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A Measure of Scientlfic Reasonlng: The Springs Task
(Details for Construction, Administration, and‘Scoring)

L]

"As described In Linn and Rlce (Journal of fducational Heasurement), the
Springs Task measures ability to criticize and control experiments, name-. .
variables, ond analyze results. Thls appendix gives details for constructlon
of the apparatus, admlnls}ration of the interview, and. scoring.

Congtructlon of the Apparatus

As shown in Figure 1, the apparatus consists of a wooden frame, B.Sprrngs,
2 stinkys, 6 fishing weights. 10 Cup hooks , and 2 wooden cyllnders.

To construct the wooden frame four pieces of 1'* x 2 strlps’of wood are
nai led together to form a-rectangld AL hlqh’hy 18" long. ‘A piece of oak tag
is tacked to the outer edge to form a backdrop for the apparatus. Elght,small

. cup hooks are screwed/into the underside of the top piece of wood to hold the

spripgs. A 3" piece of 1" x 2" strip with two cup hooks is attached to the top
left side of the frame with a hinge. - .

4
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The.UﬁPghts. Six flat flshing welghts, two each of 2 oz., 4 oz,, and 8 oz.,
are needed for questions .l through 4. For question 5, two wooden cylinders 1"
in diameter by 2'' high are needed. Both cylinders have eye hdoks screwed into

¥ ‘the top .sc that they. may be hung from a spring. One cylinder is palnted orange. .
The other cylinder is drilled out in the center and a small piece of lead is
.Inserted in the hole to-mike it heaﬁier whlle keeping.it.the sane size as the
first cyllnder.‘ Th‘ weighted cyl:n er is *palnted bl .
The Springs. Springs can be custom made .by any spr#tgmaker as described in.
Tabie i. The top of the spring is finished with a closgd loop to hang from the
cup hook. ,The bottom has *an open loop to hang weights from, For Question 5,
a .regular Sllnky and a Junior Slinky are used. The sllnkys are cut so they are
19 he.ngnng length. P . .

) o

. Interview Procedure

. The questions to be asked\are given. in Figure 2, A detailed description

of the interview procedure foRlows. |In order to use the interview successfully,
an interviewer will pead to try the procedure with 2 to 5 pilot subjects.” In
generai, the interviewer will read al} questions on' the protocol and record each
response. . 0f course, the 4nterviewer must not supply,lnformatlon. Whenever a
respbnse is unclear, the inte'rwewar will choose appropriate probgs from the list.
given after the.question. It is important for the interviewer tc'be familiar
with the scoling standards in crder to be sure to' probe responses whith cannot
be scored. ° ¥

First, the 1nterviewer hangs the springs on the. hooks‘and places the weights’
.on ‘the wood strip below them. Then the-apparatus is arranged so.that the-subject
‘and interviewer can manipulate jt easily. . Both should face the frame,,lnterview£k\ :
_positioned so responses can be recorded with outside hand. The apparatus re= b
quired for each questnon is given bn the protocol in glgure ? and sumnanzed in
Table 2. .

. . P
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Questlion 1. MHake the subject at ease and -read the statement with Question 1,
Most suhivct% will start to hang weightes on springs and observe the resuylts. if
“the subject does not name some variables after a4 few minules, interviewer can
ask, *What things scem to make a difference?' Record any ideas subject has, if
subject mentians size of spring [t Is necessary to probe to see [ f length or
“dlameter i% meant {e.g., say, “Show me a small spring and o iarge spring™).
Subjects usually phrase vartables in the form "how thick e is, how lung it s M
etc., or “if it is thick, if it is ,t?ong " .

Question 2A. Most subjects will include weight in their iisi of variables.

