http://nasalearn.org/teacher_support_alerts.htm
5. Project 2061 Benchmarks (1993) research Base: http://www.project2061.org/tools/benchol/ch15/ch15.htm#ResearchBase
6. Bad Science: http://www.ems.psu.edu/~fraser/BadScience.html
7. “Science Myths” in K-6 Textbooks and Popular Culture: http://amasci.com/miscon.html
8. Five Major Misconceptions about Evolution: http://talkorigins.org/faqs/faq-misconceptions.html
9. Students Naïve Conceptions in Life Science: http://web.archive.org/web/20001019004741/http://gamstcweb.gisd.k12.mi.us/msta/journal.spring99/naive_concepts.html
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