After choosing a value for mass, students could altitude of varying the payload masses. (Although
choose to make a prediction. Figure 1-13 displays more might have been learned by requiring students
the four possible options. By comparing the current to key-enter predictions and interim hypotheses
experiment to the previous one, the options were about the relationship between mass and balloon alti-
intended to encourage students to think in terms of tude, limited assessment time discouraged this more
patterns of results: in this case, the impact on balloon in-depth approach.)

Figure 1-13. Computer screen with the prediction options in TRE Simulation scenario problem 1, grade 8: 2003

57 minutes

Which of the following will likely happen to the balloon?

QO 1 think the balloon will rise to a lower altitude
than in my last experiment.

QO I think the balloon will rise to a higher altitude
than in my last experiment.

QO I think the balloon will rise to the same altitude
as in my last experiment .

O Idon't know.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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To help interpret data, students could make a by choosing less relevant or incorrect variables for
graph, a table, or both. Clicking on the Make Graph either graph axis; this design allowed an opportunity
button opened a dialog box that asked students to to determine whether students created interpretive
select a variable for the vertical axis (see figure 1-14) tools related to the problem they were supposed to
and then, in a subsequent box, for the horizontal be solving.

axis. Note that students had leeway to get into trouble

Figure 1-14. Computer screen with dialog box for creating a graph in TRE Simulation scenario problem 1, grade 8: 2003

56 minutes

s - Make groph

O allilude
O balloon volume
O time to final altitude

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

18 Problem Solving in Technology-Rich Environments



Similarly, students could construct a table by would be limited to the dependent and independent
choosing from the variables tracked in the instru- variables necessary to solve the problem—altitude
ment panel. The resulting displays may, therefore, and mass. For each subsequent experiment that
have contained relevant information, some relevant students chose to conduct, a line of data was added
and some irrelevant information, or only irrelevant to the table automatically. Students could sort the
information. If, for example, a student chose to table on any variable by clicking on the appropriate
include all five variables, the table would appear as column heading.

in figure 1-15. A more helpful table for problem 1

Figure 1-15. Computer screen with a table of results for one experiment conducted in TRE Simulation scenario problem 1,
grade 8: 2003

RO I How do different payload masses affect the
; altitude of a helium balloon?

Table
To sort, click on column.

Payluad Mas (be3|funvunt of Helium | Ballovn Velume | Time to Final Allibude (L)
(audt) (outt) Alfitude (min)

40 2275 007 aw 25245

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Note that the relationship to be discovered in result from creating a graph with the relevant vari-
problem 1 was a virtually linear, negative one: as ables and experiments with a sufficient range
mass increases, the altitude the balloon can achieve of masses.5

decreases. Figure 1-16 shows the display that would

Figure 1-16. Computer screen with a graph of the relationship between altitude and mass in TRE Simulation scenario
motivating problem 1, grade 8: 2003

22 minutes

final altitude
(feet)

40,000 —
35,000 —
30,000 —
25,000
20,000
15,000
10,000 —
5,000 —

0 e
0 30 40 50 60 70 80 90 100 110

payload mass
pounds)

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

6 Students in the TRE study could have used non-technological alternatives like paper-and-pencil in place of creating an electronic table or
graph. The extent to which such alternatives were used could not be determined.
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When ready, students could click on the Draw support the answer with experimental observations.
Conclusions button to bring up a text-entry box, as Before completing the response, students could
shown in figure 1-17. This box called for students to choose to revisit an existing table or graph, construct
construct a response to the problem about the rela- new tables or graphs, or conduct more experiments.

tionship between payload mass and altitude and to

Figure 1-17. Computer screen with the box for answering the TRE Simulation scenario motivating problem 1, grade 8: 2003

e irae Hw do different payload masses affect the
] altitude of a helium balloon?

