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ABSTRACT

The purpose of the research was to investigaie South African teachers' understadings of
Newton'’s third law of motion, and their porcepﬁons. regarding the -teacfiing ofit. The treatmenf
~of the law by South African, British and Americaii textbooks was also examined. - Teachers’
ideas were im_fés_tigatgd qualitatively by interviewing sixteen teachers and tezz-'*h'ersfin-traifiing.
 Alternative ideas found by other fesearchers were evident in some of the interviewees, and
further a;"rn'ative' ideas wer: uncoverer The research showed that the form in which -

teacher stated the law correiated to their understandmg of the law. Furthermore, experxence

in teachmg the law can result in 1mprovcment in the understanding and/or teachmg methods o

of & teacher. American texibooks contain the best presentation of the law; South African
textbooks are adequate itr their treatment, though containing errors. Recommendations have_
_-been made regardmg teacher traming. textbooks a.nd educatlon department pohcy
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NEWTON'S LAWS

Newton's laws of motion and gravitation'can_ be stated in a number of ways.

What follows are the . crred formulations of this researcher.

- Newtons First Law of Motion (NEWTON I)

' If the forces on a body are in equlhmum, it will ccmtmue in its state of rest or

constant speed in a straight line.

Newton's Seoond Law of Matida WEWTON oy o

If there is a resultant force on a body, it will accelerate in the direction of the
force. The magmtude of the acceleratton is directly proportlonal to the
magnitude of the resultant force, and inversely propor*xonal_ to the mass of the
body. o | | |

) 'Ncwtoﬁis Third Law of Motion GVEWTON Wiy
When one body exerts a force on a second body, the second body exerts a force

- on the first body which is equal in magnitude and opposite in direction. |

Newton's Law of Universal Gtavitaﬁon wLUG) |
Every body exerts a force on every other body. The m'agnitude 'of. this force is
- directly proportional to the product of the _.rnaSses- of the two bodies, and
" in#ersely proportional to the sc'[uare' of the distance between their centres. |

xi




CHAPTER ONE
N 'RES_EARCH DESIGN

_Accogghng 1o Newron ] thlrd law of motion {hereafter referred to as Newton 15, if one body

e ;xerts a force on a second body, the secend body exerts a force on the ﬂrst which is equal in

| magnltude but’ opposlte in direction.” Another way in which this is commonly {thou\vh
| mcompletely ) stated is "for every action there is an equal and opposite reaction™. This seems
': . smfghtforward enough, yet the application of the Jaw turas out to be rather dlfﬁcult for people
- to undsrstand. A common problem arises with the horse and cart example: if the cart pulls
| B back on the horse as stréﬂgly as the horse pullé on the cart, how can the cart ever move?

E :Reée:arch (see cﬁaptér two) shows that even after being taught Newton's three laws of motion, -
| students tend to employ alternative ' common sense ideas in 1mderstanding the forces acting
'lon__two such interacting bodies. “'his prompts one to ask whether teachers apply Newton 111

o %j*_;.imderstanding the forces acting on two interacting bodies, and whether they undersiand the

bfbbléins which students have in grasping the law. One also wonders whether the textbooks

‘which are used are accurate in their presentation of Newton III, and pre-empt difficulties
sufficiently. The aim of this study is to throw some light on these areas,

i.i. RESEARCH QUESTIONS

In the South African context, Newton Il is dealt with in physical science, ‘which is a0
integrated study of physics and chemistry, Speciﬁc_ally. it is taught in Std 10, the twelfth an.d_
final year of school education. Thus this study looks ét Std 10 physical science teachers and
- textbooks. The following questions were investigated: ' '

1. What are South Afican Std 10 physical science teachers’ understandings of the
application of Newion ITf to interacting bodies? |

2. What arg their perceptions regarding the teaching of Newton HI?




3. How cloes the tréatr_nent.of Newton IIl in past and cument South African school -
textbooks compare with that of British and American textbooks at the same level?

1.2, TEACHERS’ UNDERSTANDINGS AND PERCEPTIONS _

In order to answer the first two questicns posed in section 1.1, the ideas of some teachers and

| tcé.cheré—in-trairrmg were sought. Since understanding and depth of ideas were ieqttired‘ A

- qualitative approach was adopted. Irite_rviews . «<re chosen as the best method of investigating
ideas, since the ..searcher can theu "access the perspective of the person being interviewed.": .

| -{.Pattqn, 1990:278), Responses can be probed for fuller meaning, and. other clue's_sqch as
pauses and: tone are also avai_lable_ for interpretation. Ericsson and Simon. {1980} a'rgue'_'that' .
iﬁtefview data compares ‘well with numerical and written data in terms of its validity and "

usefulness.

1.2.1. Interviews |
 Since the résearcher was not an experiénccd- interviewer, a well developed interview guide
{Appendix 1) was necessary. This guided the interviewer through the interview but was not
rigid or exclusive, The tntérviewé—ABout—Inst&uces membd developed by Gilbest and Osbome
(1980) was used to find out the extent to which the interviewees actually used Newton Il in
understanding particular situatiohs. This méthod involves showing the interviewees cards with
illustrations of "inéfanaes"'(in this case, instances in which Newton III applies) and the: askiﬁg
them questions about the instances. Other questiohs were also asked, to find oni more about
the interviewees' 'un'défstanding as well as their idéas on the teaching of Newton III in the
classroom. In order to refine the interview guide and interviewing technique, some piloting

_ of the interview was conducted.

A cé.ésette recorder was used to capture each interview, Thereufter each tape was listened to,
to recall the interview it represented, and transcribew., Transcriber reliabiiity was checked by
working together with a ﬁol[eague on four of the transc:‘ipts.._ Kvale (1988) makes the pdint
that interviews are living conversations, with transcripts merely the means by which interviews
are evoked for analysis. Thus the tape-recordings were regarded ay the data, with the

tranccripts seen as a means of recall.
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Each transcript' was- annotated to enrich the meanings, and_ then'_ interpreted as to the
'_ | understandirigs and perceptions of . interviawee The main features of gach transeript were
| summarisad. The transcripts were then considemd together, to identify patterns and themes.

'_ _Miles and Huberman 5 (1984} suggestion of using a type of matrix to do Ihls putting similar

B '__mspense_s to ¢ach question together - was employed. |

122 Sample

- 'The mterv:ewees werg purposively drawn from the following populations
e ) physical sciencc teachers in and around Johannesburg who were willing to be
- 'mtewwwed and" '
o - " Teachers-in-training in their final year at the University of the Witwatersrand and at
R the Johannesburg College of Education who have physical science as one of their
teachmg subjects. ' '

- In all, nine physical science teachers, and seven teabhers-in—tzéining wéne interviewed. The
. interviews were copducted over the penod August - October 1994 wnh each interview set up

. &t a time and venue convenient to the interviewee.

