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" An Open-Ended Laboratory

For College Physics Students

We have been investigating a new formalt for laboratories in an
introductory physics course for engineers at the University of Mass-
achusetts., In the laboratery experience discussed here, our basic
alm has been Lo have students grapple with ideas of foree, displace~
ment, velocity, acceleration, mass and momentum. These concephts are
logieally tied together in the system of Newbtonian mechanics for the
physicist, but for the beginning student, they are unfamiliar and in
gome cases counterintuitive. We have tried to degign a laboratory
experience where students can discuss and explore the use of these
concepbts with concrete objects. At the same time we have tried to
maks the assignments open-ended, to encourage students to begin
asking questions on their own.

Students were given a cholce of 3 different sets of appsratus
to work with: a ring stand and string with weights to hang on it
Lo form a simple pendulum; & flexible plastic track, 5" long, down
which one could slide coing when one end of the track was elevated on
a support; and a metal cart which could be loaded with weights and
which could he launched Trom an elastic band attsched 1o the table.

Students were encouraged o work with s partner, and were given
the list of guestions helow. They were required to answer guestions
1 apd 2 and to turn in a written report on their findings. They
were not required to answer all of the questions, but were encouraged
to pursue obther questions which interested them in any order or fo
purate guestions of their own.



Physics 190
Laboratory

Investigating Quaiitative Physies

Answer questions 1 and 2 and any others that interest you.
Motice your option in question 4! Questions in Group IT tend to be
more difficult.

Group T
1) List factors you changed in an experiment and say whether

2) Draw a picture of the motion — show where the moving
object is at a maximum speed; and where it is at a minimum
speed.

3) Draw a graph ({approximate) of speed vs. distance or speed
vs., Lime.

i) Ask a question of your own about the system and try to
answer it (do an experiment if necessary).

5) Draw a picture showing the direction of forces acting on
the apparatus -— if you use "force arrows", make long
arrows for stronger forces, and short arrows for weaker forces.

Group IT

6) Draw a picture of the motion and several velocity vectors
for the moving object at different points along the path
of motion.

T) Draw vectors for the horizontal and vertical components of
veloclity in your pleture of the motion.

8) Describe how the moving cbject accelerates {(one or two
sentences. )

9} Draw an approximate graph of acceleration vs. distance or
acceleration vs. time.

10} Deseribe intuitively how you think inertia or momentum
might play a role in the motion. (1 to 3 sentences). (If
they change during the motion, you might try to graph them.)

Important: It is not necessary to make numerical measurements (although

or not they make a difference in what heppens. Where ,
changing a factor makes a difference, say whether it in-
ereases or decreases the magnitude of what happens.

you may if you like). 1In this laboratory we are more interested in the
general shaepes of the graphs and in conclusions like: 'the more weight
we add, the further it goes:;" or, "acceleration 1s at a maximum when the

speed is zero.
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The Instructor's Role

In practice, students seemed to spend much of their time following
their own path of inquiry rather than answering questions from the list
1M vrder. During the lab the instructor:

1) helped students find equipment they needed;

2) asked individual groups to verbally describe what they were
doing; (this often had the effect of causing students' ideas to
become more precise).

3) 1listened to discussions and observed experiments; {a major part
of the instructor's work consisted of trying to understand
typical non-Newtonian views of students).

k) encouraged students who were asking questions of their own,
designing experiments tc test conjectures, or discussing dif-
ferences in point of view;

5) proposed related thought experiments (ie., "what would happen
if there were no friction?" ; "Is this like an automobille
accelerating?") :

6} verbally labeled heuristic strategies students used ("When you
think about sliding the coin on a vertical track that's called
thinking about an extreme cese''; "when you changed weights on
the pendulum keeping the length and initial displacement constant,
that's called controlling varisbles")

7) Communicated conjectures between groups - "Some people argue
that the maximum speed of the quarter is reached Just as you
release it on the track, because that's where it's the highest

.above the table -- others say it's on the horizontal run-off
section because the speed takes a while to "build up" -~ others
say it's scmewhere else -- what do you think?")

8} encouraged students to make predictions;

9} Provided a standard label for a concept that a student used
when 1t was perceived that the student's concept was probably
a Newtonian one ("When you say 'A sharp increase in speed', the
physicists says, 'The accelerstion is large there'.")

