Organization

Is There Water on Mars? An Educator’s Guide With Activities for Physical and Earth and Space Science

How Is This Module Organized?

This module is written as an educator guide. This approach makes it possible to give it a conceptual and pedagogical struc-
ture while still providing educators the flexibility to tailor the activities to the needs of their classes. The educator guide
prepares educators to conduct classes around core questions, and it outlines investigations that explore those questions.
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Our day-to-day experiences give us a decidedly limited
understanding of boiling, To better understand boling,
students need 1o experience the existence of the phase
chenge platzau (Figure 1.2).
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I this activity, it s important to understand how liauids
change into vapor (Figure 1.1). Molecules remain n the
liquid phese until they gain sufficient Kinetic_ energy
(vibrational_ motion) to overcome the forces keeping
them together. These forces include the attraction
between molecules and the air pressure above the liuid,
Adding heat 10 a liquid s an easy way to increase the
Kinetic energy of itsparticls. At some particular temper-
ature, the particles will have become energetc enough to
disasociate themselvesfrom their neighbors and becorme.
avepor. This s called the boiling poit.

At the boiling point, any heat added to the liquid is
absorbed by the molecules and the liquid changes to the
vapor phase. Because these molecules escape ito the ir
and carry away this extra heat, the temperature of the
liquid never ises beyond the boiling point. In a graph
showing the temperature history of some heating wiater
(Figure 1.2, the boiling point graphs as & plateau.
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being added. This phenomenon is nonintuitive and, as
aresult, is a source of misconceptions. What people for-

additional energy being provided by the heat sourtce. If
you add more heat by turning up the burner, allyou will
dois speed up how quickly the water boils away rather
then increase the water's temperature. See the pedagogy
overview at the beginning of the module for 2 discussion
of the different ways to use the activty’ preasessment
questions to identify and alter students misconceptions
surrounding this topic.

Subsequent activities will show that boiling occurs at all
sorts of different temperatures. This fact makes the lig-
Uid-vapor transition plateau extremely important
Because temperature is an unrelizble indicator of boil-
ing, the existence of a plateau is an important way to
confirm whether you have boiling. When the whole
class graphsits temperature data and discovers the (sur-
prising) existence of a plateau, they are more ready to
discuss boiling and conceptualize what the boiling tem-
perature actually means
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Learning Activities

Clear, detailed activity procedures
(with reproducible student sheets,
when required) facilitate planning
and classroom implementation.

~Background
Thorough, easy-to-understand
background information enables
you to understand the key con-
cepts in an activity.

Activity 1

h Actiitsfor hysicl and Eart 5o

Preassessment
L/ (9 stucents Take a Posion and Become Aviare of Their Preconceptions: Ack students how hot they could heat water given
unimite time and hetin equipment

(6) Students Expose Their Beliefs: Have each student write down his o her prediction, sign his or her name, and hand it
in to the teacher.

Procedure to Test Students’ Preconceived Ideas
1. Present the problem, “How hot can you heat water” and s a class discuss how to control variables such as the
amount of water, the number of burners, the height of the rings, etc.

Consder using 100-150 milllitesof water because it (s ey to measure; (5)comes to  boil in 5-8 minutes (0 coes
ot boil awey during a lss priod; (6)coes not make o big & mess f plld (&) will ot burn s bl s arger amounts
of wate i spilld on th skin and (1) il cove the thermomete bulb. Make sure o ead the saety noteson page 5 before
beginning the actviy

2. Have student teams set up the equipment fo the actviy (Figure 1.3

« Messurethe agreec-upon amount of water

~ If using Bunsen or alcohol burners, adjust the lower ring to fit the burner properly and set a wire gauze on the
lower ring

« Place the beaker or flask containing the water on the wire gauze or on the hot plate (turned off)

+ Attach the thermometer above th beaker with a clamp or string

+ Adjust the thermometer so that the thermormeter bulb is completely subrmerged and just above the bottom of the
beaker (S0 it can measure the water temperature rather than the temperature of the glass, it should not touch the
botiom of the besker )

3. Have students take the starting water temperature,

“Teams of two students work il because there sltle opportunity for off-task behavior when each student i otally engaged
monitoring the time and temperature.

