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3.10 CONCLUSION .

def b

In this msection individual views have fiedn put together in order
to have a collective analysis of the ideas given by the
interviewees.

3,10.1 - Bictorial Representation

The following diagrams were given by the respecrive interviewees
in question 3,1.

Bl Bn - M1-

M2 L1 : L2

Figure 3.30 Pictures of the'ball thrown by the intekviewees

From the above it seems that students do not understand what is
meant by a simple picture describing motion. Bl and M2 draw
acueptable paths of the wotion but the ball is not in the
ploture, The argument behind the picture as a graph by ML is
based on:- o ' o

(a) straight and viaible,
{b) graphical representation means picture,

The othex unexpectad angwers (by 82,11 and L2) could he explained
by theiy raasoning that: '

e
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L2's speed-time graph shows some lnitial speed which slowly
increases. But hig veloclty-time graph starts from the origin.
Although'ha talked about some indtial momentum as well as initial
energy needed for the motion of the swing, he did not relate the
ideas to speed or to velocity.

761 8 init.ally I believe the child has gained momentum
as he began to awing, -

¥es I believe there must be enexgy applied teo the
child in order that he must swing. Energy must be
invelved.

&3

i

The ideas of momentum and energy do not seem ko be reflected in
the graph because of the symbols used for the axeg. I infer,
therefore, that L2 had difficulty in interpreting the motion of
the swing into veloalty-time and speed-time graphs.

3.9.4 Concluaion

L2's performance in the test was in the lower group, but he
showed some potential understanding during his interviews.

Unlike others, he brought the concept of kinetic energy being
contradicted by the force of gravity during the motion of the
hall. He means that when kinetic energy at the top is =mero the
ball hag potential energy. But he drawe the picture of_the :
moﬁion of the ball as a graph. In vector drawings he confuses
the magnitude " the vector of the veloclty with the mass of the'
ball., Tt appeare that L2's background understanding of '
interrelationship of the variables which decide the shape of the
graphs are weak, so he could not produce ralevant and aenaible
graphe., Hles pictures look like graphs and grapha do not give the
meaning in the context,
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effect of magnitude of the velocity on the path is understood.
"he second part tests the undergtanding of length and

Airestion of line-vectors. The third part is related to the
‘graph of the motion. The btwo main ideas to be undergtood are

that the return velocikty is negative and 2V, The gtudents’
answers to these three areas are seen in the following tables.

Question 1.2: Vector undarstanding of the motion of the tennis

‘hall.

Table 2 Vector understanding of the motion of the tennis ball

R tennis player A hites & ball with velocity v, After
being hit by the opposite player B, the ball returns
to the player A with veloocity 23V.

1.2 Which one of the £ollowing repreaents the vector
diagrams of the above mokion?
choelces _ ahswers | %
A, _ AB, N 10 [x |13
' B
A B
BA -
B, _ 8 19 | x |24
A Al B
¢ __ﬁ£~_+3 31 | ¢ |39
A "
D, : p 3
B k 19 X 124
A. L
Bx D
- A .k-lllr'-. - L y o o .
TOTAL : I - 1100




Converntions

In kthe Tables below, the following conventions are used:
X indicates an unacceptable anhswer '
¢+ indicates an acceptable answer
C indicates a corregkt answex

Analysis.

Analysig: Question 1.

mable 1 Pictures of the motion of the tennia ball .

A with velociky 2v.

 A ténnis.player A hiks ﬁ bail'with velocity v. After belng
hit by the opposite player B, the ball returns to the playexr

1.1 Which one of the following represents the motilon best?

e

cholces anawers | %

A - _{Dm-n-—-mn-- [ N— — L B : X ] L9
A = im0 B

o " C -

B. " 18 |Xx |23
Ao ~ O 4 OB | A

c. -0 20 |a¢  fas

o e e “ﬁf‘h""nm . -

/x (y i) % =3 B

- v " b —“_‘"""h.. C . .

A O G20 B |
TOTAL 79 | | 100

«+The motion of a tennis ball le seen Frowm thvee angles in the

form of three guestlons.

The first section has possible

pictures of the path of the ball. It can be answered if the

R———

e e . vk rvia mRmal b b mi. v b
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APPENDIX B

QUESTIONNAIRE DISCUSSION AND ANAIYSIS
Introduation _
The guesbtionnalre was uged ag a tool to diagnoae studenty’
ways of thinking about speed and velocity in terms of graphs,

vectorxs &nd pictures of xeal life motlon., In this section the
guestione are reviewed, and the data obtalnad from answers are

- presented in tables for sach gquestion., The pictorial

repregentation of motion, the scalar and vector nature of

gpead and velocity and tha_stndentaf ih:arpretatian of

velocity-time and speed-time graphs formed the focus of the
invegtigation, The analysils ile done qualitatively to describe

. the concepte and ideas of students’ and quantitatively to £ind

the commenality of a particular ildea or concept,

Diagnostic Questione and Answers

The questionnaire consigted of examples of real life motion to
diagnoss the students' understanding of motion in the
following three_areas:

1. Plotorial representation,

2.  Drawing veloclty and speed ag vactors and soalars
regpactively, :

3. Drawing and interpreting velocity ~time and spead tima
graphs,

The type of guestions used were multipla-cholcs, opensendéd,
construction and interpretabion, The question tvpea were
shosen in an attempt to supplemant the weoakness of one
question by the other and to make the data more valid,



A ball rolls between two wn[ls on a smooth oor. After rebounding, the ball loses
loses & little velocity, but while moving moves with constanit speed/velocity. A
veolor diagram of the motion is given below:

V1 | V2 V3

o . Y
Vo | vE V4
V7 s

Draw A velocity « time graph of the motion up wntli v8.

C - Diaw g sp'eed « tite graph of the motion up until v,

SRLLLLILLLEL LI L LR Lt b
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(2)

()
(¢}

{d)

{a).

Which part of the graph represents the following?

() A constait velogity .....ccrne.
(i) A motion in a forward direction .......vevnirn
(i) A motion in a backward direction .....ccinnen

Change the graph by a dotted fin: so that it may represent a speed - tlme graph.

Use the graplt to deseribe a situetion in real life represented by the graph :

-----------------------------------------------------------------------------------------------------------------
LR R e L LA O R L LT AR TE]

...................................................................................................
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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Represcnt the motion in the graph- in real lifé, in vector diagram

A child ot a swing las a speed zeto m/s at the fop e.g,

(#)  Draw aspeed - time graph for the child on the swing,
{t)  Draw a velocity « time graph,

(b)



3.4.  Study the following graphs and answer the quec.ions asked,
A s B 4 C

Y
Y

b
L4

) »
h
t.

Which one of the above best represent the ball thrown upwards?

(a)  Spesd - thve graph ...oevninin
(b) Velocity time graph, i
4, The motion of an object Is represetited by the following velocity time graph

vclocily
gt

[ .
-

12 lilﬁc in gaconds
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. Objects ch"an'g'ing direction, Constaut aceeleration.
3, Consider a ball thrown straight up into the air and orght as it falls back,

_ 3_._1-. Draw a picture of the motion of the ball;

3.2, - Inwhich positions does the ball have the highest spead?

3.3 1. Draw the vector of the velocity at half way going up,

3.3.2, Draw the vector of the velacity while the ball is caught,

e

gt e« e R R R 1 - P T L

k1 (5)
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2.1

IYT3 45 6 7 8 9 SN

'_ ‘Which one of the following is the best real motion of the graph .of the object A7

@  Aball is dropped from the top of & bullding,

()  Aballis thrown vertically upwards, V=3 m./s.
(iify Motion of a car when it hes nttained a constant speed of 3 m/s.