1 3 TEXTBOOKS _ _

To answer the third research queshon, ten South Afncan physical science school textbnoks,
well as textbooks from the UK. and the U.S.A. at a similar or first year umversity level, were
~ used. For each, the form of statement of Newton [II was looked at, as well as the exf— lanation
and examples, Through the use of tables, Jimilarities and differences amongst each group of |
téxtbooks? and between groups were identified. This gives an idea of the adequacy or
otherwise of each textbook. '

14. SUMMARY OF DESIGN _ _ _
The research was designed to answer the three research questidns (p 1) through '_two main
branches | |
- INTERVIEWS (Questions 1 and 2)
Nine teuchers and seven tcachers—m~training were interviewed. Question 1 (relating to
the understandings of teachers) was addressed primarily through the method of



Interviews-About-Instances, whilst question 2 {relating to the perceptions of teachers)
was addressed by means of other questions, A pilot study was conducted, and the
interviews were transcribed and analysed. | -

- TEXTBOOK ANALYSIS (Question 3) -
Ten South African Std 10 physical scicnce textbooks, as well as some British and |
Ametican Physics textbooks were analysed in terms of their presentation of Newton IIL.

Th_e textbook an_alysis (chapter three) is presented before the interview analysis (chapter five)

~ as this alfows referenée to be made to the textbooks in the discussion of the interviews. A
: nevi'e'w' of relevant research isbresented in chapter two, Chapter four contains details relating
_' t the interviews: the profiles of the interviewees, and discussion of the mlemew structure,

pilot study, and transcription, The analysis of the interviews is gwen in chapter five, In
chapter six, the results of the analyses are drawn together, together with recommendations. -



' CHAPTER TWO
REVIEW OF RESEARCH

Central to Newton's third law of motion is the concept of force. It is t-hus useful to first -
consider the historical _develc:pment. of this concept, The next step is fto review research
- relating to the ideas which students have about fdrce,' followed by a look at research which
focuses speéiﬁcally on students' idegs relating to Newton IIl. What will emerge is that
traditional teaching methods are not very.effective in conveying the concept of force or the '
meaning of Né.wton I to students, and so altemaﬁve téadhing strategies '.need to be considered
- first broad énategies concerned with teaching mechanics and then suggestions specific to
Newton III, The last step is to consider research relating to science feachers and textbooks.

2.1. DEVELOPMENT OF THE CONCEPT OF FORCE

The development of scientific concepts is a curﬁplex proces;s, in which many players make
_ contrib_utions; some larger than otheérs. What follows is a very brief overview of the
development of the concept of force and related concepts. More detail may be found in.
Pranklin (1976) and Stinmer (1994), '

In eé_eryday experience, it 18 generally necessary to exert a force if one wants fo keep a body |
moving'. This led Aristotie (4th centuty B.C.) to conclude that the motibn ofa body depends
on the force exerted on it, as well as the resistance to motion provided by the medium in
_which it moves, His ideas can be represented in modern idiom by the equation

o _ vuF/R _
whete v is the veloeity, P is the force exerted, and R is the resistance of the medium,

This relationship impl_ies that motion in a vacuum is _impo'ssible:(since v would be infinite if -
- R were zero). Thus Phi'iop'onus (Sth century A.D.) modified it to & relationship which can be

represented by | - |
| voF-R -
~ which allows for motion in a vacuum. Whereas Aristotle had explained the motion of




projectiles in terms of air movement, Philoponus referred to an "impressed force” imparted by
the thrower, which gradually dissipates. Similar ideas were held by Arab thinkers, such as

Avempace (12th century). .

Buridan {14th century) saw this impressed force or "impetus” as proportional to the mass and

velocity of the body: o o |
S | Tmpetus & my o

This foreshadowed the modern concept of momentum, but is different from it ihsofar' as

‘impetus was seen as the cause of the miotion, whereas monﬁenmm is, inere_ly a property of &

moving body. Buridan also suggested that i'mpetus could be permanent in the absence of =

resistance. Galileo (1564-1642) built on this idea, but started to see impetus as an effect or

measure of motion rather than a cause.

Galileo came close to the concept of inertia, but it was Newton (1642-1727) who realised that
an object does not need a force acting on it to continne moving. He realised a body at rest -
” is equivalent to a hody moviry -"ct'cons'tant velocity -t depénds on oné‘s frame of reference,
However, his realisation was ot instant: he too startéd by thiriking in terms of impetus, a
quantity which he saw as transferable between bodies. He also had to work hard to unify his
understanding of force in different situations. Newton's final idea of inertia is expressed in his
laws of motion {p xi), which are true in all inertial (non-accelerating) frames of reference. To .
determine whether frames of reference are in_ertiél, oh_e needs to compare them to a single
stationary frame of reference somewhere in the uniﬁerse - this frame of reference is called

“absolute space”,

The research of this report is concerned with a Newtonian understanding of the world, but it
is worth noting that Newton did not have the last say on forces. Einstein (1879-1955) pointed
out that the situation of someone in an inertial frame of reference on earth is equivalent to that
of someone in in accelerated frame of reference in space. Hlis theory of General Relativity
eliminates absolute space as well as gravitational force, by treating ail'frames of reference as
equivalent, and seeing space as distorted around Eodies with nass, o



- 2.2. STUDENTS' IDEAS ABOUT FORCE _ _
" The first time students encounter the concept of force in science, it is defined as a push or pull
;scting on a body. This seems simple_enough. yet it appears that a fuli understanding of the
concept is not eaéily attained. Researchers have tried to ascertain what student understanding -
of the term is. | o

2.2.1. Supply of force notion _ |

Viennot 11979) used open-endew guestions to investigaté-Frem‘h Belgian and British school
and umversnty students' ideas about the forces on balls.in free fall and on masses suspended
from sprmgs The report does not dataxi how much physics the students had studled

‘information which has significs, - - -~ the results - thxs lack is fmmd in a number of the
reports reviewed in this chapter,. . ot the students had essentially two notions - |
- of force, The fitst coneurs with the GG s . of a force acting on a body, with an effect
givenby o .
S P =

where mis the mass of the body and a is the acceleratlon which 1t experiences. This equanon
expresses Newton's second law of motion (p xi).

| The second is that of 2 “supply of force" contained in a body, which is perceived as necessary
for a body to keep on _movirig with a velocity v, according to the relgttionshib '

F=kv | | |
where k is a constant. Tt is this latter intuitive but incorrect.'notion of force which researchers

have focused on.