10) answered students' questions about the Newtonian definitions
for the various cochcepts;

11} it was found that the instructor tended to underestimate what
students could learn on thelir own.

The instructor found it necessary to make a conseious effort to not
spend time giving extended explanations of the "correct" point of view.
Rather he found it most effective to circulate and spend less then two
minutes at a time with each pair of students, returning to each pair
several times during the lab pericd. The instructor provided information
to students when they asked for it, but the role with the greatest payoff
was seen to be that of stimulating and extending student-student and student-
epparatus interactions. Thug for example, the instructor would often ask
a pair what they had found, suggest a related question, and then move
on to another group without walting to work through to the answer with them,



Transcript Exerpts

The fellowing sre some sample {condensed) conversations between
students and the instructor in the lsb:

Cl) Two students are trying to decide where the cart launched

VTHSS
1) I)
2) 81)
3) 82)
L) 81
5) I)
6) 82)
) I)
8) 81)
9) I)
10) S2)

11)

12)

13)

across the table from the elastic band reaches 1it's meximum
speed. One of them accepts the idea that the speed will be at
a maximum at the moment of release where the hand is pulling
hardest, the other argues that the speed will continue to in-
crease gfter release as long as the band is still stretched:

(640)

And why do you think the band being stretched means thit it,

-the speed of the cart, was still increasing --

The minute it, the cart, is gone from the rubber band — I
think that's the maximur speed -- it is meking force on the
cart until it's slack.

That's like =-— B baseball ~- 'cause you throw the ball, right,
and it picks up all the speed as soon as you leave with your
hand -- ag soon 85 you release it.

A bullet reaches it's maximum speed as soon as it leaves the
cennon, right?

(Nods) I's at & maximum right, whem it comes out.

Same thing as this (the cart) —- it's at a maximum right when
it comes out.

Other people say it, maximum speed, is where it (the band) is
stretched the most.

It's zero there.
Some say it's the maximum.

I gee it ~= I see it.

(Instructor leaves)

82)

81)

s2)

It's maximum st this point (near the release point) right when
it starts.

You think so -- I don't know,.
Because.there's no more forece to it -- everything is opposite
now -- ag soon as yoy let it off -- grevity and a, friction and

everything else.



1)
15)
16)

81) Yeah, but how about here? (holds car with band half stretched)
S2} I got an idea -~ it's like the pendulum!
They spend some time looking for maximum speed in their notes on

the pendulum, but decide that it won't answer the question about
the cart.

{ Instructor returns)

17)

18}

19)
20)
21)
22)

23)

2k}
25}
26)
27}
28)
29)
30}
31)
32)

33)

34}

35)

S§1) I think from here {holds cart so band is fully stretched) to
here (band slack) it inereases -- and then it starts decreasing.

82) 8o you're saying -- once the elastic has been stretched and
then released is when it stops, right?

I) You mean the car stopsg?

S1) No, it gains to there --

82} TNo the force —— there's no longer any horsepower.
81} It -- stops gaining speed.

S2) Yeeh, that's what -- it stops gaining speed -- that's what
you're trying to say I think,

I} Ancther way to say that is it stops accelersting.

S2) That's what -- it stops accelerating.

S1} Thenit starts - -

S2) 1It's still accelerating though, isn't 117

I} You mean down here? (Where cart slows down)

51) Minus acceleration --

S2} Minus acceleration -- you know what I mean?

I} Ahe! Ok., good point -- is that like something else?
S1) Let's see —- say

S2) It's like going 60 miles an hour — all of a sudden you hit --
you know, slow —— get off the gas.

I} You must have been talking about acceleration because you
couldn't do this last week --

81 + S2) Yeah. ({laughs).



¢2) {About the Leunched Cart)

1) I) Find out anything yet?

2) 51} I was trying to measure, like when you stretch the band —=- how
far it goes.

3} I} Can you make a graph of stretch (of the band) vs. how far it goes?
4} 81} It's not a rule; 1ike, the more you stretch, the more power

you get —— right here (small stretch} there's no power at all

-- up here {large stretch) it's more than double.

5} I) Could you draw & rough graph of that?

(Instructor leaves)

¢3) (About Penny on Track} H 1624 (200}

1} I} Find out anything?