" Gv) A marble ball is rolled with 3 mvs along & horizontal hard smooth surface

2.2.1.

2,2.2,

2.3,

24,

of marble, The ball strikes a wall and rebounds back towards the origin,
What is the velocity of the object A, at 4 and 657
Can you say what is the velocity afier 5 hours, if only time changes |
© ‘What is the speed of the object A at 48, .o

The following are the sketches of the speed versus time graph of the Objeut JL

Choose the correst one rrreans
. ’ A . B L
v (m.'] J o E ¢ f mg‘l)
3 ' 3
4 ' Pl 4
2 2: . :
1 i C
Ol S Y . S e 1 ()
CErRrararacie T 23435678 Le)
k2 . . ’ v . :

Ty



1.2,  which one of the following represents the vector diagram of the abave motion

A
BA
A, AB . B. .
A B A AR B
BA
Cl AB . Dl AB
— < +
Il a‘ . B A B A B
A Ba B

1.3, Which one of the follbwi_ng i the correct graphical representation of the motion?
~ Wiite the correct Roman nutber, o
(1) Velocity versus time, o

 (2) Speed versus tinie. ...
i) M s
R
2v . ' v e
v v
e T » :. —5 : >
v o ' -y
vy ' : o "2y
iif) iv)
+ _ : +
vl pm——————— 2y
A\ v
—3 > —3 >
B — _ R
vy ' . . . _ 2N -.-.—.————.
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Appendix: A
QUESTIONNAIRE
Dear studeilts, |
The questions betow are designed to investigate the precbnceptions, concepitions and
misconceptions in the field of motion, The focus is on real motion, related vector

understanding and graphical representations anit mrerpl 'etations in respect of velocity-

time and speed time graphs,

Try to answer all the questions to the best of your understanding and capabilities.

Feel free your scripts shall remain anonymous.

_COURSE SPTD / STD 1/2/3,

MName, oo, PN Vearriran

Ohjects changing directién. Constant veloci.ty..

1. A tennis player A hits a bali with velocity V. After being hit by the opposite
player B, the ball returns to the player A with velocity 2V,

I.1,  Which ane of the following represents the motion best?

A
B A o > O < OB
_IC
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Investigation of student understanding of the conecept of

acceleration in one dimension.? American Journal of Physics,
49, 242-253,

**********
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‘Mackay, J. R. (1993}, Y An investigation into some High
School pupile’ ideas of speed and acceleration.' Unpublished
M. Sc¢. research report, University of the Witwatersrand ,
‘Johannesburg.

Mathisoh, S, 1988, " why Triangulate." Educational
. Researcher, March 1988, 13-16. '

MgDermott, L. C., Rosenquist, M. L. and Van Zee E. H. (1987},
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Investigation of student understanding of the concept of
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Question 3.4. (b) Velocity-time graph

Table 15  Students! answers for guestion 3.4, (b)

Which one of the graphs below best represent the hall
thrown upwards? _
3.4, [(b) Veloclibty-Lime grapn ...

cholces ' angwers %
B. v 18 C 23
¢
c. 23 | % 29
v
\ e
D. ¥ X 16
. 13
—
B, v 15 |x 19
.!"-

No Idea . N X 3
| voran X o tee | oo




Table 14 Answers chosen by students in question 3.4 (a)}

14

Which one of ﬁhe fullowlng hest represents the ball thrown

upwards? 3.4.{a) Speed-time graph

cholcey 1 answers %

A, ' 18 | ¢ 23

i

B. 26 |x |33
T

¢. 1 | 12 |x  |as

T : | 20 [x |25

- | _ . - 'x S

Clargt : T *
TOTAL 79 100




13

Question 3.4

Mot '
study the following graphs and answer the gquestions asked., In
rwo sub-sactions the aim is to test the understanding of
velocity-time and speed-time graphs of the motion of the bail
. thrown upwards, Students are asked Lo choosa the correct
graph from the given four cholces.

A 4

Pigure 2 Graphs of the ball thrown upwards



12

Table 12 Students’ answers for question 3.3.,1

'3,3.1. Draw the vector of the velocity at half-way going up.

Answers given by students, ( Sunmary) angwers | ¥

A T tes ¢ |32

39 | % 49

No answer 118 | X 19

TOTAL : 19 100

Table 13 Students anawers for question 3.3.2

3;3.2.- Draw the vector of the veldéity while the ball le
“cholces | o ) anewexs v
A, 8 .t 28° [C |35
. omd |

_ A

2]
B, [variﬂty of graT::lwi:i; r\\\u/// 38 b'd 48
No anaway : : 13 {x |16
) Provimt : . .

KT | w00

TOTA& '
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Question 3.2,

It aimp at students’ understanding of motion of the ball at
different positions while going up and coming down.

Table 11 Students answers for question 2.2

'ﬁhich_ﬁlaaaa does the ball have the-highaét gpeed ?
.aZhOLCéB. ' - _.. answersa %
A, ) When thrown ' 1 e 29
il) when caught P _ & 8
B, At the kop upﬁard | - o 8 X i
C. Downward motion o a1 X 27
D. Valacity remains conatant - | 3 __X 4
Half-way up and half—way down ". 24 X |5
Ne angwer N _ 14 1% 18
TOTAL" _ T | | ) . 75. '_.” 00 |
. _ _ _ el )

Quastion 3.3.1%

The two ideas to be tested in thim part are velociby at half
. way up and the line vector diagram of the velowity, The table
12 shows the answers given by the atudente,

Question 3.5.2,

Thie sectian aims to test whether the students aan métke out
the difference betwsen magnitude and direction of the
veloaltles betwasen two positions of the motion nawely: halfway
golng up and when the ball is caughe. Secondly the'ability ko
draw the line vector of the velosity, ° Students’ answers are
given in table 13, | ' | N
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caught as it falls back, The ball reaches the maximum height
and it accelerates as it falls under gravity. It is assumed
Lhat the Initlal and final velooitles are the same.

Questlon 3.1. In thie part pleotorial representation is the
main tlhrust to be tested. Students need to correlate the
changing velocities of the ball at various positions of time
during the motion and based on this to draw a picture.

Table 10 Students’ answers for'queation 3.1

3,1 Draw a picture of the motion of thé ball..

'Qhoiqes : angwars | %
A. | - . 23 [c |29
B. 9 or |l

W () ) -
—— AT - " -
No ides and rvandom lines as graphs |10 |x a3

I roTaL | . e 100



Question 2.4.

- The speed-time graph of the object A is given in four options.

It is aired to test the undergtanding of the scalar nature of

Table 9 Speed versus time graph of the object A

~the speed and its meaning in graphical representation.

The following are the sketches of speed ve time graph of the
ckjack A. Choose the coxrect one.
cholges _ahswera ¥
A. 25 |x |32
1, oS 13 {% 16
i |
3
1
0
NEEEEREEE i
C. a5 c 32
- D, 14 X 18
) _
d . |
2 e
2
f [TT3swTs I
No answer 2 ix |3
TOTAL 79 100

; o '
Analya;s: Queskion 3

Conslder a ball thrown straight upwards into the air and




This guestion aims to test the understanding or concopt
ralated to uniform velocity and the meaning of a graph

parallel to the time-axis or in general the X-axis.

Table 7  BAnswers of question 2.2.2 as given by students

2.2.2 Can you say what is velocity after - if only
time changes. '
several anawers appeéred, _ _. answers. %
~2em/s L lia |c 18
2em/s _ ' '5 | X 6
0.5cm/s o 5 X 6
. Ocm/s i | 4 | x 5
 no ideé or irrelevant 1. ; 51 X '.65
TOTAL | BEE 100

Question  2.3.