The above relationship implies that there is always a force in the chrectlon of motion of a
bedy. Clement (1982) found that 88 % of pre-physics American engineering students indicated
an upwards force on a diagram of a tossed coin. Similarly, Mwakapenda (1994) found that |
10 out of 12 South African students in the College of Science at the University of the
Witwatersrand indicated a force in the direction of motion of a cannon ball tfavelling.tipwards.
~ Van Hise (1988) found that before instruction, 79 % of an American class thought that the
driving force on a car moving at constant veloeity is greater than the retarding force. (After
she had taught them, this figure was only reduced to 67 %, which gives an indication of the



pemstence of the idea.} She also reports on snmllar fi ndmgs with Japzmese high school
students.

The "rules” of a "common-sense belief systern of force are spelt out by Champagne, Klopfer
andAnderson (1980:1077) who investigated the ideas of American collegu students enrolled
for a physics course, two-thirds of whom had done high school p_hys:cs.
- a force applied to a body produces motion, a constant force producing 2 constant
velocity proportional to the foree; o | |
- acceleration is due to increasing force; and

- in the abaence o’t forces 4 body is at rest of slowmg down.

_ Accordihg to such a belief system, rest and m.-.sfant.veioci’ty -are__not'equ_ivalent situations.
Ueno and Atimoto (1993) explain that studeﬁts cannot _'see the equivalence bécause they are |

accustomed to working with only one frame of reference: that of'the' earth. In everyday
discourse, this is the assumed metacontext, for example, peoplu refer to a car travelling at 60
km/h, and the frame of reference is understood to be the earth,

-Champagne et al. (1980) remark that students’ ideas are similar to those of Aristotle, though
| not as well developed. Halloun and Hestenes (1985) dispute this, claiming that students ideas .
of force are more often closer to the medieval impetus theory (described in section 2.1, p 6),
They found that before instrulction.' 65 % of 478'Ameﬁcan college physics students held
impetus-type ideas, whilst only 18 % held jdeas best described as Aristotelian, with the
remaining 17 % holding Newtonian ideas. But they also note that there were inconsistencies
in the students' ideas - students' ideas lack the coherence of well developed theories.

'2.2.2. Confusion between concepts | |
~There is also a measure of confusion between the cbncept of forcé and other related concepts, -
Watts and Gilbert (1983) found through the Interviev#s-_About—Instances method (described in
section 1.2.1, p 2) that some British 4th - 6th form students used the concept interéhangeably
with that of energy. Halloun and Hestenes note that “students are prone to use the term
"force” for a variety of different concepts” (1985:1059), Watts (1983), who intervieWedIIE
British schoolchildren (aged 11 - 18 years), gives some of these: velocity, momentum. energy



and pressm'e as well as unscientific concepts. Jordaan reports on confusion amongst South
African: 5td 10 students of the concepts of force, acceleration and velomty. with students
making statements such as "force of gravnty, g=10 m/s = air friction” {19932:86).

| Thxs confusion is not su:ﬁrisingi_ Hellingman (1989) points out that Newtor: himself. Iha'd
difficuities with the concept of foree, and spoke at one time of inertia as an innate force of
matter which is only exerted when another force acts.

2.2.3. Inanimate objects

Another difficulty which has been 1dent1ﬁed is that of appreciating that inanimate objects can

o exert force. Minstrell (l 982b) found that about half of a pre-physics American class saw no -
reason for a table to exert an upwards force on an object lying on it: they saw the ta_ble as

 simply "in the way", Terry, Jones and Hurford (1985) report similar results with British
students who had not yet been taught Newton's first law of motion. They found in discussion
that the students could not see how an inanimate object could exert a force,

2.3. NEWTON m

The above studies have focused on students' understanmng of the effect of forces acting ona
body. This is the concept of force embodied in Newton's first and seconsd laws of motion
(Newr.dn I and Newton II) which deal respectively with forces in equilibrium, and forces not
in ethbnum {p xi). Terry and Jones {1986) and Brown (1989) note that in fact most
investigations have tended to focus on Newton I and Newton L. However, Newton I
broadens the picture to include the forees exerted by bodies - it draws attention o the fact that
forces are the result of mtemcnons between two bodies, with both bodies experiencing an
mteracuon equalily,

~ In studies which have focused on Newton III two wrong ideas come through strongly: an
action-~reaction (i.e. Newton Ui} paif of forces can cancel, and bigger, faster bodies are more
“forceful", so can exert greater forces. Each of these ideas will be looked at m fum. After
that, some alternative ideas pubhshed by McClelland will be dlscussecl



'2.3.1. Action and reaction can cancel
Viennot (1979) found that students who had been taught Newton III accepted that for bodies
at rest, the action force equals the reacnon force. However, for moving bodies, they believed
that the action exceeds the -reactmn._ or vice vcrs&, such that the ' r&_:sultant force" is in the
 direction of motion. Similarly Jordzian (1993b) found, using a multiple choice teét. that 46 %
of 259 South African students who had been taught Newton’s laws of motion believed that
Newron Il only applies to bodies in equitibrium. |

Part of the _pmblerri seems to be. that sn:tdents'dd not appreciate that each force is exerted on
one object by another, and that only the forces ekerted on an object affect its motion. Ueno,
Arimoto and Fujita (1990) describe this in terms of each fur#e involving an agent {which exerts. _
thq-_ force) and a patient (which experiences the force). When students study Newton II, they - |
“focus on one patient with a number of agents, Ueho e: al, claim that problems arise with |
Newton IIT because students continue to think i m tenns of only one patient, and furthermore

cannot Se€ voW & patient can also be an agent

Terry and Jones (1986) found that most of & sample of 39 British students who had recently
- done "0" level physics did not appreciate that the forces described by Newton Il act on two
different bodies, Instéad, they tended to identify an équal and opposite pair of forces acting
‘on a single object as an action-reaction pair. So, when askéd to give the reaction force to the
_ wéight of a pefs_on, the studerits mds_tly gave forces such as that of the floor on the person.
For the reaction force to the weight of a falling stone, they gave air resistance, Tetry et al
{1985) note that having been introduced to Newton III many students simply invoke it as a

reason for static equilibrium,

Simifarly Jordaan (1993b) found that 37 % of his sample -(descﬁbed above) gave the two forres
on a book on 8 table as an action-reaction pair, and Helm (1978) found in a multiple'choice
test that only 53 % of 460 South African students recognised that these are not an action-
reaction pair. Talisayon {1992} reports on research conducted amongst school students and
~ university students in seven Asian countnes Shie notes smnlar confuswn about action-reaction

pairs in all of the seven countries.
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.Maraxs and Jordaan (1991} used the interv1ew~About—Instances method (described in section
1.2.1, p:2} w;th 117 South African Technicon smdents most of whom had Studred Newton's
laws at school They found that the students tended to not mention the reaction forces when
asked to 1dent1fy the forces acting in 31tuat10ns Moolla (1989) reports on similar results with