2}  S6) The meximum {speed) is right about here -— before the level

(part of the track)} -- and the minimum point.
(refering to graph he is drawing of speed vs. distance) would
be, I'd say somewhere right before it stops -- it gets slower
ti11 it stops. And right here,

3) I think it gets —- '

It goes == it picks

up speed faster than Y

it loses speed (refer-

ring  to graph he

is drawing of speed Bt L
vs. distance). =

4} I) S0 -~ it climbs faster than it drops

5) 86) Yeah —— the way it looked -- all of a sudden it was fast and
then right here (level part of track} it just slowed down.

ch) (About the Launched Cart) B 16 o ( 50}

1} 83} (asks instructor) What happens if you increase weight =-- the
momentum is greater? Llke a blgger truck has a greater momentum
than smaller vehicles -- like goling down & hill maybe —- same

amount of force?

2} I) OK., this is good —— now do you think about what happens to
the momentum?



53)

QK.,, —- it picks up, accelerating on the flat surface and the
momentum it would have -- is by thrust, force caused from the
elastie -- Let's say you added more weight to the carts —— and
the same amount of force -- the momentum would be greater --

but would the cart go further?

Good question! I think I follow your thinking on that -- if
there's more weights -- it should have more momentum and what
would that do? That might cause it to go further, wouldn't it?

I'm gonha try it out and see what happens; use a smaller amount,

Well, we're Just starting out trying to set up control factors
like, you know, how far this way and that way (to start it from),
and then we're gonna add more weight and change the length, —-

The angle at which it started (would be another factor).

I think they're all gonna make some kinda difference,

If you have more weight (starting it on the left) it will swing
at a bigger angle (on the right) —- go up higher (on the right
-- as you add weight, (starting it on the left) it'1ll go up
higher (the height it rises to on the right) keeping everything

And will (starting the weight from a higher point) make & dif-

Ly 1)
5} 83}
greater amount
C5) (Two Students Working on Fendulum) H 16 & (93)
1) I) Finding out anything?
2) sk}
that kinda stuff and see how it changes.
3) 85)
4} 1) Whet would you predict?
5)  Sh)
6} 85)
else the same.
7) I} What about length?
8) 84) If you change it, it'1ll go faster -- shorten it.
9) I)
ference in how long it tekes?
10)  sh)

T guess it's gonna take longer for it to get all the way back
over there and come back here — more distance.

(instructor leaves and returna 5 minutes later)

11)

12}

I)

sk)

Did anything come true?

(Concerned tone) The weights really don't make =sny difference
{in how high the pendulum rises on the side opposite the release
point }.



Digtinctive Features of This Laboratory Format

Several features that made this laboratory unusual in contrast to
traditional physics laboratories are:

1) The collection of quantitative data was not emphasized. Students were
agked to describe how certain variables changed and to graph relation-
ships between these changes. But they were asked to strive for gqual-
itative accuracy rather than quaentitative accuracy. Students who
wished to look for quantitative relationships were able to do so on
their own. In this early stage of the course we felt that the de-
emphasis on measurement a&llowed students to focus on understanding
the new concepts and the causal relaticnships between factors in the
experiment, rather than on whether their data fit some particular
formula from the texthook.

2) Students were given a choice of equipment to use on the theory that
this might increase the level of their investment and involvement in
the lab.

3) Students were given a choice of questions to work on (beyond the
first two) so that: a) students could become more involved by fol-
lowing their own interests; b) the lab was individualized in that
more advanced students could choose more difficult gquestions.

4) The lab was open-ended in that students could "branch out" and in-
vestigate questions of their own, or invent experiments of their own.
We were encouraged that a good number of students took edvantage of
these options, and that we hegan to see students proposing a greater
number of "thought experiments” both inside and outside of the 1ab.

5) The apparatus used was extremely simple.
6) There were no specific directions given as to what experiments to do.

7) The lab was a valuable learning experience for the instructor be-
cause it gave him the change to circulate and talk to cone or two
students at a time as they werc involved in describing the motion of
a concrete system. This provided him with an opportunity to observe
students’ initial concepts of moticn and to increase his under-
standing of typical discrepancies between Newtonian and intuitive
points of wview.