In anys case, the experiment they do, not how Lhey answer-the questions s most

important. “After reading the first part of 2A, circle Yes or Mo+ Then ask,
""Do an experiment to find out whether weight makes a dl fference.' Circle the -
"springs and weights the subject uses. For exampic, if an 8 oz. weight is placed
"on spring 3 and a & oz. weight on spring 2, the experiment is recorded as shown

below. \ - ' -

1245678 - 2 4@

SPR, ' } - WTS

1@3b567.8 2@ .

‘After recording the experiment ask the subject, 'Wwhy did you do the experi-
* ment that way?"' I!f subject does not reply or says, "To show that weight makes:
a difference," use Probe 1. -
The only controlled experiment possible for question 2A uses one spring and -
‘two different weights. Many subJects search for two springs that appear to be
the same and may verbalize thlﬁ as they pull on the springs trying to find two
of comparable springiness. I|f the subiect does.this and states that no two are
alike, interwiewer may recognize the di.emma and ask, "If that is so, what can
you do about it?"' This helps some subjects to realize that they will have to
put two different weights on the same spring, but.it does pot.’give them any ®
information or indicate that the -interviewer agrees with the finding.'
Iﬁ the subject does a controlled experiment but can' t seem to give -a reason
 for i't, use Probe 1 to’ dlrcct his/her attention to the chouce of Spran§ and
weights. A B

e

| f the subject does an uncontrol léd experlment, use Probe 2 or 1 If the
subject says ''Yes'" to Probe 2 or "Helghts make a di fference" to."3, then ithe
interviewer shoud go on to question 2B.- if the subject says_"No" o Probe 2
or "Springs and weights matter'' to Probe 3, then ask Probe &, Record afy new
‘experiment and ask Probe 5, “Is it 'better to -use .One spring twice than two .
“springs once?"' After subject says ''Yes'' or 'MNo" ask Wby
Question 2B. °*Circle subiect's response of. “Yes" aor ”No " thén ask "hy 2" -
Many subjectc need to do the experiment before they canm answer the questuon._
While this is unpecessary and often indicates the subject is’ focusing on the
results of the experiment rather than the procedure, subject may be allowed to
carry out.the experiment before answering the question. An alternate procedure .
is for the interviewer to hang the weights on the spring and alrow subject to '

gbserve theuwresults. =~ . . L e < -

Questlon 3A. This questlon may be handled ifn the same way as 2A. A <controlled f}
experlment uses the same weight and elther springs 1 and 2 or- 7 and 8 ‘1f

| . ,
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subject does an uncontrolled experiment and answers Q! to proboes sudh as

""Dpes 1t matter that one spring Is long and one Is short?'N\go on to Quostion 3B,
HoRever, |f subject replins '"Yes" to two such probes. ask, "Iy there anothar way
to.do the experiment? How would you do' 1t?"' Then allow subjoct to' do a new
experiment and ask, '"ls thils a better way to tost for fatness? Why?"

’

ﬁgeotlon 2 v. It 18 handled as 28,

_ Questfon bA, Thls questlon may be handled in the same way as 2A, A con-
trolled experiment uses the same Welght and elther springs 2 and 3 or 5 and.7.
If subject ‘does an uncontrolled expefiment and answers ''No'' to probes such as
"Does it matter that one spring is long and one is short?', go on to Question
38. However, 1f subject repllcs ""Yes' to such probes,/ask "ls there a better

, way to do the experiment? How would you do it?" Then allow subject to do a
new experiment and.ask '"Why is that 9qtter?" -

"Questlon 4f, ted¥s handled as 28.°

Question 5. Remove short fat springs and tell subject, "Remember that in this
question you are an observer and will watch what happens In ‘the experiment,"
Then read question 5 as you hang up the slinky¥s. Hang the blue weight on the
small slinky and the orange weight on the large slinky as you say, "Erin de- ' .
cided to hang these two wooden weights from the springs. Watch what happened." =
Read A.  If subject reaches for the wooden weights before answering A-ask, ‘'Why
do 'You want to touch them?'' Many subjécts then reply, ‘'To see If they are the
same.'" Interviewer can then ask, llwould ft.matter if they weren't?" and record
the answer. The rest of question 5 is stralghtforward. Continue to askiques-
tions until subJect recognizes that the weights may not be the same. It is
important to Fecord when. the subject realized that. the weights could be unequal.