Table 8 Answers of question'2.3 ag given by studente

2.3 What is the speed of the object A in.figure
| (3.1} at 4s, _ S
choices (om/s) o aﬁswérs | _ _%
0 ) 3 e P
3 | B 18 ox RES |
5.75 | RV x {22
- .__ ._._ — 1
no idea or irrelevant |46 X  .  $8
TOTAL | IFP | i 160




Analysis: Question 2.1

The four option2 based on the interpretation of the graph
above, aim to test the abllity of the ﬁtudents to choose the
right physical reality of the graph. The graph has a constant
positive velocity up to the first four seconds and at the
fourth it ig zero. Immediately after the fourth segond the
graph gives a neégative constant velocity of 2V which is less
than the previocus velocity before the fourth second.

Question 2.2.1. The guestion tests the conceptual knowledge

of'the shapes of graphs namely (a) the discontimuity in graphs
when the direction of motion is reversed; (b) secondly the

negative values of the vange with positive domains.

{This iz an open ended question teating the capability of a
student reading the graphl. '

Table 6 BAnswers of question 2.2,1 by students

vélpqity at 43;. _ velocity at Eé.
'anawérs(m/s} no. of % | anawers [ no of ¥
stud. (em/a} | stud,

3l lex|a2| -2 8 |c |10
-2 Code o el o2 {7 s
3cm/8 | _S o ls lo.5 | 3 |xla.

Loms 7 ¢ fs fo | & x| 7
'0.75 =3/4m_/__ R x 25 Ino idea| 55 |x |70
2om/B . 18 [ X .10. - - -
40cm/ e 3 X |4 - R
no ldea | _ 18.. X _.23 - -~ |-
TOTAL 179 | TOTah B fé




Question 2 Analysis :

In this'question 4 graphical representation of the motion of
“an object A iz given below as: ' '

+*

w{ms)

N
2
g

Y072 3 4 5 6 7 8 9 L)

L

Figure 1  Velocity-time graph of an object A

Table 5 = Motion of the object Af in real life as interpreted'
- from graph -

Which of the follcwing'is the best real motion of the graph
‘of the object A in figure 1. ?

sholces ' answers | %
. A ball s dropped from the top of a 5 {x |6
| building

ii, A ball ls thrown vertically 10 | X 13

upwards., V=3 m/a

i1i., Molkion of a car when ik haeg atbained 22 X 28
a congtant speed of 3 om/m '

iv.A marble ball is rolled with 3 m/s along | 39 C |49
a horizontal hard smooth surface of marble. | | |
The ball strikes the wall and rebounds back
e the origin '

ki'm, . e aia

No anewer S : 3 4

TOTAL | e { 100




Anialysis: Question 1.3 (1)

Velocity ve time graph.

. It aims to see the ability to translai. the picture of a given
motion into velocity/time graphs and to use the negative axis
for reverse velocities. The second idea was to chserve the

vector difference of spéed and velouity and its effesct on

graphical representations.

Table 4 Question 1.3. (2} speed/time graph

choices: ppeed/time graphs of the ANBWELS %
tennis bhall
‘ 19 X |24
w
v’/\
(1) L I
14 I1¢C 15
v p———
. !
(14) ‘ I
2 r—*;—; 3 X * 4
¥ i
. . L
iy L
9] r
e
{iv) ] ——rrem
. — _ b ——
flo anhswear : | 36 46 |
TOTAL 78 100
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AnalysiBs: ' Queagtion 1.2

In this part the motion of the tennls ball 1s presented in
four options of vector diagrams. The aim ig to test students'
conceptual understanding of veloeikby as a vector in real life
motion. Another area, to investigate was the students’
abillty to represent velocity by using directed straight linas
ag vectors (length of the line representing magnitude and the

. arrow ag directiom).

Qués:ion 1.3: Gréphical analysie of real moLion,

Table 3 Students performances in Question 1.3 (1)

A tennis playé} A hits a ball wikh veloecity v. BAfter being
» hit *y the opposité player B, the ball returns to the
player A with veloeity 2V.

1.3 Which one of the following is the correct graphmcal
repraaentation of the above motion?

chcicee for : (1) veloclty vs time angwers | %

i. ' ' ' ' : 17 | ¥ 22
¥ ::j .

L1 : :

ii. g _ 17 | X |22
v l—"-“"— . .
yf—

‘__Ul T
1id, h‘_ — 5 X 6
iv. . 38 Jeo |43
| : :
W
ot m—
|| no answer | : - o le | s
TOTAL o e} |00




APPENDIX ¢
RESPONDENTS OF CORRECT AMNSWERS

In this section the list of respondents of correckt angwers in
guestions 1, 2 and 3 are prepaved, The list helps to find out
the common respondents of the correct answers and to assess the
ratlo of correct answers in differsnt guestions and the sub-
questions.

Respondents of the correat answers in questions 1, 2 and 3 below
are vepresented by their code numbers. :

{ The coden were allocated to the regpondents when they answerad
- the questionnaire.) '

Question L.

Pictures (N=20)
l.n. 8, 12, 21, 24, 26, 31, 32, 34, 38, 37, 39, 57, B3, 64, 67,
69,70, 72, 76, 79.

Vectors (N=31)

1.2, 3, 5, 6, 7, 10, 1%, 16, 17, 2L, 28, 32, 34, 35 37 38,40,
4%, A4Z, 48, 49, B2, 54, B&, 60, 83, 54, 853, 70, "L, 72,
73, ' ' '

Graphs,
S 1.3 (1) Velocity/time (Na34} : _
1, 3, 5, 6 ,7, 10, 31, 12, 13, 18, 18,19, 20, 24, 25,27,
33, 38, 41, 43, 43, B1, B3, 54, 56, 57, BY, 65,66,69, 70,
92, 74,79, :
(i) Speed/time (Nw=14)
13, 12, 13, 18, 22, 23, 27, 33, 35, 43, 47, 63 73, 9,

Quastion 2.



Table 25  Lxamples of graphs as vecLors

gtudents’ code graphs
) )

7 \ Vi v,
—> 2y s
G

2
N :

3

KRR RE RS h bk hhhdnd

b

26



Table 24 Students' answers for question 7b

sl '-.i i

7. (b). Draw a gpeed - Lime graph of No. %
the motiqn. :
cr |3 4
Im_-'_----«n----.-m-m
_ ¢ 1 a
SR
T
X 22 |16
_ X 6 8
/ X 5 6
x |4+ s
]
 irvelevant | | - Clx |47 |se
I Torar | 79 | 100

28
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Table 23  Angwers given by atudents for gquestion 7a

TOTAL

79

a) Draw & valocity /Lime graph of "He No. %
mation abova until va‘

4 5

| | B 1 |13

o ' .i :

I K 8

\ 3 4

{grapha starting £xom zero}' 33 |18

N ]/\/ .
 other graphe make no meaning 24 (30
300
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Analysis: Questilon 7

A motlon between two walls is described through vector

diagramg. 8tudents are expacted to understand the motion in
‘reality. The question aims at testing the understanding of

the motion through line vectors and putting the understood
motion in graphs. For this purpose velocity-time and speed-

time graphe have been asked in its two sub-sections, The

focal area of testing is where the gwing motion changes ite
direction in reverse and when it slows down.

i v v
O O O O
Y/ VB V4

b

Flgure 4. = Vector dlagram of the motian of a ball batwaan’ two
walle
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Table 22, B8tudents answers for question 5{b}

5 {(b) &wing : Velocity - time graph. | No %
| ) Clx f1e {18
b4 3 4
, )
X 4 5
l h X 7 9
/ _
-{‘\\ X 7 9
VRN ~
S RN
S
X & 8
X |7 9
- )] Ayt — -
irrelevankt wandom line e X 31 39
TOTAL ] 479|100 |
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Table 21 Students answers for question 5 (&)

(a); Draw é apeed-bime graph foﬁ the No . ¥
I ¢bild on the swing.
| c 13 16
x| 11
X 8 10
//,/’// .
-
X 13 16
mmmmmmm e -"-‘im.uh"’ﬂ 1 A T - e ik 8 v )
b luw :
No signifiaant meaning . B 36 |46
TOTAL 79 | 200




20

Table 20 Question 4 (d}

4, (d}-z. Represenlk the motion in the graph |No | %

in real life vector diagram.

no .id.aa | b 4 | 65 832
AB graﬁh sta:tiﬁg from zero | X f2 |3
e o — - - -

| N

:Othérs.makiné lines and.arfowa with ne | X 11.  14
| senae

TOTAL 79 | 100 -

Analysis: Question 5.