South African school students

Nor ate such problems limited to students. Hellingman__clai_ms that:

" not ontly students but also professional physicists to quite Iarge extent do not
have a full unde:smadmg of the concept of force" {1992:112)

He supports this by quotmg from an article in an electronics periodical, wheﬂe the author

asserts that actlon and reactlon balance

Gordon, in a book'. intended as a 1mi§refsity student resouree (The New Science of Strong
Materials), uses Newton 1 indorrectly | He uses it to explain why oné does not fall through
the floor, implying that the push exerted by a person on the floor is cancelled by the pusn
which the floor exerts on the person. He goes on to say mallcs added) )

"Again, the wind blowing where it listeth, pushes on my chimney pots, but the
- chimney pots; bless them, push back at the wind just as hard, and that is why
they don't fall off. *11968:27)

This is blatantly incorrect; the reason that the chlmney pots remain stationary is because the
- force of the chimney on them opposes the force of the wind on them Forces exerted by the

chimney pots on the "wind" have no effect on their equnhbnum

2.3.2. Bigger and faster bodies exert gmatei' forces |

Brown (1989) reports that 78 American final year school students who had taken phyéics
answered Newton III multiple choice quéstions correctly only 44 % of the time. He conqluded
that they tended to see the force exerted by a body as a property of that body rather than as
an interaction. Thus a moving body "has more force” than a stationary one, as does a heavy
body compared fu a light one. Brown found that 85 % of the wrong answers given reﬂe'cted' 2
such a "forcefulness” concépt. Note that this idea is different from the "supply of force” idea
identified by Viennot (section 2.2.1, p 7): the "supply of force" idea is invoked to explain why
a particular body continues to move, whereas the "forcefulness” idea is used to detennine'the'

 size of the force which a particular body will exert on ofher bodies.
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Maloney (1984) investigated the reasoning péttems_or rules which American college students
(80 % of whom had done physics at high school) used to determine the lreiativ.e magnitudes
of the forces exerted by an interacting pair'of bodies. He investigated the rules used by the
stuclents in understandmg all permutatlons of two blocks of equal/unequal mass either
stanona.ry or being pushe 1/pulled at constant veioc;ty/acceleranon Of the 68 students who had
done col!ege physics; only 6 used the "all equal” rule (i.e. the forces are equal regardless of
the bodies’ motion). None of the 44 students Who had not yet done phfsics at college was able
to answer correctly. Overall, 35 % used mass &s the main determmmg feature {ie. a bigger
mass exerts a bigger force) whilst 28 % saw the block whtch ‘caused" the motion as exerting
a greater force than the one opposmg it ' | '

Interestingly, 35 % of the students applied Newton I]I_.at rest only, whilst 17 % applied it only
1o situations of no acceleration, This indicates that some of the students had absorbed the
. content of Newton I (ie. that rest and constant velocity are equivalent situations), but had failed
to make the distinction be_tweén the forces exerted on a body and the forces exerted by 2 body.

A similer _invf:sﬁgation which looked also at blocks on slopés and in water was performed by
Boyle and Maloney (1991). Not one of a group of 48 American pre—physics college students
(irrespective of whether they had done high school physics) used the "all equal” rule in a
diagnostib test. PFurthermore, only 28 % of a similar'group who received a thororgh |
explanation and examples of Newton III with the test used the "ail equal” rule.

This 'difﬁculty. of transferring a statement of Newton Il into practice is reflected in Jordaan's _
resuits (1993b). 88 % of his sample (described in section 2.3.1, p 10) claimed to understand
the statement "If body A exetts .zi force on body B, then ..", and 93 % agi*eed with the
- statement "“The action and reaction forces have the same maguitude”, Yet in the same test,
only 36 % thought that the gravitational forces exerted by a 20 kg body and a 40 kg body on

each other were equal in magnitude.

Interesiingly, most of the 3% % who felt that the 40 kg body would exert double the foree of
the 20 kg body justlfied {his in terms of Newton II. In other words. lnstead of interpreting

Fma



as applying to a force exerted on a mass m, they had interpreted it as applying to a force
- exerted by the mass. The'latter interpretation fies in well with the "forcefulness” idea.

2.3.3. McCIeIIand ideas

In a journal article u-omcally entitled "MIs..onceptwns 1t mecha.mcs and how to avoid them",
_phystcs lecturer McClelland states Newton Il incorrectly, using the term "resultant force"
instead of "force”:

"If one- body experiences a resultant foree another body must expenence an
~_&qual and opposite resultant force.” (1985:160)

Even xf the action were the only (and hence resultant) force acting on a body, lhere is no
gu&rautee that the reaction is the only force acting on the second body.

It is not that McClelland uses the term “resultant foree” in a non-standard way: elsewhere in -
' '_ the artwle he gives a standard definition of the term. Moreover, he states:

"When there is nio change in momentum there is no need to mvoke Iaws Il and
- Il as each reduces to zero equals zero.". (1985:160) .

Certamly, when thene is no resultant force (and hence no change in momentun : this is true of
" Newton II. But thlS could only be true of Newton I if Newton Il were about resultant

forces, which it is not.

To add to the confusion, McClelland follows this up with a discussion of the forces exerted
~'on and by 2 book resting on a table, and stafes: '

“the gravitational force on the book is not, in general, equal and opposne to the -
contact force on it." {1985:160) _

Provided that the table-top is horizontal, the twa forces acting on the book are most certainly
equal and opposite, othetrwise {he book would not remain at rest. Possibly what McClelland
* means is that the two forces are not a'Newt*on I pair, but this fact is always true, not just "in

: general" Furthermore, these two forces are not resultant forces, and s0 cannot be a Newton

- m pair in terms of McCIellauds version of Newton ML
That such an incorrect and loglcally mcoherem fonnulatlon of Newton III can be presented by

a physzcs lecturer is ev1dence of the non-trivial d1fficu1hes mvolved in understandmg Newton -
1L
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24, METHODS FOR ’I‘EACH[NG PHYSICS EFFECTIVELY

The problem with trying to change stuclents non—NewToman ideas about mechanies is that these |
ideas genemlly 'work” in people's everyday experzences. How then can teachers be most
effective in changing stude_nts'.. ideas in line with Newton's laws? Various strajegies are
sugge_st_ed by different authors. | B |

2 4 L Teacbar know]edge

* Minstrell (19822} suggests that fi rstly and foremostly, teachers need to know what students |
conceptions and difficulties are. He recommends that teachers become aware of the results of
research into student understandings, and also make use of Action Research in the classroom :

to ﬁnd out their own students' 1deas

24.2. Models of Ieamg

An understanding of how people leam physn:s is useful in teaching, and various theorles have

“been developed. Gllbert, Watts and Osbome (1982) mvestlgated studeut understandmgs usmg o

the Interviews-About-Instances method. They describe the various possible effects which the
curriculum and “teachers’ science” (presented in the classroom) can have on “children's science™
(students’ preconcepnons). pointing out that the outcome depends on both, and is seldom

SCIEl‘ltLStS s¢ience”.