L

-

Scorlng Responses

L]
-

N . ' " -
gueition 1. The score is equal to the number of different variables named.
. - N . ‘ .‘
Quest"n ZA. ‘ [ ' -
points: SubJect does a controlled experiment and justifies by saying, "One
spring might be stronger "' ""You have td yse "the same sprlng to
show weight makes -a difference," ""To make it fair,” “YNo two springs

are the same," "Everything has to bé equal except the weight."

3 points: Subject does a controlled experiment and gives same answers as above
v " only after,a probe such as "ls it OK to use different- springs?' or
""Why only one spring?’'" Subject does a controlled expériment and says,'
" used different welghts and the same spring. :
2 points: Subject does a controlied experiment but repeats questions or fgcuses
: - on weights in justification:. '"To see which welght stretches it most,''
. _ - Y'Y used blggest and smallest weight," "It was a stretchy spring "
“2 points: Subject ‘does an uncontrolled experiment (uses two springs) but’
says the'sprlngs were s;mllar, then does.a controlled expdriment
" in'response to Probe 4 and. Justifies it by recognizing that _rg
two springs are the same in response to Probe 5. .

.




Subject uses 2 springs but justifies the experiment by saying,
"The springs have the sbdme springiness' or !'The $prings are al-
most the same.'" Subjoct does a controlled experimant In rosponse
to Probe b but can't answer Probd 5, or says 2 sprlngs are jJust
as good )

0 points: Wronhg. Subject uses one trial and says, "I doﬁ'g know,'' or
doesn't do an experimeat. | .

Question 2B. :
3 points: \'Yes, because he used the samc»sprlng and diffcrcnt waights "
"ch no two springs are the same." .
2 points: 'es, same spring."
| polnt: *Yes, used different weights,'

0 points: '"No; weights are close in size."

g tion 3A. For this queétion very few subjects choose springs 7.and 8,
ew more choose 1 and 2, but quite a few choose 4" and 7 whtch are con-

trolfed for everything except Iength. .
h points: ’Subject uses controlled experimeht (uses same weight on springs

7 and 8) and justifies by saying, “Everything is equal except

for the fatness,' '"Same weights and same kind of spring,"

"Springs have to be the same material to make it fair,"
Subjeéct chooses similar springs (e.qg., | and 2, 4 and 7) and
same weights and justifies by saying, "Same walghts and springs
looked like same material,'".'"The springs are the same length
(used ! and 2) and the wei s are the same, Subjcct does
controlled experiment but dentions oniy sameness.of weights or
(not and) springs. .

Subject chooses stmilar springs and same weights.but mentions

only weights or similarity of springs: ''The thickness of the <

wire is the same" (for 1 and 2), '"The weights are the same,' or

“"One spring is fat and one is thin.," Subject does an uncontrolled

experiment-but.in response.to Probe 4 does a controlled experiment ~

and Justifies it propnrly in answer to Probe 5 . N

Subject chooses a less suitable pair of springs- (e.q., 2 and 6),

and may show an awareness of the need to control variables by

saying, ''Weights are the same," 'Springs are of the same materaal
e Suhject does a controlled experlment in response to’ Probr Ay, but
: .says 'No'" to Probe 5. . .

f

) points' Urong. One trial, no response.

o guestion B -
points: ''No,-one spring is longer."

1 point: l"Yes, same?weights" or "Yes, springs are hrass." -

9 pbinfs; Yes ,'' "Looks good."’etc:




Quastion bA." .

% points: SubjectluSes controlled experiment (uses same welght on springs
2 and 3 or 5 and 7} and justifies by saylng, “"Everything is equal
excopt for the material.' "Same welghts and same kind of spring."
"Springs have to be the same to make (t fair." ‘

3 points: - As for & points but'givés_justlﬁlcdtion after probe.