Tigure 4

The quastlon is from a dally life reality., It aims to temt

"?‘\

7 I

N\

, ! N\
|

’ N

M B

-
\'*-._,,%__/:/

Motlon of a child on a swing

i) the undﬁrstanding'of changlng directlon as well as

magnibude of the mokion of the gwing with time and various
physical posltions occupied by the swing during the motion,

B =3

44} the ability to draw the

in form of (a) epesd-time and (b} veloolty-tlme.

corresponding graph of auch-mﬁbidﬁ:




& T, el i M a L

aﬁawers _ - | No. %
 Speed inC?aase as ﬁime increéses = 5 .G
Objecté aécelerétas uniformly Erom X 21 | 26.8
| rest
A gird is throwing a stone along a |x 2 2.5

1 2B

Table 19 Quegtion 4 ¢ Use the graph to describe a
. gituation in real life represented by the graph

-wall drop {upward and top- down}

car accelerataa X 22 28
BC - moves with constant velocity
Ch -~ decelerates

DE - accelerating in opposite

: direction :

EF

- decaleratea in forward direction
no answer _ o _ X 29 a7
POTAL - . 79 100

Question 4 (d)

Tho aimﬁ of this activity are:

i)  to test the ability to make ¢ut vectorisl meaning from a

graphical representation of a motion,

. il) to test the understanding of vector diagrams in the

perspective of changing wagnitudes and changing directione.

The students’ angwers shown in table (20) reveals a very poor
undexptanding on the part of the studente. No student could
draw the vestor diagrams, 65 students came with no idea. Two
angwerved ip the form of graphs starting from zero as in the
previous questions. We can infer that students have poor
understanding of vectors, eapecially when ldeas have to be-
drawn from a graphlcal representation.
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‘Question & (b)

This quéation aimed to investigate: the understanding of the
graph of velocity and the changes needed when the game
converts to speed or the effect on the graph when only

..magnltude changes with time‘

"~ Tddle 18 Question 4, (b) Amend the graph by dotted line so

-that it may represent a speed-time graph '

- answera | _ No. | %
¢ 0 0
¢l poe '
. "1 I'lr 1“ ‘ﬁ“
t v b
4 '. \‘ ' 1‘
' £ 4 b8
X 9 1l
'no idea or irrelevant y 70 | 89
TOTAL | | | 79 | 100

Question 4 (o}

This part aims to tegt the understanding and interpretive
abllity of a student on graphical represantation in a real
physical siltuation.

None of the answers given by students showed a sensible
meaning of the graphe in weal life. It &iwply ilhdicates that
the students have difficulty in interprebing tha segmanta of

the given graph in reality.-

R A e
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Queation 4 (a).(ii) Motion in the forward direction.

Pable 16 Answers for question 4 (a) {ii) given by studente

anéWErs _ No. | %
A’ﬁo D c 8 10
AB _ or |43 | 54
B¢ | o s |8
AB And'EF % 4 5
@ y x |3 s
It ac | p:4 3 | 4
 EF and DF X 3438
'__ho idéa.and ' & 8
irrelevant
| 79 200

. Question 4 (a) iii) Motion in backward direction.

. Table 17 Students’ anawers for guestion 4 (a) (iii)

' answers_ ' No %

N

_DE {only) ol [z [20 |
' Colx im0 i
o fox 10 “laa
No ldeas _. X a5 N 32.
TOTAL'.' | | _ 79. 100_1



" forward motlon and .

16 e

Analysls: Question 4,

. . . . Anl v, < ]
The motion of an object is represente& gy the following

veloeity-time graph. The four sub-segtions of the guestion
are designed to show the understanding of the various parts of

the graph. Section (a) again has three sub-sections and tests

three ideas_represenred by the graph i.e. constant velocity,
e 1ard motion. In section (b) the speed-
time graph from a 1. city-bime ds the main thrust., Section
(¢} is designed to test the understanding of the graph in '
physical real motion, And the fourth section tests the
understanding of the graph in terms of vector diagrams.

) ﬁnderstanding the graph includes the ahility to draw narrative
. information from+the segments of the graph at one place and

from the whole_gragh a%:another.

[
velocity
ms!
2
0] +
B2 (t)in seconds
X
o
& |

o M .
Figure 3 Velocity-time graph of a motion

4.(a) @hich part of the graph represent the follawing:

Table 15 Question 4 (a).(i) A coustant velocity

womvers | ve. | ®
e “Te les ez
AR S | X 12. 15
ﬁppéi ﬁart | 'x' 2-_. _ﬁ
oA, P79 | 100

o



58,

59,

6.
6L
&
63.
64,
64,
86,
6.

68,

691

7.

R

.
73
4.
75,
76,

1.

ll

1t i3 thrown straight u'pwm'ds into the air and is canght as it falls back. Yes T think the motion

will e like tiis Che draws) stratght upwards and 1t comes back ngain,
O

Fipure: 131 's undersianding of the motion of the ball
Yeah,
Yos,
All righi, what can you say niore gboat (his mation?
Whichi moton?
This theown balk. merning laoﬁ' duoes il go and how does it come? Can Qou_ say something mote?
Hov docs it go and how doos it come (he repents)? |
Whal con you sy more abow this?
Just 1l Light ma nbout this welosity or .,
R_buut the whole metlon,
Ol About the whols motfon. W they throw it with » ligher velocity?
Oomm hoi, _ ' |
Yes then whon il poes upwards, beeiuise 6F the gravitatlonal Tores which act ngainst 'the biall tlxc.
ball stris 10 decrense in the volockty wntil the velochy 18 zore and e it refatns bask agsin, And -
wlion 1L returns it increases and inerenses ... . Tdon't know how on T explain #0ds,
Wik, that you bave explaled. '
Until it reached down,
Yes gond, fot us goe some winthoniiien] aperation on this, llke what is here? Read it

In which position does the brll have the higles speed? b whlels poslilon ....(he reads pgain).

. Yes,

- Yos. An, whon i goos upward:. in foet, liow can 1 explain his? From tho trower's haid, low

metres from (he throsver's hind wpwaeds . Whon H returns backwards agnin on the samo level, Is
whiere the ball 15 going Lo have the hilghest speed,

Yes.



36,8,

L

38, 8.

19,1,
40. 8.

41,1
42,8,
43 L

a4, §.
45, 1
48, 8.

LIANN

48 8,

49, 1.
50, S.
51, 1.
52. 8,
53, 1.
5, 8,

i3 1.
56, 8.

57, 1.

Of noceloration? In faet T have got the iden becanse In ternrs of neceleration, dots nol lave o
direction. It dors fol have the direstion.

Flumm,
Yes,
Then.

Wo are going Lo consider ondy the wwotlor, saly the volocity, We are going Lo constder only the
volooity, I think so.

Buppose this (a pleco of chalk) is the ball, htots i,
Upwards? (He throws ihe plecs of chalk).

