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Bengt Johansson (1981): Krafter vid rorelse.

Teknologer s uppfattningar av nagra
grundlaggande fenomen inom mekaniken:

e Intervjuade 1978 30 forsta ars teknologer pa
Chalmers innan deras forsta mekanik-kurs

e endast 2 av de 30 teknologer som intervjuades
gav "Newtonianska’ svar pa samtligafyra
behandlade fenomen

e Hans dlutsats; ” Endast ett fatal har alltsai

grunden till&gnat sig den sk klassiska
mekanikens sétt att se paforemad i rorelse’



Fragorna 11-13 hanfor sig till ett mynt som kastas rakt upp i luften. Efter det att myntet har
d&ppts ror sig myntet uppét, nar sin hdgsta punkt och faller sedan nedat. Anvand en av foljand
val (A till G) for att indikera den kraft som verkar pa myntet for varje fall som beskrivs nedan.
Om du anser att inget svar & korrekt, sd ange svarsalternativ J. Forsumma varje effekt som
kan bero pa luftmotstand.

A. Kraften &r riktad nerdt och konstant.
Kraften & riktad nerdt och 6kande.
Kraften & riktad nerdt och minskande.
Kraften & noll.

Kraften &r riktad uppat och konstant.
Kraften & riktad uppat och 6kande.

G. Kraften & riktad uppdt och minskande.

mmo o

11. Myntet roér Sig uppat efter det att det har kastats rakt uppét..

12. Myntet har natt sin hogsta punkt.
13. Myntet ror sig nedét.



Fragorna 30-34 hanfor sig till en kollision mellan en lasthil och en personbil. For varje
beskrivning av en kollision (30-34) nedan, vélj det svarsalternativ fran alternativen A till J
som bést beskriver storleken pa krafternamellan personbil och lasthil.

A. Lasthilen utévar en storre kraft pa bilen, an vad som bilen utévar pa lasthilen.
B. Bilen utdvar en storre kraft palastbilen, &n vad som lasthilen utévar pa bilen.

C. Ingen bil utévar ndgon kraft pa den andre, bilen blir kvaddad helt enkelt eftersom den
kom ivégen for lasthilen.

D. Lasthilen utévar en kraft pa bilen, men bilen utévar ingen kraft pa lastbilen..
L astbilen utévar lika stor kraft pa bilen, som bilen utévar pa lasthilen.

m

F. Uppgifteninnehdller inte tillrackligt med information for att kunna avgora vilket
svarsalternativ som & korrekt.

J. Inget av svarsaternativen ovan beskriver situationen pa ett korrekt sétt.

| fragorna 30till 32 sa &r
lastbilen mycket tyngre an
bilen.

30. Deror sig badamed samma hastlghet nér de kolliderar. Vilket svarsalternativ
ovan beskriver krafterna?

31. Bilen ror sig mycket snabbare an den tyngre lastbilen nér de kolliderar. Vilket
svarsalternativ ovan beskriver krafterna?
32. Den tyngre lastbilen stér stillanér bilen kor ini denna. Vilket
svarsalternativ ovan beskriver krafterna?



Forsta ars teknologerna har inte en ” Newtoniansk” syn pa rérelse.
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Andel teknologer som omfattar en ” Newtoniansk” syn parorelse
efter nagra olika grundldggande mekanik eller fysik-kurser
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Aven efter studier pa hogskoleniva tror ungefar lika manga
studenter pa Aristoteles som pa Newton!

force-follows-velocity view
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% Student understanding

For staelsen av Dynamik ar dalig efter hogskolestudier!
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Varfor?

Studenterna har ~20 ars erfarenhet av den
"verkliga® varlden

Studenterna har skaffat sig starka” mentala
modeller” —”vardagsforestallningar”

De ar inte oskrivna blad — forforestallningar

Det ar mycket svart att &ndra en etablerad
"mental modell”

Ny ”kunskap” laggstill de gamlaforestall-
ningarna utan att &ndra pa eller ersitta dessa



Some advantages of Microcomputer Based L abs
(MBL)

Real-time display of experimental results and graphs

Direct connection between the real experiment and the abstract
representation

New types of |ab experiments facilitating better student learning
can be developed using the educational advantage of MBL

In MBL students do real experiments, not ssimulated ones.

To take full advantage of MBL the educational implementation is
Important, not the technology! Active engagement is important!



MBL can be used as

- digital voltmeter

- data-logger

- triple-trace digital storage oscilloscope with differential
INputs

- timer

- digital frequency counter

- gpectrum analyser

- radiation monitor

- DC power source

- function generator.



FOrbattrad inlarning med dator stodda labor ationer |
M ekanik

(L ararstuderande respektive blivande civilingenjorer)

« Studerandeaktiva laborationer med utnyttjande av
datorstodd matteknik (Microcomputer Based L aboratory).
Fokus pa begrepp och samband. Storre vikt pa kinematik
an vad som ar traditionellt. Ny typ av laborationer
utvecklades.

 Studenternas forforestéllningar mottes t ex genom krav pa
forutsagel ser innan experimentet ("elicit - confront -
resolve’)

« Studenterna genomforde experimenten och jamforde
resultatet med forutsdgel sen (" elicit - confront - resolve™)
samt diskuterade resultatet. Datorns snabbhet med att visa
resultatet | grafisk form &r av avgorande pedagogi sk
betydel se.



Ett typisk experiment | de datorstodda laborationer
som har utvecklats.

Motion Propellervagn g o
S P
/_* C_ - ‘"":Hii:""m’

De flesta studenter tror att accelerationen ar | rorelsens riktning
och noll davagnen vander. Genom att tvinga dem att gbraen
forutsagel se innan forsdket kan denna forestallning motas.