Question 1 | ['munonz |

Hmduﬂhmﬂlpmbadmaﬂhﬂﬂnn!ﬂdada
‘halium halloon'? Support your answer with what you saw
when you experimented.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Having completed their written responses, students measure for those individuals unable to express
were required to respond to a multiple-choice ques- adequately their understanding of the mass-altitude
tion (see figure 1-18), which provided an alternative relationship in writing.

Figure 1-18. Computer screen with the multiple-choice question concluding TRE Simulation scenario problem 1, grade 8: 2003

S ' How do different payload masses affect the
altitude of a helium balloon?

Cuesion | [ Questionz |
Based on your exp which most accurately

and completely describes how different payload masses affect
balloon altitude?

) The less the payload mass, the lower the altitude
reached by the balloon.

The greater the payload mass, the lower the altitude
reached by the balloon.

Changing the payload mass does not change balloon
allitude.

Increasing payload mass increases balloon volume
and therefore balloon altitude.

The greater the payioad mass, the greater the altitude
reached by the balloon for any amount of helium.

The less the payload mass, the greater the altitude
reached by the balloon for any amount of helium.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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The second Simulation problem asked students to critical amount of helium was achieved, the balloon
determine the relationship between the amount of would rise to a maximum altitude, then go no higher
helium put in the balloon and the altitude that the regardless of how much more helium was put into it.
balloon could reach. This time, the payload mass the To recognize the relationship, students had to choose
balloon carried was fixed. Problem 2 was conceptu- a sufficient number and range of values and not draw
ally more difficult because the relationship students conclusions prematurely; a premature conclusion
had to discover was not linear. Rather, the relation- would lead them to assume falsely either that the
ship took the form of a step function. That is, until amount of helium did not matter, or that the balloon
a critical amount of helium was put in the balloon, would continue to rise higher as it was filled with
the balloon did not leave the ground; once that more helium. Figure 1-19 displays what the graph

Figure 1-19. Computer screen with a graph of the relationship between altitude and amount of helium in TRE Simulation
scenario problem 2, grade 8: 2003

How do different amounts of helium affect the
balloon's altitude?

31 minutes

final allitude
(feet)

40,000 —
35,000 -
30,000
25,000 —
20,000

15,000

10,000 -
5,000 - : . ’

O T T T
1,000 2,000 3,000 4,000 5,000

amount of helium
(cubic feet)

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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looked like with the relevant variables and sufficient asked to answer after they entered the constructed
experiments to reveal the step function. Figure 1-20 response to problem 2.
shows the multiple-choice question that students were

Figure 1-20. Computer screen with multiple-choice question on the relationship between altitude and amount of helium in TRE
Simulation scenario problem 2, grade 8: 2003

Based on your exp which it mast accurately
and completely describes how different amounts of helium
affect balloon altitude?

) Theless the payload mass, the greater the altitude
reached by the balloon.

The grealer the amount of helium in the balloon, the
greater the altitude reached by the balloon.

o

¢ Changing the amount of helium in the balloon changes
balloon volume bul does not affect balloon allilude.

O

Changing the amount of hellum does not affect altitude
until there is enough helium in the balioon to lift the:
payload mass, atter which the more helium placed inside
the balloon the higher the balleon rises.

Changing the amount of helium does not affect altitude
until there is enough helium in the balloon to lift the
payload mass, after which the balloon rises 1o a
maximum allilude and no higher.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Problem 3, the final Simulation problem, was the but they also had to control for one independent
most conceptually complex, as it required students variable while manipulating the other. To limit the
to discover how payload mass and amount of helium complexity of the problem, the number of masses
worked together to determine the altitude that the students could vary was reduced to three, as shown in
balloon could reach. Thus, students not only had to figure 1-21.

think about which experiments to run and how many,

Figure 1-21. Computer screen with the dialog box menu of choices for the independent variables in TRE Simulation scenario
problem 3, grade 8: 2003

amount of helium and ;
mmmmmmamm balloon?

29 minutes

iment - Cha.