-2 pblnts: Subject chooses similar sprimgs and same weights but mentlons

“ only weights or similarity of springs. 'The weights are the *
same,' or ''One spring 'is bYrass and one is steel." Subject does
an uncontrolled experiment but in response to Probe 2 does a con-
trollcd experiment and justifies it properly In response to Probe 3. »

Subject chooses 2 dsssimilar palr of springs and may show an
awaseness of the need tp ¢ontrol variables by saying, 'Weights are
the same," Subject dovs a gontrolled experlment in response to
Probe 4, but says '"No'' ta Plobe 5: R
) . . ) e
0 points: Hrong. One trial, no response. .

uestion'hB. - :
3 points: ‘'No, one spring is longer and has a thicker coil."

2 polnts: ''No one is IOnger," or '"No, one has a thicker coll.”
I point: 'Yes, same weights' or Yes, different material."

0 points: 'Yes'", "Looks good", etc. -

%uestion 5ee g ' . . .

points: ''No because you don't know if tHé~weights ¥re the same.'' Subject

o reaches to touch weights, interviewer.asks, '"Why do you.want to
touch them?' Subject: ""''To see If they're the same.'' Interviewer: -
"®oes it matter?' Subject: "Yes,.if they're not the same you
don*t khow.'" v

..

3 points: Subject says "Wes' to A and now says, '"No, maybe weightshérg not
' the same,” or "No, maybe one welght is heavier." . :

2 points: Subject says "Yes' to A and B and now says ''Yes, do these wooden
things weigh the same?™ or ''Yes, are these the same.size"

1 point: 'No, the blue is probably heavier."
: .

¥

. . 3 '
0 poé#nts: Subject's responses to A, B, C, D are "Yes, Yes, No, Yes ™

. Composite Scorés. The above scores can be combined to get a Variables,
Controlling, Criticizi™g, and Analysis score.. The Variabl¥$ score i€ the:
score on question I. The Controlling score is the sum of the scores on
questions 2A, 3A, and 4A. An alternative is to count thelﬂlber of scores
of 3 or above on these items. -The Criticizing Score is the sum-of .scores '
on 28,3, 48, An alternative form of this score is to count the number
of scores of 2 or sbove on these items. The Analysis score is the score’
on question 5. e
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TABLE

A
L]

SPECIFICATIONS OF SPRINGS

. SPRING - LENGTH ,  DIAMETER OF . THICKNESS OF
« NUMBER 'MATERIAL - (INCHES) COIL (INCHES) “—. WIRE (INCHES)

- n
steel ’ : : .018 -
steel _ .018

' brass . - . . 335 ..018
brass | - . ' ©.025
steel 1.5 ‘ . _ _ .025
steel . | ' .018

brass ‘ ' 5 T 025

brass . - ' .025




TABLE 2
DESCRIPTION OF SPRINGS APPARATUS :-

.2

. THICKNESS - FATNESS, _ .
HETAL OF WIRE _ OF SPRING LENGTH

s

‘Questions |, 2L_3; 4

steel - _thin, thin
steel thin fat
brass thin . fat .
brass thick fat
steel thick thin
steel . thin thin
‘brass thick thin
brass. ' thick ' fat

OO~ N Bl B -

(weights: 6 metal flat fish weigh}s)

Question 5 . - M
- :

Reqular ' . . . 14 inches:
slinky steel thick ' fat . hanging

Junior _ : Co : il inches
s1inky .+ steel thick thin : hanging

(ﬂlighés: metal c&linders'that look tﬁe same, but weigh differently)

>
'S
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"FIGURE 2~

SPRINGS QUESTIONS AND RESPONSE SHEET

# var

.