Resultat av foregaende experiment
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Different cases

an early implementation of MBL-labs (Preservice teachers
1995/96) in a course for preservice science teachers (grade
4-9).

an full implementation of MBL-labs (Mechanics| 1997/98
for Engineering students) and some other reforms.

an implementation (Preservice teachers 1998/99) were
only the MBL-technology were used but the labs were
"traditional” formula verification labs.

arevision of Preservice 98/99 (Preservice teachers 99/00)
In which the Newton I11-lab were revised.

as comparision the results of traditional courses are
Included.



| mplementation of MBL Casel and 2
(Preservice teachers 1995/96 and Mechanics | 1997/98)

 In both caseswere MBL used in active engagement mode
and focused on concepts and connections between
different concepts. More stress on kinematics than
traditional in Sweden.

 students preconceptions were for example adressed by
asking the students to make predictions of the outcomes of
all experiments (elicit - confront - resolve)

 students perform the experiment and compare the outcome
with the prediction (elicit - confront - resolve) and discuss
the result. At this point the the rapid display of the results
by the computer in graphical form is of crucia educational
value.



For ce Concept | nventory
(Mechanics |, Hogskolan Dalarna)

Freshman |Pretest Posttest Gain (G) Normalised
year Average Average gain (g)
95/96 62% (After advanced Mechanics)
96/97 52% 64% 12% 25%

97/98 (**) |51% 73% 22% 45%




FM CE-results
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% Student understanding
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% Student understanding

FM CE-results
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% Student understanding

FM CE-results
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% Physics View

Fraction of Physicists view assigned from FM CE-data
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% Physics View

Fraction of Physicists view assigned from FM CE-data

100 |

B Pre (Mechanics | 1997/98)
B Post (Mechanics | 1997/98)

80

60

40

20

Velocity increasing Velocity constant Velocity decreasing



% Physics View
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% Physics View

Fraction of Physicists view assigned from FM CE-data
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Teaching Method Normalised |Reference
gain (FCI)

Workshop physics 41% Saul and Redisn 1998
Tutorialsin Introductory  35% Saul and Redish 1998
physics (McDermott style)

Group Problem Solving 34% Saul and Redisnh 1998
Preservice ~42% This study
Mechanics | (1997/98) 45% This study
Traditional 16% Saul and Redisn 1998




16 = Traclitional
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| mplementation of MBL
Case 3 (Preservice teachers 1998/99)
- MBL-technology were used in the |abs.

-the original Iabs were locally
"Improved” and transformed into
formulaverifaction labs.

- the students were not asked to do any
predictions.

. no lab on kinematics.



% Student understanding
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% Normalised gain
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% Physics View
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% Force-follows-velocity View
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| mplementation of MBL
Case 4 (Preservice teachers 1999/00)
- Similar to Case 3

. the “Newton IlI-lab” were changed
from “formula verification” to “active
engagement”
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% Student understanding
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% Student understanding
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FCI-results

Course |(Year |Main "Method” |Pretest |Posttest|Gain Normalised
student Average Average (G) gain (g)
body (FCI) [(FCI) [(FCI) |(FCI)

Preservice |95/96 |Preservice |Early MBL |~50% |71% ~21% | ~42%

(Case 1) Science Implementa
Teachers |tion
(grade 4-9)

Mechanics|97/98 | Engineering Full MBL + 51% 73% 22% 45%

| (Case 2) some other

reforms

Preservice |98/99 |Preservice |Only MBL-{49% 65% 16% 31%

(Case 3) Science technology
Teachers

NOT MBL-
(grade 4-9) pedagogy
Preservice |99/00 |Preservice |Partial 35% 67% 32% 49%
(Case 4) Science MBL-
Teachers |pedagogy
(grade 4-9)
Traditional|97/98 |Engineering Traditional [~50%  [58% ~8% ~16%




FM CE-results

Course [Year |Main "Method” |Pretest |Posttest|Gain Normalised
student AveragelAver agel (G) gain (g)
body (FMCE)|(FMCE)|(FMCE) | (FMCE)

Mechanics|97/98 | Engineering Full MBL + 29% 72% 43% 61%

| (Case 2) some other

reforms

Preservice |98/99 |Preservice |Only MBL-{33% 53% 20% 30%

(Case 3) Science technology
Teachers

NOT MBL-
(grade 4-9) pedagogy
Preservice [99/00 |Preservice |Partid 27% 62% 35% 49%
(Case 4) Science MBL-
Teachers |pedagogy

(grade 4-9)




RESULTS

Caseland 2
the students have got a much better conceptual

understanding of mechanics than students in traditionally
taught courses.

a high fraction of the students have acquired a Newtonian
view and alow fraction of students hold aforce-follows-
velocity view after instruction.

the gains are comparable to well known innovative courses
In USA.

the students in Mechanics | performed significantly better
on traditional problemsin the final exam.

male and femal e students got the same normalised gainsin
Mechanics |



Case 3

 the students did not perform aswell asin case 1 and 2 but
somewhat better than students in traditionally taught
COUrSES.

« amost the same fraction of students holding the force-
follows-velocity view after instruction as before
Instruction. By eliminating the active engagement part
from the labs the "weak” students were not reached.

 bigdifference in gains between male (higher) and female
(lower) students.



Case4
o theresultsare similar to case 3, but somewhat better.
e much better results for Newton I11.
o theresultsfor Newton I11 is better than case 2.



CONCLUSIONS

Microcomputer Based Labs (MBL) in an active engagement
approach is an effective way of fostering conceptual change
(concept substitution) in mechanics.

MBL is good both for pre-service teachers and engineering
students.

The MBL-approach can be misunderstood and implemented as a
technology only approach.

When implemented without sound pedagogy MBL isonly
marginally better than "traditional” teaching.