4. After you check each groupss setup, have stu-
dents either light their burners or switch on a »
their hot plates

5. Using a stiring rod (not the thermometer), have
students st and record the water temperature
every 15 seconds.

Hitting a temperature plateau is a surprise that
challenges students intuition. Thus, th activity
becomes  rich experience upon which to chalenge
old iceas and to develop new understandings. At
some point between 97 and 105 degres Cekius
(depending on the weather and your elevation),
students find that the temperature no_ longer
changes. The crucial element is the discovey that,
although the burner still puts in heat, the temper-
ature sops rising. DO ot let o that this s the
result students are meant to achieve
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How Is This Module Organized?

Teaching Pointers

To assist you in conducting |——_]

hands-on, inquiry-based activi-
ties, you will find pointers, class-
room management strategies,

Organization

Is There Water on Mars? An Educator’s Guide With Activities for Physical and Earth and Space Science

Preassessment
(&) Students Take a Poition and Become Aware of Their Presonceptions: Ask students how hot they could heat water given
unlimited time and heating equipment,

(B) Students Expase Their Belefs: Have each student write down his or her prediction, sign his or her name, and hand it
into the teacher

[ Procedure to Test Students’ Preconceived Ideas

Present the problem, “How hot can you heat water?” and as a class discuss how to control variables such s the
amount of water, the number of burners, the height of the rings, etc

(Consider using 100-150 milliters of water because it (2) i asy to measure; (b) comes o a bol in 5-8 minute; (c) does
ot boil away during a clas period; (d) does not make too big amess f silld (€) il not burn as badly s arger amounts
of water ifsilled on the skin; and (f) will covr the thermormeter bulb, Make sue to read the safety notes on page 5 before
beginning the activiy

discussion suggestions, exten- 7 et et ey (e 1)

« If using Bunsen or alcohol burners, adjust the lower ring to fit the burner properly and set a wire gauze on the

sions, and answers to the ques- e e ki ot o i g s ot s (s fy
- « Attach the thermometer above the beaker with a clamp or string
tions presented throughout the

+ Adjustthe thermormeter 5o that the thermormeter bulbis completely submerged and just bove the bottom of the
beaker (So it can measure the water temperature rather than the temperature of the glass, it should not touch the
odule bottom of the beaker)

Have students take the stating water temperature.

/

becae fo off-task behavior

. istotally engaged
menitoring the time and tamperature.

Assessment Suggestions 7
This module outlines several
options for assessing students,

including preassessment ques- S

tions, question sets, case studies, e e B s 0 g i !
and suggestions for alternate St .t e e e o
ways of exhibiting student

understanding.

After you check each groupss etup, have stu-
dents either light their burners or switch on a »
their hot pates,

Using asirfing rod (not the thermometer), have
students stir and record the water temperature
every 15 seconds.

Hitting a temperature plateau s a surprise that

changes, The crucial element is the discovery that,
although the burner still puts in heat, the temper-
ature stops rising. Do not let on that this s the
esult students are meantyo achieve,

Fiure 13 Aty L0 with () aburer

()t e
619912121 HQ 3

. Y

o Technology and Internet
Recommendations

Computers and the Web can give

MARS PATHFINDER LANDER
_Temperature at 0.25 meters height

2’“‘[” _— YRR students access to a rich set of
g ol "“‘" HHT iR support materials. The module
§ ot [0 (IEITE] AR HRI lists pertinent  Web sites,
St AR Rl CD-ROM’, and videos and
Bl LR A A how to get actual Martian data

p AT VT Wi and images. However, this mod-

ule does not require the use of
any classroom technology.
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L Case Study
Each activity in this module provides

2 I

- il i some of the information needed to

g il ' [ answer the question: Is there water on
T Mars? In Activity 6, students take a posi-
B tion on this question and apply and

integrate the module’s concepts. This
synthesis can be used as an assessment.
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