Chooss a payload mass: Choose an amount of helium
Choose a payload mass: bekoonyokime) o :
O 101be. O tweun O 1.875cul.

O 800cuft. O 2,400 cuft.

O 50 Ibs. O 910cuft. O 2616cuft

O 975cuft. O 2,800 cuft.

O 110 Ibs. O 1.700cuft. O 3.083cufl.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Problem Solving in Technology-Rich Environments 25



In problem 3, students had to discover a nonlinear correct data display and had run a sufficient number
relationship that took the form of a series of step func-  of experiments to reveal all three functions. Note
tions, one for each mass. Figure 1-22 displays what the that the maximum altitude for each step function
graph looked like if a student had constructed the decreased as payload mass increased.

Figure 1-22. Computer screen with graph of the relationship of altitude with mass and amount of helium in TRE Simulation
scenario problem 3, grade 8: 2003

55 minutes

final altitude Payioad mass

(feet) 50 lbs. =
40,000 — 110105, *

35,000
30,000 —
25,000 —
20,000 —
15,000
10,000

5,000 -

o

el —o— 11—
1.000 2.000 3.000 4,000

amount of helium
(cubic feet)

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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After entering a constructed response describ- intended to probe the same relationship. The ques-
ing the relationship they discovered, the students tion is shown in figure 1-23.
were asked to respond to a multiple-choice question

Figure 1-23. Computer screen with multiple-choice question on the relationship of altitude with mass and amount of helium in
TRE Simulation scenario problem 3, grade 8: 2003

Gt | [[Questionz |

Based un your experi which mgst dy and
completely describes how different amounts of payload mass and helium
together affect balloon altitude?

() Theless the payluad mass, he grealer the altilude ieached by
the balloon for any amount of helium,

The greater the amount of helium in the balloon, the greater the
altitude reached by the halloon for all payload masses.

The greater the amount of helium in the balloon, the greater the
altitude reached by the balloon up to a maximum altitude for all
payload masses.

The less the payluad mass, the more bedium teguired tw lift the
mass, and the lower the maximum altitude reached by the
balloon.

After enough helium is In the balloon to lift the payload mass, the
balloon risee to a maximum altitude and no higher, and that
maximum altitude is lower the heavier the payload mass,

After enough helium is in the balloon 1o lift the payload mass, the
balleon rises to a maximum altitude and no higher, and that
maximum altitude ig higher the heavier the payload mass.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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When students finished problem 3, they were
asked to respond to several multiple-choice questions
to see how well they grasped the physics behind the
overall Simulation scenario. One of the questions is
shown in figure 1-24; the oval next to the correct an-
swer is shaded. To respond to this question, students
needed to have grasped that, short of increasing the
size of the balloon, the only way to get the balloon to
achieve a higher altitude would be to attach a pay-
load mass smaller than any of the masses available to
students in the simulation.

After completing these synthesizing questions,
students could read an explanation of the physics be-
hind helium balloons, but they could not re-enter the
simulation. The explanation was included because
the TRE project team believed it was important that
students leave the scenario with an accurate descrip-
tion of the science underlying the problems they had
addressed. Finally, students responded to background
questionnaires, as they had done at the conclusion of
the Search scenario.

Figure 1-24. Computer screen with one of the multiple-choice questions concluding the TRE Simulation scenario, grade 8:

2003

53 minutes

10000 |

Question 1 || Question 2 | | wona|

2. How could you get the balloon you used in your experimenis
tv gu higher than 36.211 leel?

 Put 3,083 cubic feet of helium inside the
balloon with a 10 Ib. payload mass.

Put less than 2,275 cubic feet of helium
inside the balloon with a 10 Ib. paylvad mass.

O

(O Use a payload greater than 110 Ib. with
3,083 cu. ft. of helium inside the balloon.

L

Use a payload less than 10 Ib. with
3,083 cu. fi. of helium inside the balloon.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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