Yes, and culch it. ... what? '

11 goos uphvards stops and retarig apals,

So do you untlerslnntll_h.ow It gocs wpiwards and gomes back?
Yos 1 understand, |

Thien demy the pictuge, the pictnrml repieseniation, Suppose you lave (o By lt iu picume. oy

. witl you sy 2

AT Loy say to drave , 1 think T will represent it a8 (ke (hls. (Draws a ploture}, T tiEn again ...

‘_
Figave: B1's picture of the ball thrown upwards
Yes,

With constant acceleration,

No thls {conslant acénlcm'tion} i3 not rolnled this,

Tt & not rolnted to this? [s it topic?
'Hum. It -lsjustzi lype of tople, Thequestion starts from here,
The question sfarts from hiete?

Hum
1juat consiclar when the ba!! Iy throw:: up?

Yos,



Bk 8,

15.1,

16. 5.
17,1

18, 5.
19,1,
2. 5.
24
s,
2L
24,5,

25. 1.
2. 5,
L
28,8
AL
35. 5

L
2.8,
3.1,
.8,

35' In

Wlien the ball is theown into the air arkl caught ay it falls back, Constant dcceloration, that
menng that the ball was just moving wlih the same velosity from (be lltrowo.rs hund {o upward
uadit i coines back agaln,

Well that consiani scceloration is Justa type of direetion (hat is not fecessury, Bul you have (@ -
think nbote the bail only.

The ball only?

Yes tho ball is thrown up and it is canght when i comes bnck. thon how do you conslder Lie
tigdlon?

The motlon?

Fun, _

Ta dimw the motion of the ball,
Yes, |

Itis (hrown upveneds then shton 1t corues bnek ft ks equght ngain,

Tha Mirower calches 1t -

With the conswnt velotliy? No wllh 1he constant ncwlcmtiun (Ropeats twice htmseli} Iegt
draw what? Constrnt ucceleruuon ot whal?

No no, you draw the plciure of the mation of Uto ball,

The veglor?

No tho pletre.

The pletire?

Yes, |

QXK. tha ball Is thrown ﬁpwards. samnt with tho conslant aceolecatlon, will: tho cobsiant
accoloration, moaning thal whon the thne, aatnm 16 mave with this, when il move wlth constant

necolattion, 1t incrense. .

How does,..?

"This 15 36, hurro..., 1 inoronss with the same..,

Where dﬁ you get .l.llc consian recleration? |

Coustant accclemtion. Wwo get conséant acceloration when the chieet moves wiun cotiatant
volacliy,

Wol, but tn this cuse wiien ttie Lall Is thirown upwards do you havo the iden of ncosloratlon?



APPENDIX G

Tixample of Intervluw Transcript of BI {excerpt)

TRANSCRIPT OF INTERVIEW B1

PHOLOTO DINGAAN AS Bl

INTERVIBWER : D PANDEY

DATE : 22 Aug 1995, 3pm,

'PLACE : Mamokgalake Chuetie College of Educatlon Groblersdal

Ditgnan appenred bs & sincore student ot only In ¢lnss but out of the elnss environinen as well, When he

performed well [ the tosl, [ declded 10 Enterview him for the proposed case study, I informed bl of tiy

intention and o npreed, He did not heslsate over his interview being audio-inped. Thio dots wos {ixed

three days later on the 22nd Aug 93 al‘b:sr lunch at Spm at my olTice in the physicni sefance [nbaratory well
- knownio him,

Dyrlsg the Augnst month In Jato winter it was stiiY a bit chilly, Aller funch I huerled 1o the Inboratory und
prepared for the interview with wy tnpe recorder and oponing questions, Dingaan knocked at tho door

Just 3min to 3pm, T asked him 10 coter and he walked in, deessed simply with o jorsey on. Aﬂcr grceling
| a['fercd him @ seat nearby the Sony tape recordot ind we wera set for the interview.

LT

.
L1
12, 8,
3.1,

So you are Bl & not Thabeln, _
Consider a bl thrown siralght up inlo the alr and caught né_ it Fafls back.
Oon Hun, enn you make oul the {de,

Ball thrown up. Consldcr o ball teown stealghi up into e ale and cnugiu oy It folls back, The

- question says objests changing dircction (constant acoelaration).

What ig the qu_u-:sﬂon here?
Deaw the pleture of the motlos of the ball, -
‘?cs. caiw you drnw Lhe plotuse?

The pigiure of the siolion?

. Yo

~ Coustant accelerntion. canstont aecelomilot..., (muttering and thinkmg)

Where is consmnl ficeslosntion, when the bail ls theown, do you have any idea?

Whun the hall Is thrown npwnrde?

Hun,



L4y

| give permisslion Jor PHGLQi{'f):m‘EDiﬁ.‘iﬂﬂﬁ b partisipate in the

Solenee Lenrnimg qlwdy,

@’lﬂmu -
Phvonl or gunre b N

f’hctow e ﬁ:) | | U7, 0 IS 1p60
Sludent : § . Date .

I #lve iar*r-lll.l agion (ur Lo 1.1_\l—t=.t'v"i@w Lap tho be_usmd gt the seminar

or a confrevonee on Sofenee Learndng,

‘\f-é":g 1 outn teem st bon Tor dale to be used in this way.
ﬁ',' ~f o ot wlve permlssion for data te be used in this

AN

1-‘! ek or guardian

WAN .

p[x\w (otv A

Hanlant



Y APPENDIX ~F o 11 . | wpte e ey

PARMNTAL I'lt.h‘.MlelQp S8LIP KO, "i'l'UlmN_,L' PAIU‘;{_GJEQ'I';L N..
IN A HGIFNQ% LRARNING, STUDY o
. ‘I ' ) .
A Salenee oduenl ton project al Lhe University of Hassashusetta 1s
conduallng & sty of [nvbuv that influence the loarning of
relenne o The slady help ua*Ln desiqn better sciense courses. We
should Like Lo veguagl, yeure gvtmlaniun to have our daughter ar son
pretielpnte Ta the shinly, . _ :

Tha wlady wiil involve, lwe 30-40 minute interviews afltaed
sedpol, and the stwlenls will be paid RLO por interview . Each
staclont wiil bo nalked Lo ﬂulV@ sown soionde problems oanceraning Lhe
tgee af levors o #mlmpin maohinns aloud In ah inbterv view.. The
Fuleeviepwn will be agdlo np Vidou Lapad. This allows us to kéap an

Chenwiale record oand Lo giudv the loearning pruoesaes that
peer  Bhdent s 1 ojndtess wltl nl Lo used in Lhe reports of bhe atudy'.
ol Lie gliedy ol | hies rnmu!]ﬁ,will not nfraoh the students' grades.
Poalwml) nse Lhe intoey [ew hﬂrn in my dimsoeriabion and fer the
vnul-ihnllnnt'iu i Jdanrnnks and confersnces.All identitieﬂ will
hv peebleelod al il Llwns, "ﬁ -

Papldolpal Loy is VUInnLnnx and ponsent gan ba mi&hgggunmgk_gnx.:
Llme - i " .
Ploaun aign and vnluPW Litts lerm if you wish,ﬁo,givé_?ourf’
permlaaion for nnllltlnnllu? in Ll sludy, stuﬂents'uauhlly fihd;

L problons Inlnrenling foisolee, 'lonre anll me 1f you Jave nny;

nueallans, : 4 . o _ .
Dy iwee foauiog ,Im—l.mml-{ }'hy‘sh-nl Aclense] ' '

“Muma kgt nke chuaope vnllnﬂn'd' pducslion, B : '
Motobunn, P/Hnﬁ * HG T i i -
GRORLIRSDAT, 047 i :

L3 ‘| .