Osbhorne (1984) describes how the "gut dynémics", which children acquire experientiaily. and
“lay dynamics”, which they acquire socially, conflicr with "physicists’ dynamics”. He sees the
~ difficuity as being that students do not appreciate that teachers try: ' '

“to provide them with an alternative conceptualization to gut dynamics using

- a language different from the langvage of lay dynamics. Rather they simply
“assume that the teacher is trying to help them see ccnnectlons between their gut
“and lay dynamics.” (1984:506)

Posner, Strike, Hewson and Gertzog (1982) identify the two processes wh_ich can take place
when people encounter new kaowledge: ass.imilation (using existing concepts to understand
new phenomena) and accommodation (replacing existing concepts with new c‘dneepts} Other
researchers call the latter process "scientific revolution” or "paradxgm shift” {Champagne et
al., 1980} - it involves a radlcal conceptual change Posner et al, argue that it only occurs
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when certain condirio_ns are met: thare needs to be a measure of dissatisfaction with existing

ideas, and new ideas need to appear intelligible, plausibie, and fruitful (useful).

2.4.3. Achieving conceplual change _ _

Strategies for achieving con__ceptual change based on the above models. have been suggested.
- Qsborne (1984) recommends class discus_sions on aspects of gut and Ia'y. dynamics, and how
they relate to and differ from physicists’ dyna_mics. Watts and Gilbert (1983) suggest a three
_stage‘process: ekpl_ication. where the teacher and students make explicit their interpretations
ofa gi\}en'Siniation; expectation, where predictions based on the various frameWorks are made; .

 and exploration, where the predictions are tested experimentally.

"As an examp]e' of how this tkanslates' info practice, Marioni (1989) gives a lesson. plan for
dealing with the equivalence of different inertial frames of ;'efefence. This lesson has been
tested on three claéses of Italian students (10 - 17 j;éars}, and was suceessful .in effecting
conceptual change. - Along similar lines, Ueno. and Arimoto _(19931 asked students to predict
what would happen in various situations, and then used computer simulations and video

recordings for the exploration process. They also report _odnoéptual change in their students. .

2A4.4. Historical treatment | |

Stinner (1994) recommends that the story of the development of the concept of force (section

o2, p 5) be used, along with appropriate analogies, demonstrations and thought experiments,

to introduce students to Newtonian mechanics. He has tried this method with Canadian high
sc_:hbol students and teachers, and believes that seeing the “intellectual struggle” of scientists

in history aids students in their own conceptual development. Roach (1992}, who has taugh.t

American students, suggests that such an approach helps students to appreciate that their ideas

are not wrong so much as immature and needing to be developed.
Champagne ef af, (1980) hold that by comparing and contrasting the Newtonian paradigm with

an Aristotelian framework, students can be persuaded that Newton's ideas are more useful.

~ They believe this should produce the necessa. y “scientific revolution” in students’ thinking.
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2.4.5. Practical work | N

Some re'seafchex-'s suggest ¢xperiential practical work as a route to achieving conceptual change .
_in stedents. For example, Champagne et al (1980) recommend the demonstration of
“frictionless” situations using computer graphics.. a linear air track or a "dry ice puck”.
However, demonstrations do not aiways effect the desired conceptual change. since students
are likely to simply interpret what they see in terms of their existing frameworks. Halloun and
. Hestenes report: |

"Careful interviews of _st-udénts who have just witnessed a demonstration are
" enough to m. ¢ ope dubious about the effectiveness of typical classroom
- physics demonstrations in altering mistuken physical beliefs.” (1985:1059),

'They emphasise the importance of thorough discussion to elicit and resoive conflicts.

| Dans, Perkins, Ledford and St. Pierre describe an experiential method of “introducing the
concept of force and Newton's three laws of motion” (1993:28) to American third graders,
Studén_ts experimented at various activity stations, ahd then had to suggest laws, The Newton
¥ station consisted of some of the standérd inertia demonstrations, and the students concluded
“Things need a force to move."” In the context of the demonstrations, this actually meant that
things need a foree to start moving, but it is likely to bave also been understood by the
students as "things need a force to keep on mOVing“ which would concur with their experience
of the world, but in fact contradicts Ncwbon 1. So, far from introducing Newton 1, Dana et al.
were probably unwmm,gly helping to entrench non-Newtonian ideas. '

' 2.4.6. Bridging analogies
A recent contribution to fhe debate on teaching mechanics is that of Clement (1993) He |
points out that not al the ideas with which students enter a classtoom are incorrect, and

suggesfs building on those preconceptions which concur with scientific theory - using them as

“anchoring conceptions’. A "target problem” is wotked towards stepwise using "bridging
analogies" - necessary becanse close analogies are easier to understand than distant ones. For

example, consider the target problem of how an inanimate object such as a table exerts a force

(identified as difficult for students to understand - section 2.2.3, p 9). This target problem is

reached by starting with the anchoring conception of a hand pressing down on a vertical spring

and experiencing a foree (Figure 1, p 17). The bridging analogy used is that of a book resting

on a piece of flexible board. - B
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This_ method is discussion based,

inciudes refersnce to scientific

Anchor Bridging Case Target

models, and is supported by
- practical experiments, such as
experience with springs in the

above example. Clement claims

it 18 a form of ’guided

constructivism”,  The method ' o

wes tested on American high Figure 1. BRIDGISG ANALOGY'

school students in _a' first year 'physi_.cs course. For each of three lessons tested, the
experimental group did signiﬂcantly better than the control group who were taught using
convertional methods, Along similar lines, Aquino (1994) reports suceess using a modlﬁed _

| _ generatlve teaching sequence" with 112 umversnty phys ns students in the Philippines.