r

SPRINGS

Matertals: Nate 4‘ Grade
- N T . “

stand ( Experimenter
8 springs : . . .
2 slinkys ’ ‘ ' Date
6 flat. flshing weights -
2 wooden weights

PP

{MPORTANT NOTE: If subject’s response is unclear or Incomplete use one or more
. probes, :

-

1. {Hang.8 sprlings on the apparatus. Set fishing weights oyt tn front of subject.)
Here t.Qave somé springs. | can hang these weigfits from them. Experiment with
them and tell me what might make a difference in how far- they expand,. »

~ -

L}

R i
- ' ] z . h ]

2A. Now, do Qéﬁﬁiﬁink‘the amount of weight makes Q difference In how far the spring
wlllgéxaﬁnd? Yes ~ No ) . 2 :

*

Dd an experiment téufind out whether weight makes a difference:

12 3°h 5 6 7\8 S 2 b 8
SP: . WT: .
-1 23 K% o6 7 8. 2 4 8

Why did'you do the experiment this Qay?

" k]
Probes: ! . .

.. Why.did you tise this dpring and these welghts? .

. - 8 . .
ts it 0.k, to use different spripgs to see If weight makes a difference?

Hha{‘does"youf experiment show? ~ *

bould you find oyt about weight by using'ane sp(lng twicé? Yes MNo
How would you do it? ' ’ v |

-

-




3.

ls it better.t3 use | sprlnq twlce than to use 2 springs once?
th? - ,

Zomeone else wanted to pr ve that welght makes a differance. He triled sprlng'

#6, once with wt. 2 and once with wt. &, s thls a good way to prove welight

makes a dlfference? \f&!ﬁ No  Why?

* " -
.
. [
'S
/

Do you think the fatness of the spring mokes a differepce In how far It expands?
Yes No . ’ .

\ ~

Do an experiment to find out whether fatness makes a difference:

1

1 2 3 45 6 7 8 . 2 4 8

SP: i WT:
1 2 3 4 5 6 7 8 2 4 8
»

Probes ' .

i. why dId yoq use these springs and these welghts?

"

2. Does It matter that this one’ :s long and that one is short? (stlver/bronzes’

thick/thin; etc.)? -

- ' -

,would Iighter/heavier weights be just as good?

-

Is there another way to.do the experiment?' How would You do 1t? .

t

Is this a-better way to show if fatness makes a.differehce. Yes Mo Why?,

- ! -
g 4

Someone else wanted <o find out whether fatness makes a difference in how far

.down the spring stretches. He tried springs. 4 and ? (Ht& #4). 1s this a good
- experiment? Yes No Why? ' r

-

L] L

Now do you think the material the spring- is made of makes a Q|fference in hON|
far the spring will expdnd? Yes, No - :

Do an experiment to find out whether material makes a.differéﬁcég
1 2 3 45 6 7 8. ‘ 2 4 8

Sh:,‘ . WT: ]
1 2 3 4 5 6 7.8 - 2 4 8

. Probes:

1. Why did you use these springs ana‘these weights? . l o

i . *

2. Does it mafter that this one is long and that one is short? (Circle one)
(thick/thin; fat/skinny; heavy/light)? Yes No Why? .




Is there a batter way to dn the experiment? Yes No How would you do
it?

b, why Is that batter?

4

Somaone else wantad to fInd put whether material makes a difference. He trled
.springs & and 5 (Wt. #2). s this a good enperiment? Yes No Why?

}
{Mang two s)inkys on stand, use wooden welghts.) Suppose there was another
contest and for- thls contest Erin was choosing between these two springs. Before

the contest, Erin decided to hAng these two wooden weights from the springs
{blue wt, on small sprina). watch what happened.

From this experimmnt do you know which spring you would choose for the coﬁtel}?
Yes Hn  Big Small Why?

Oq'you have anough information to declde which spring to choose? Yes No
Why?
wauld vyou have any questions to ask Erln?  Yes No What?

t
Do you think these wooden things weigh the same? Yes No