Tel QP3-R8906004 !j :

DER=-R80037H oo . . _ R
: e S ' : '
ba I‘
i '
L
!
i "
i
] .
"}‘ : 'y
] :; '




(24)

R« 1)

Q)

o {8)

No:dd=t
(25) 125147 =1}
(26)  The time will change : 48 =1
h  0.6mfs: 8=
(28)  lem/s:39,79~12
{29) Laoxi0%-8m/s: G0 =1
100k : 61 =1
(31) . Veloeily changes: 72 =1
© (32 Velooily Is accoletating 1 75 =1
31 Noanswer: 8 10, 2}, 24, 27, 41, 42, 45, 46, 49, 50, 51, 54, 63, 68, 77, B=mi
. Total =79
23, (IyY3mfs: 1,3, 4,5, 15, 24, 26, 36, 42, 52, 53, 54, 64, 65 = 14
C 3en32,8,59,30=4
3 3N 6, 14,39=3 :
{4 - 0.75nvs:7, 12, 1B, 19, 22, 27, 32, 35, 37, 38, 46 47. 50, 58 = 14
(5) G2nvs 1 91 :
(6) 4nfs: 18 = |
(M nfsrll=]
12m/5: 13,17, 57=3
©y . lmfs: 16,51, 5677, 795
(1 - 30uws: 2021
Al 1200mfg 238
(I L0smvs:25 =t
(13)  086mfs:28=1
(9 12emfgril=1
{15 5SmfE:33.80=!
(l: 10mfs:39=1
(1%, 240 =1
(18) ‘bws:dd=]
{9 80mfs:id48=1
20y Uniform speed : 55 =1
{21). 0.007mf5:60=1
(3 Wmfs:61,Te=3
{2 39%2w/5:63=1
34y 1.25m/s:66,72=2
(33) Qs 67,70, =3
(26) 05/ 681
@7} 045869, 75=3
28  40nysTle=l . A
(29) No angwer: 10. 25, 34, 41, 43, 45 49,1 = a * Totnl =79

24, A4S, 14, 18, 21 24, 25, 31, 36, 39, 41, 42,43, 45, 47, 49, 50, 51, 61, 63, 64, 67, 68.71, =35

B8, 10, 16, 46, 35, 56, 60, 73,76, 77,78, 719, 80 =13 - :
11, 15, 19, 20, 22, 26, 27, 28, 29, 33, 35, 37, 38, 48, 53, 54, 57, 58, 65, 66, 69, 70, 74'25
7,12, 13, 17, 2L, 30, 32, 34, 40, 44. 52,784 . Tolal =79 '

32,9
1,6,

RO o



@

- ®

243

{24} No:dd=1
(25) 1,25 1471
(26}  The dme will change : d8 = 1
270  06nvs: 8=t :
(28) lomfs:59,79=1
(29)  166GxL0M-5m/s: 601
(30)  100km/h:6l=1
{3 Velocity changes : 72 =4
(32)  Velooily is necelerating : 75=1
(33) No answer | 8, 10, 21, 24, 27, 41, 42, 435, 46, 49, 50, 51, 54, 63, 68, 77, 78 ==}
Total =79
2.3; ) (l) 3“1!3 H 1. 3. ‘[‘; 5; 15| 24’; 26; 36. 42. 52, 531 54¢ 64t 65 = 1‘1
Jow/s: 2,8, 59,30 =4
™ - w4, 14,29=] _
# 0.75m7s: 7, 12, 18, 19, 22, 27, 32, 35, 37, 38, 46, 47, 50, 58 = [4
(5 0.2mis: =1
-(6) 4m/s; 78 = |
)| mfs: ti=]
Ymfs; 13,17, 57=3
(9) /s 46, 51, 36 77,79 = 3
(9} 30mfe:20=1
(5 1200m/s:23=1
12y LOASmfs:28=1
(i3) O86m/s:28=1
(14}  12emfgi31e=]
{15 Sm/s: 3380w
{16y 0mfs:39 -1
(A" Amfsidi=1
(8 Bfsidd=]
(19 Bl 48=1
{(20)  Uniforn speed ; 55 =1
a1 0007mfs: el =1
(22) 20mf2:61,76=2
(23 W2mE:63=1
(2d)  1.25m/8: 66, T2=12
25y Omfs:67, 70, M =3
(26 0.5mi:68=1
{3 0,45mfs 1 69, 75 =2 _
{28} 40mfs:71=] ' _
{29} No answer : 10, 21, 34 41,43,45,49,73=8 Total = 79 .

Ad, s, 14 18, 23, 24 25 31, 36, 39, 41, 42, 43, 45 A7, 44, 50.51 61, 63, 64,6? 68, 71,72~ 25
B : 8. 10, 16, 46, 55, 56, G0, 73, 76, 77, 78, 79, 80 = 13

C:2,9, 11, L5, 19, 20, 22, 26, 27‘28 29, 33, 35, 37, 38, 48, 53, 54 §7, $8, G5, 66, 69, 70, 74 = 25 _
D; L6, 71,12, 13, 17,21, 30, 32, 34, 40, 44, 52 7i=14 - ~ Tolol = 79

S W B kAR



0,15mfs:22=1
20mfs 27,61 =2
0.3m/s 3 32 = §
Gmifs: 38=1
40nvs+ 43, 69,71 =13

0.0075mis ;50 = §

uniforit ; 75 = {

 Noanswor ; 16, 41, 45,49, 77,78 =6 ‘Tolat = 79

2.2,

th
{2)
3
)
(5
()
-
M

0]

At 6% :

2m/fs ¢ 5, 17, 26, 31, 36, 53, 56. 65, 67, 72, 74, 76, 79, B0 = 14 uniform: 75 =}
Omfs: 12, 14,24, 73 =4
605169, 71 =2
2m/g:4, 11,2352, 70 = 5
1.5tn/s: 2,3,8,9, 105
0.008m/s:60=1
flanyy s 18, 19, 37,46, 58 =5
S/ 48=1
imfe:47=1
G0mfs: 43 =}
D3mfg 38 |
0.33m/8: 38 = |
Wh33mls: 25 = §
24m/s: 21w |
16mis : 20 = )
18mfs: 13=1 . .
No nnswver 1 6, 7, 15, 16, 22, 27, 29, 30, 32, 33, 34, 38, 30, 40, 41, 42, 44, 45, 49, 50, 51, 54, &5,
37, 59, 61, 62, 63, 64, 66, 68, 78 = 32 _ Total =79

2 Volocity after 5k

- Tooms L=l
Jom/s 13=1
Ohject is docelersting: 3=t
Veloeily Is constant ; 4, 12, 14, 35, 52, 55,56 =7
el S=1 ; _
/g 6,29, 36=1)
LGxi0Md 17 m |
Wl 76 .
ve0:9,17,30,38,39, 736

(1)  2em/s: 11, 57,65, 70=4
. (I . 600m/sh2 13w )
(12  -2m/s: 15,26, 33, 53, 64, 66, 67, T4 =8
{1 160nvs; 16=1
(14)  Volocily increases: 18= )
(15)  0DOImfs:19,28=2
(16} 1500m/s s 2 = |
(17 Will remitin same 122, 34 = 2
18y  Imie;23=1
(19y  O0.0I6m/e:25=1
U0 Idon'tknow: il 32w2
@2 0,03:37T=1
< {22y it
{23)  30UOm/S ¢ 43,69, 7) =3




APPENDIX E
-QUESTIONNATRE ANALYSIS QUANTITATIVE '
-(Bxample of the artalysis : the numbers shown are the codes allocated to tndvidual stidents)
NB ; Code 62 is not allocated.