Interestingly, Minstrell {19821)} put forward a very similar teaching strategy some ten years
earlier. He presented a series of demonstrations to a class of American students who had not
yet received instruction on forces. After eacl demonstration, they were required to provide
force diagrams, The _sequehcing of the dembnstrationé effectively provided a series of
"bridging an_alogiés". Initiaily only 12 out of 27 believed that the table exerted an upwards
foree on _é. book resting on it; by the end, 25 believed the upwards force éxisted. |

2.4.7. Preparing the way

In considering how Newtonian mechanics can be taught, it is also necessary to consider what
sort of foundation is_-laid in preceding school years. Osbome recommends that. for the first 10
years of school, teachers should

" “help develop, challenge and extend gut and lay dynamies in such ways that it
helps make better sense of the world" (1984: 507),

Such articulation of intuitive ideas provides a foundation upon which Newtonian mechanics
can be built,

Both Osbome (1984) and Enderstein {1993) suggest introducing the concept ot momentum
much earlier, Osborne sees it as a "central aspect of gut dynamics” (1984:508) which students
confuse wiw force, If they were given the fabel "momentum” to attach to this preconception,
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then force could be treated as 4 separate concept. However, Brown (1989) feels this is not a
-satisfactory solution: students see the force in the direction of motion as causal, but momentum

does not cause motion, it is simply a property of a body with motion.

2.5. ID_EAS ON 'T-EACHING NEWTON HI

' The above methods apply broadly to mechanics, There are also 2 number of suggestions which

researchers and teachers make to assist in the teaching of Newton III, Firstly and foremostly,

they suggest that more emphasis be given to Newton il in the classroom. Terry and Jones

(1986) see it as important for understanding the concept of force. a sentiment which is echoed

by Brown {198-9}. Researchers aiso .Stress_ the need to state the law in a helpful form, and
recommend practical activities which demonstrate the law, ' '

2 5. 1 Form of statement

A translatnon of Newton's statement of hns third faw is:

"To every action there is always opposed an equal reaction: or, the mutual
actions of two bodies upon each other are always equal, and directed to contrary
parts.” (Cajori, 1960, quoted in Hellmgman, 1989:37)

In Latin, Newton spoke of actio and reactio, but Hellingman argues that the ch01ce of the
translations "action” and "reaction” is unfortunate: the connotations are «jifferent from the Latin
terms. In modern English, action is generally linked to inovement._ and precedes a reaction,
Neither is true of a Newton III action. Furthermore, the words "action” and "reaction” do not
make it sufficiently clear that what is being spoken about are forces.

Hellingman puts forward the following statement s a better alternative:

"A force is one side of an interaction; the interaction takes place between two
“bodies, working equally strongly in the two opposite dircctions”, (1992:115)

‘However, there is & problem with the phrase "between two bodies"; it is not clear why
cancellation does not oeeur, Jordean suggests using the form:

“If a body A exerts a force on body B, the body B simultaneously exerts a force
of equal magnitude. but in the oppoqnte direction on A." (1993b:1)

and Roach recommends :

"When two bodies interact, the force of the first on the second is equal in
 magnitude and opposite in direction to the force of the second on the first.”
(1952:30) _
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then force could be treated 8s a separate concept. However, Brown {1989) feels this is not a
satisfactory solution: students see the force in the dicection of motion as causal, but momentum
does not cause motion, it is simply a property of a body with motion.

2.5. IDEAS ON TEACHING NEWTON III

The above methods apply broadly to mechanics. There are also a number of suggestions which
researchers and- teachers make to assist in the teaching of Newton IIL .Firstly and foremostly.,
they suggest that tote emphasis be given to Newton 11 in the classroom, Terry and Jones
- (1986) see it as important for understanding the concept of force, a sentiment which is echoed |
by Brown (1989). Researchars also stress the need to state the faw in a helpful form, and

* recommend practical activities which demonstrate the law.

2.5.1. Form of smzement |
| A translation of Newton s statement of his third law is:

"o every action there is always opposed an equal reaction: or, the mutual
actions of two bodies upon each other are always equal, and directed to contrary
parts." {Cajori, 1960, quoted in Hellmgman, 1989:37)

In Latin, Newton spoke of actio and reactio, but Hellingman argues that the choice of the
translations "action” and "reaction” is unfortunate: the connotations are different from the Latin
terms. In modem English, action is generally linked to movement, and precedeu a reaction,
Nelther is true of a Newton IH action. Furthermore, the words "action” and "reaction” do not
make it sufﬁcmntly clear that what is being spoken about are forces

| Hellingman puts forwatd the following statenent as a better altemative:

"A force is one side of an interaction; the interaction takes place between two
bodies, working equally strongly in the two opposite directions”. (1992:115)

However, there is a problem with the phrase "between two bodies™ it is_not clear why |
cancellation does not occur. Jordaan suggests using the form:

"If a body A exerts a force on body B, the body B simultanecusly exerts a force
of equal magnitude, but in the opposite direction on A." (1993b:1)

and Roach recommends;

"When two bodies interact, the force of the first on the second is equal m
magnitude and opposite in direction to the force of the second on the first.”
(1992:30)
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then force could be treated as a separate concept. However, Brown (1089 feels this is not a
satisfactory solution: students see the force in the direction of motion as causal, but momentum-

does not cause motion, it is simply a property of a body with motion.

25. IDEAS ON TEACHING NEWTON I

The above methods apply broadly to mechanics. There are also & number of suggestions which
researchers and teachers make 10 assist in the teaching of .Newton [IL. Firstly and foremostly,
they suggest that more emphasis be given to Newton 1] in the classroom. Terry and Jones
(1986) see it as iniportant for imderstanding the concept of force, a sentiment which is echoed
by Brown (1989), Researchers also stréss the need to state the law in 2 helpful fom and

recommend practical activities which’ demonstrat& the law.

2.5.1. Form of statement

A translatlon of Newtons statement of his third law is:

' "To every action there is always opposed an equal reaction: or, the mutual -
actions of two bodies upon each other are always equal, and directed to contrary
parts.” {Cajori, 1960, quoted in Hellmgman, 1989:37)

In Latin, Newton spoke of actio and reactio, but Hellingman argues that the chmce of the
translations "action” and "reaction” is unfortunate: the connotations are different from the Latin
terms. In modem English, ction is generally linked to movement, and precedes a reaction.
Neither is true of a Newton IIl action. Fu'rthenn(_)'re, the words “action” and "reaction” do not -

make it sufficiently clear that what is being spoken about are forces,

Hellingman puts forward the following statement as a better alternative:

"A force is one side of an interaction; the interaction takes place between two
bodies, working equally strongly in the two opposite directions”, (1992:115)

However, there is a problem with the phrase "between two bodies"; it is not clear why
cancellatton does not occur. Jordaan suggests using the form:

"If a body A exerts a force on body B, the body B simultaneously exerts a force
- of equal magnitude, but in the opposite direction on A" (1993b:1)

and Roach recommends:

"When two bodies interact, the force of the first on the second is equal in
magnitude and opp site in dzrectlon to the foree of the second on the first.”
(1992:30)
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The common thread in all of these fonnulanons is the mention of twWo bodles, with a clear
mdlcatlon that the two forces act on dxfferent bodies. .