r1,3.4,5,6, 11, 25,27, 35, 41, 58, 54, 68, 78, 80 = 15

+ 13, 18, 20, 22, 30, 42, 44, 45, 46, 47, 49, 53, 54, 55,65, 66, 7L, 75=18

1§, 12, 21, 24, 26, 31, 32, 34, 36, 37, 39, 57, 63, 64, 67, 69, 70, 72, 76,79 =20

11,7.9,10, 14, 15, 16, 17, 19, 23, 28, 29, 33, 38, 40, 43, 48, 50, 51, 56, 60, 61, 73. M,
TT=26 Total = 79

QL . 1l

DowE

46, 47, 50 58, 75 6= 10
18, 18, 25, 27, 36, 39, 43, 44, 61, 68, 69, 77, 78, 79, 80°= 19
15,

12,24,2
3 16,17, 21, 29, 32, 34, 35 37, 38,40, 41, 42 48, 49, 52, 54, 56, 60, 63,

8, 33,
tH L1 14,
' 3L567.10,

64,65, 70,7, 72,73 =131 :
: 1, 4, 8,12, 20, 22, 23, 26, 30, 31, 45, 51, 53, 55, 57, §9, 66,67, 14 =19

Total =79

o oWl

1.3 (1) Velacity vs Time,
' (1):2, 17,22, 26,29, 40, 4
- (Ui} 9, 14,23, 28, 30,34, 3
{til) : 16, 31, 32,35,37=5
(w) 13,56, 7,10, L1, 12, 13, 15, 18, 19, 20, 24, 25, 27, 33, 38, 41, 42, 4. 51, 53, 54, 56,
57, 59, 65, 46, 69, 70, 72, 74, 79 = 34
Mo nnswor ; 4, 8,21, 49, 75, 78 =6 Tolal =79

3,773, 76 =17

4, 45,47, 50, 55, 38,6
4. 39, 46, 48, 52, 60, 61, 64, 57, 78, 80 = 17

(2) Speed vs Tlme,
(hy: L, 5, 14, 19, 20, 25, 28, 30, 36, 39, 31, 36, 67, 69,70, 72, 74,75, T1=19
{ii): 11,12, 13, 18, 22, 23, 27, 33, 35, 43, 47, 63, 73, ?9 14
(iliy: 10,15, 40 =3
() 4,7,9,24,29,32,68 =7,
Noanswer 2.3,6.8, 16, 17, 21, 26, 3L, 34, 37, 38, 41, 42, 44, 43, 46, 48, 49, 50, 52, 33, 54, 55, 57,
58, 59, 60, 81, 64, 63, 66, 71, 76, 78, 80 = 36 Talat =79

Q2. 2'! (1) 23,28, 42,44, 51 =35
- 1) 1 35, 43, 46, 58, 60, 61,67, 78, 79, 80 = 10
(iH} 19,5, 8,12, 17, 20, 21, 29, 30, 31, 36, 37, 41, 48, 30, 52, 53, 55,63, 72, T4, 715222 -
(v) £ 1,2, 4, 6,7, 910, {1, 13, 15, 16, 18, 19, 24, 24, 25, 24, 27, 32, 33, 34.38. 39 45 47
49, 54, 56, 57, 64, 65, 66, 68, 69, 70, 71, 73,76, T1 =39 o
No answer ; 14, 50, 59*-3 Tolal = 79

2.2.1 Aldgsee:

Imfsi 1,4, 5,77, 15, 34, 26, 31, 36, 47, 52, 33, 54, 36, GS 16, Sﬂﬂl?
Jon/s 2, 6,880,638 _

0,75em/s 1 8, 8, 19, 23, 23, 28, 35, 37, 46, 48, 50, 58 = 12

[.25mfs: 10=1

2m/s ; 11, 29, 34, 44, 51 58,587,668
_Omvs s 12, 14, 67, 76,72, 73, T4 = 7

Clane21 3= .
2mis ! 3,30, 33, 39, 40,42, 64,68 =9
Hmfs: 20=1
18212
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2.1, Picture understanding (N=39)
1, 2, 4, 6, 7, 9, 10, 11, 13, 15, 16, 18, 19, 22, 24, 25,

. 26, 27, 32, 33, 34, 38, 39, 45, 47, 49, 54, 56 57, 64, 65,

66, 68 69, 70, 7i, 73, 76, 77.

2,4. BSpeed/time graph'(N=13)
8, 108, 16, 46, 55, 56, 60, 73, 76, 77, 78, 79, BO.

Question 3.
3.1 _Picture of the ball, (N=23) o
5, 9, 10, 15, 17, 20, 22, 24, 32,39, 41, 43, 48, 52, B4,

B, 61, &3, 65, 70, 72, 72, 75

3.2 Places of highest speed {(N=1l}. _
2, 4, B8, 13, 15, 18, 19, 33, 65, 62, 73 = 11

3.3.1 Vector half-way (N=25)
4, 5, 6, 8, 9, 11, 12, 15; 24, 29, 30, 28, 39, 41, 43, 45,
4%, 48, BB, 5%, 60, 67, 7y, 73, 76,

3.3.2. Vector when ball ls caught.(N=2?}

4, 6, 11, 12, 15, 16, 16, 21, 26, 23, 29, 30, 38, 39, 43,

45, 55, 56, 58, 59, 65, 66, 72, 73, 74, 758, 76.

3.4, (a) Graph (epeed/t) (N=18)

4, 10, 14, 47, 22, 37, 37, 54, 55, 65, €7, €8, 70, 76, 77,
78, 79, 80. S |
{b} Graph {velouity /) (N=1B} _ .

4, 10, 17, 18, 19, 22, 23, 24, 29, 30, 42, 47, 56, 58, ©3,
64, 66, 7.
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172.5

. Since it is zero, onr graph is going 10 be Like

this. No more here.

173.L

174.8.

{75.],

176.8.

1771

178,85,

179.L

Where is it?-

When it s at rest,

Sa is zeia gl the top?

Yes .It WieRtis 110 mnllén al the top, when the ehild Is at the top thers is nio motiow,

"There 1§ o motion .., means, does it mean It 15 at rest overy swhere? (Jokingly).

didn"t Ik aBoul whes H goes bazkwnrds dgain,

Yes, OK, Thank yon vory mugh,

Figure: B1's velociy-tinie graph of the motion of the swing,

Bul how ean [ go with lhc graph of this? I think the geaph will bo 0s o siraighl e bovause we

RS g




1530,
154.5.
155.1.
186.5.
1571,

158.8.

159.L
160.8,

1601,

162.8.

163.1,

164.8.

165.1

166.8,

167.5,
168.5,
169.1
1.8,
1701,

At tids point and at this paint, These are ihe poinis al the lop.
Arc at the top?

Yenh, what is the veloeity thera?

Zera, |

Yos, when it moves drav the speed-time praph,

Dy o specd-titme graph for the clild on the swing, {He ronds). For the child on the swmg Bul
I'm not sure about (his

Try, hobody s sure of anviling, {There 1s & Jnuglior), Ywh
le chilrl' on 1l swing has a speed of zero al the fop, [ think., (He draws),
All right let vs lry s Q.5. b,

el
Ld

Figare o delime 'graph of the rofiou of the sying

Drnw {he vehi- k-~ 16 geaph of (e motion of the child on the swing, Hese I don't uudersumd
whore [hey say ze.to, at the top or whera,

Well zsto, aclunlly ihis is the samie question, thers it was spead and liero you hava 1o talk about
velocity,

Oh, tbout the velocity, Yos, 5o speed gocs hand in haud with velocity, {lie dlf[‘crencc in direction,
I (hink we nre golng to have (he same sketch.

Ag specd? Why do you think the same?