2.5.2. Practical demonstrations | |

.' Some researchers recommend pfﬁét_iéal .demonstrations to make the content of Newton Il more
meaningful, 'Roach (1992} describes how the exp'ulsion of gas from a balloon can be used to
 show the effect of the reaction forée, The Israel Institute of Technology, in a unit désigned
to help underachievers come to grips with some of the laws of physics (Fi_r.iegold,. 1989), also
use balloons, as well as a simple “water rocket”. Coleman and Willlams (1982) suggest
getting two students on rollerskates to hold the ends of a rope, with one studcﬁt plllling.
Jordaan (1993b) recommends attaching two spring balances, and pulling them in Opposite
directions. | |

However, as mentioned (section 2.4.5, p 16), demonstrations do not always effect the desired
- vonceptual change. Another problem is that transfer of concepts from one situation to another
does not take place as easily as ieachers niight hope. Terry and Jones (1986) report that 90 -
% of their Sample could answer questions about two equal mass rollerskaters correctly, since
most had seen this demonStrated in the classroom, But they failed to transfer the. concepts '_to
similar sitvations: only 50 % could cope with the situation of skaters of unequal mass.

2.6. RESEARCH ON TEXTBOOKS AND TEACHERS' IDEAS

In considering how teachers can go about teaching Newton's laws, one needs to consider what
ideas the teachers thémseives hbld relating to Newton's laws, It is also necessary to look at
what the textbooks which are used as resources by students have to say about Newton IIL

2.6.1. Teachers

The literature is somewhat sparse on research into teachers' ideas. In her conclusion, Viennot
(1979) comments that teachers tend to use incorrect intuitive reasoning when they answer in
a hurry, but she does not support this statement. Similarly, Jordaan reports from his own
experience with teachers and teachers-in-training that "a disturbing number of them" (1993b:7)
consider the two forces on a book as an action-reaction pair. '
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~ At the Sixth National- Convention of Science and Mathematics Teachei's {South Africa, 1975),
~ Helm (1978) tested 65 physical science teachers' ideas, with the same multiple choice test
which he had given to students (section 2.3.1, p 10). He found that 349 thought that a bigger
particle would exert a bigger force, and only 59 % récbgnised that the two forces on a block
resting on a table are not an action-reaction pair. Similarly Hellingman (1992) asked 130
-Belgian scienée teachers for the reaction force to the gravitational force on a bottle of wine on

a table, and found that only 28 % gave correct angwers.

As for research into the coneept of foree more broadly, Mwakapenda (1994) investigated the
ideas of 7 South African senior physical science teachers at an in-service workshop. He found
that 5 out of 7 indicated an vpward force on a cannon ball travelling up through the air.

_In all the other research reviewed in tlus chapter. no mentlon is made of teachers' 1deas The
- literature ne!atmg to texthooks is even thmner

2 6 2 Textbooks

Viennot (1979) mentions that some of the general tendenc:es in intuitive reasoning which she
found also appeared in some science textbooks, and Helm (1978) reports that some of the
physics misconceptions which he identified could be found in commonly used South African
textbooks, but neither gives detaii_s.' Jordaan (1993b) refers to an inéorrect statement of Brink
and Jones (1987:21 - mentioned in section 3.5.1, p 29), o

The only. other reference to textbooks in th.e reéearch surveyed in this _ehaipter is that of Brown

| (1989} who notes that the emphasis in American textbooks tends to be on Newton's first two
laws of motion, with Newton {II treated only in passing. Clearly a closer look at textbooks
is necessary. ' ' ' ' -

2.7. OVERVIEW OF RESEARCH

The Newtonian concept of force is not mtumve, and researchers have found that students often
- have a persistent "supply of force” potion, similar to the medieval idea of impetus. Thus
students tend to believe that a force exists in the direction of motion of a body. | Researchers
also note that some students experience some confusion between force and other concepts, as



well as a difficulty with the idea that inanimate objects can exert force.

Newton Il presents its own problems: firstly, many students bélieve that an-ziction—reaction
pair of forces can cancel, This reflects that they have not appreciated that the action and
- reaction forces act on two different bodies, or that they have not distinguishéd between the
forces exerted on a body and the forces exerted by a body, The second main problem which
students have with Newton IIL is they see the force which 2 body can exert in terms of its
"fomeﬂilneSS-“, according tb_ which bigger and faster bodies exert greater forces, Some
.~ published articles reflect misconceptions refating to Newton III on the part of the authors.

To aid in Overcomihg noii-Newtonian ideas, a number of strategies are suggested. Firstly,
teachers need to have' some idca of the misconceptioris and difﬁculties detailed above. Some
research&rs have put forwacd models of leammg, and strategies of teaching for conceptual _'
change in terms of these models. Other researchers recommend a historical treatment, practical
work, ot the use 0f bridging analogies, Some researchers recommend that teachets lay a
careful foundatton in the years before Newton's laws are preseiited. Specific to Newton IH, |
researchers emphasnse the need fo state the law in a way which makes it clear that there are
two bodies involved, wi': the action force and the reactxon force actmg on different bodies.
Spemﬁc_ practlca-i_ activities refating to Newton III are suggested.