Veloolty i# the, our veloclty {s zerg ..., I think the velooity liers i is zero, when the spaed is zoro, is

. when tho olject is a1 rest,

Humun, 50 when (e swing is af the top,
At the top? Is there al rest aud Iz going 1o coms back again,

Com homm,

“This one is chaflenging!

(A taughier) Is challonglug. 1 tink try,




153.L

154.8.

1351

156,58,

157.L

158,8.

159.5
- 160:8.

”]61,[.

llﬁz.s.

163.5

164.8.

165.L

146.5.

1671,
168.8,

- 168

1708,

1711,

Al 1his point and al this point. These are tie points a1 the lop.

Are al the top?

- Yeal, what is (he veloclty there? . -

Zeto,
Yes, when it moves deasy the speed-time graph.

Deaw # speed-lime graph for the child on the swing (e reads). For tha chlld on thie swing. Bul
[ not sure about (his,

Try, nobody 18 sure of anylhing, (Thete is n laughler), Yeah,

“The child on the swiig g o speed of zero at the tap, I think...(He draws),

All right let ug Lty this Q.5. b.

Figure: Speed-tino graph of the motion of the swing

Draw the velocity-time geapls of the motian of the &hild on the swini, Here 1 don ! un.clcrstanci
where they say zero, at the top or where,

Well zaro, actually this is the same questlon, thore 11 wag speed and here you lave (o tatk about’

_ valuily.

Oh, about Lho veloeity. Yes, so speed goes hand in hand with veloelty, the difference in direction, '
I think we are going 10 have the game sketeh. .

Abspoed? Wy do you ihlak the sime?

Velociiy is the, our velocily is zota ..., 1 think the velocity here Is zero, when the spce:l i 2010, is
whien the objoct is ot rest, .

Humm, 50 when lh:: awlng Is a1 the top,

Atihe iop‘? Is ihetc at rest and is gdtng 10 come back agaln, '
Oom huntm, |

This one 18 challenging!

(A lnughicr) s chaflenging, { think tey..



" 1354,

1368,

137.L

138.8,

1390,
-140.8.

1414,
142.8,
431,
1445,

5L

146.5.
7L
1485,
o1,
1508,
1511
1525,

Then velocity-time graph,

Velocity- hme grapl. Titis one from zero, no 1 think this one can represcnt dlsplacement. yes
ihink..., no..,, *C" i5 correcl,

OK, what can you (ell about this part of the graph? This means suppose 1 say CBA, and ask
about BA,

In fact here is whers the ball stops and (urns back again,

TN,

Figure: BL's geaph of it motion of the ball tirown upwards '

Yes.

Velocliy-lime gtaph, velocily 1s a veclor quatstity, it has both magnitnde and dissotion that is why
here is our graph 1o see, 1 can say if the negative Yeasis, the ball came backwards {he upward
movewment fs positive and the downward movement is negative, -

So what part is BA representing?

What part, actually BA (his patt. Actunlly BA reprersnts the downwards moﬂon

Thank you, now tead ltus one.

A child on a swing hns a speed 0 m/s ui the top, (Tntecviewer illusieates with a sketch),
{A)Draw a spoed-time praph fof the child on 1he swing. So ths'child on the swing hasa ...,

Have you seen & swing?

No, I think,... _

Comne on, you ficople hang ropes [rom a branch of g trec .nncl children go like ihls,
Yes, yes | undetstand (he swing, but 1t is at zero velocity, the swing aclually ...,
What is the velocity al the top/ | |

No, Is zero. 'The velosliy whera?

Here, '

Hurg? .
Top

.li‘lgm_'e: Path of the swing
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Draw the veglor ﬁf the veloctly white the ball is cought. Meaning when the bald returns,
Yes, can you explain ti.- direction and the magnitude hore?

Thoa direction is when it came down and this one {s out magnitude.

Hotv do [ know that this Is e magnliude? |

We are mﬁ given the units.

Oumm humm,

Figure: B1's vector of the velocity wheh the ball is caught back
No the measurements, '

You don’t huve the measurements but you can be able to say that wiilcl parl of the lins represcnts
the mapgnitude, that 1s important,

: What part of the line mpruscnts the magnliuda? Thls part here,

What do you call that part?
The patt which represeits the magnitude? This one I'm not suze, I'tu xot told about this,

All right lels see this oito,

*Study the following graphs nnd answer the questions asked.

Yes,

All of them are the velacily-time graphs, The gradmnt of the velocily-ﬂma grapll represanls (Hc
repeals as i leying to recollect something)

Here is specd-time graph and velnclty -time praph.
OK. Which one of the above besl rcpresenls the ball {hrown upwards Spaed-tinu': graph,

* firstly the speex] does ot have direction, you are going io consider the magnilude.

Let vg see in the graph,
A; B, C, Lu(mutiers), Ithink *B* Is correct, Sinca....
OK write down here,

Is it 'B'? Iniflal velocity high, No it is A’ because il nmns with 2 hlghar ve]umly and ns it poes

" up the geavimdonal force acts against it, and it starts to deotease as 1l goes upwards, then slops

nad then comes down agaln, ‘A’ is correol,
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What?
What do you think about a vector?

By the word vector, Vector jn fet includes two things 1e, direction of the mofion and the
magnitude, :

QK.
Yes.
Are you sure that this represe.s the motion?

The velacity of the stone when It goss upwards halfivay. Yes, T think so.

“whiich paet represents the magnitude here? -

Whic!i part represent § the ...

‘Magnitude in this, what you have drawn,

'This parl rapfesennts ihe magnitude, even if you are not given, I mean you don't know the
magnitude and thig will represent (he direction, ' '

I e Suppose [ say, 4 force of 5N is seting 30 degrees from (he norih, Can you draw i,
A force of ... SN s ... _ _

Acti'ﬁg 3_() degrees from {he North.

30 dogreas? Aain_m 30 degrees to the horizoninl? You are nol given....

I'm saying 30 degrees from North,

Okt from Nerth, 30 degress, acting 30 degrecs,

From Noith, can you draw i1?

Figure: B1's vector of the force 5N at 30 deprees from North
30 dugrees Trom ttorth, the foree is 5N, (He draws) :
Yes, whigh is the angle, and which ole represents the SN?
{Indicntes Lo drawing). This is the anglo and this pnrﬁ_ i e SN, -
OK, .L'et ug ses this ane. o | |
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Yes, Aa, when it poes upwards, in facl, how can I explain this? From the thrower's hand, few
meires front the theawer's hand wpwards . When it veturns backwards again ok the same level, is
whare (e bell 1§ going 1o have the highest speed,

Yes.
Yes.

Aii righ let gs contims,

Yes to »xplnin whers the ball is going ta have » lighest speed?

Y. |

Can I draw here?

Yes, that is for that ..,

T can represent nty molior as ..., e draws), The ball Is going (o have the highest speed, from

the one wha s throwlng it wpwards and then beeguse of the foree of the gravily it will decrense,
the faree of gravity will deerense the speed oy veloclty of the stone because it acts against it.

Figure: B1's uaderstanding of the speed of the bali thrown upwards under gravity

Hum, '

Yes and thon the volocliy is going 1o decrease until it reaches at é.ero. and at zero i Is going to -
relutn back agatlu, and from zero it Is going to Incredse, and Increase ngain when it comes (o the
thrower's hand,

Yes. OK thank you, Yes here (showing the next question),

{Regds), Draw the vector of (he velooity halfway going up. (Repouts) At halfway going up.

Hum,

~ Wigure: B1's vector of the velocity of the ball halfway up
At liolfvny goiug up. The vector of the velosity, siralght upwurds a Imlfwny,

{interruption) What is # vector?
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