A few researchers mention that some of the miscdnceptions held by students are also to be
- found in some fextbooks, and some researchers report finding that alternative ideas are held
by a number of teachers. However, compared to the many studies on students, studies on
textbooks and feachers' ideas on Newton III are few and far between, This study should thus
help to fill a gap in the research. ' ' '



CHAPTER THREE
- TEXTBOOK ANALYSIS

In order to mvestlﬂate the treatment of Newton III by textbooks, "3 school and umversny
textbooks as well as some other resources were examined. This sample includes South African
as well British and American books, since tertiary science textbooks in South Africa are
 usually drawn from these two countries. For each textbook, the actual statement of Newton -
.IIII. explanat_ion, examples, and diagrams were examined. So as to facilitate comparisons. two
sets of tables were consmicted The first set (Tables 2 - 4, pp. 38 - 40) deals with the
N statement and explananon of Newton HI, whilst the secorid set (Tables 5 - 7, pp. 41 - 43) deals

 with the examples and dxagrarns which are used. In this chapter, the categones in the tables

are explained, and the trends in each country's textbooks are discussed. Based on this analysis,
~ broad generalisations can be made regarding the adeguacy with which Newton I is treated
by the textbooks of each country. o

3.1. SAMPLE
3.1.1. Textbooks

* The textbooks used i in this analysis are listed in Table 1 (p 23). Ten Sonth African physical
science textbooks were examined: the current English medium Std 10 textbooks, two study
guides, and three older textbooks. Hom, Brink and Jones 11987) is, apart from & year plan at
the front, identical to Brink and Jones (1987), and so is not included in the tables or referred

to again.

Closer examination of Tables 2 and 4 (pp. 38 and 40) reveals that three South African
textbboks are vefy similar (Gordon, Neser, Pienaar and Walters, 1969; Pienaar and Walters,
1975; and Pienaar Walters, Schreuder and de Jager, 1987). This is because Pienaar and
Walters are amongst the authors of all three textbooks. Apart from the exclusion of the horse
and cart example and a worked example using momentum conssrvation, the fext of Pienaar and
Walters (1975) is almost word for word identical to that of Gordon efal (1969). The



Table 1 : TEXTBOOKS USED

Prin=loo, Hattingh, Koen and Spargo
Gor. .n, Neser, Pienaar and Walters
Pianaar and Walters

CURRENT Broster and James
S Miiller, Miller, Dreckmeyer and Dal B1anco
Brink and Jones
Horn, 8rink and Jones
_Pienaar, Walters, Schreuder and de Jager

| STUDY GUIDES | Bowen and Roberts
| '.___'Cohen - o

1 Nelken and Parker
| Duncan .
= Breithaupt
| Ha11-
| carrick.

S+ | Keighley, McKim, Clark and Harrison '
.Whelan -

' Benumof
Sears, Zemansky and Young
Kane and Sternheim
| Marion and Hornyak
. { Giancoli
-~} Halliday, Resnick and Walker

e;;amples: used in Pienaar et al (1987) are simply paraphrased from Pienaar and Walters
(1975), but the introductions and explanations are different - reflecting more recent educational
ideas, The similarity between these three books means that some examples and statements

appear very popuiar amongst South African texts.

- The large number of textbooks available in the UK. and U.S.A. makes it impossible to be

_exhaustive, so sbout six from each country were used. Newton lII is part of the British "A" __
level syliabus, and three of the British textbooks are explicitly "A" level textbooks, The
remaining three are pitched at-about the same level. The American textbooks vary in level -
some have been used at a tertiary level in South Africa.

For each country, some older textbooks were included, to find out if and how the presentation
of Newton III haz changed over the fast three decades. In the tables, the books are ordered
chmnolog:cally (by the last edition) so that any changes over time might be evident.
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- 3.1.2. Other resources
In order. to throw some light on the teachmg of Newton 1II the Feynman lectures (1963) and
the relevant Nuiffield physics teachers guides (1966) have been locked at. In addition, one
guide from each of the three countries Under consideration was refeived to (Saayman, 1988;
Osbome and Freeman, 1989; and Arons, 1990). - These books have not been analysed in the
same way as the textbd'oks, since they serve a different purpose: tlley are not meant to be |
exhatijstive, but are merely supplementary, raising certain poiats whnch are helpful to teachers.
' aWever, they will be referred 1o in the discussion.

3.2. POSITION IN TEXT

The ﬁrst secnon of Tables 2 - 4 (pp 38-40) is mncemd with the posmorx of Newt(m I in
~ the text. The current South African core physical science syllabus places Newton m
immediately- after Newton I and I This is the sequence followed by all the textbooks
examined except Prinsloo et ai. {1967), Gordon et al. (1969), and Pienaar and Walters (1973),
which handle it after momentum (which follows Newton T and 1I). This reflects the order in
previous South African syllabi. | |

The concepts of Newton IIT and momentum are strongly linked - many phenomena (such as
the operation of space rockets) can be described gither in terms of momentwn conservatlon or
| ~ in terms of Newton IIL Thus the latter order of presentation is Ioglcal It also allows for the
denvatlon of Newton BI from the expressmn '
Impulse (Ft) = Change in momentum (Ap)

which Gordon et al (1969) and hence also Pienaar and Walters (1975) use, However Roach
(1992) pomts out that this order can lead to confusion between the concept of force described
by the third law, and the concept of momentum, thus o - arcing thc incorrect view of foree
as a property of an object, like momentum ' -

33. FORM OF STATEMENT
3.3.1. Form A |

The South African core physmal scienoe syllabus gives Newton III in the form:

'If body A exerts a force on body B, then body B cxcrts ar equal and opposite
force on body A." {quoted in Horn, Brink and Jones, 1990, p 10} _



. number of textbooks use this forr., termed form A hereafter, with sli ght variations, such as:

“Whenever one object exerts a force on a second object, the second gbject
exerts an-equal and opposite foree on the first.” (Giancoli, 1991:72)

The table distinguishes between those textbooks which use the terms body/object A and B, and |

those which use the terms one object and another/second object

332 Form B - |
As mertioned in section 2.5.1 (p 18), Newton's statement of his third law translates as:

"T'o every action there is always opposed an equal reaction: or, the mutual
actions of two bodies upon each other are always equal, and directed to contrary
parts.” {Cajori, 1960, quoted in Hellingman, 1989:37)

" In this report, ‘this is termed form B. Two textbooks (Sears ef al, 1982, and Marion and
- Hornyak, 1984) quote this in fuil, but more typically it is presented incompletely, for example:
"For every action there is an equal b_ut opposite rcak:tiOn." {Cohen. 1991:70)

- 333 Companson of forms _

A crucial element of Newton 1II is that two bodies are mvclved a.ud each force is exerted on

~ a different body, Reference to two bodies is contained in the latter part of form B, and
“directed fo contrary partﬁ" indicates that the forces act on different bodies, aithough this is
somewhat obscure in terms of modern English. Thus the incomplete statemnent of form B does

'nof make it clear'that there are two bodies involved. As meniioned in section 2.5.1 {p 18}, - _
res_eafehers génerally_discourage this form - in fact, Helm refers to it as "meaningless verbiage"
(1981:15). For Arons this form "has always been gibberish to the majority of students”
(1990:65). Saayman (1988), and Osborne and Freeman (1989) \ikewise condemn it.

On the other hand, form A makes the existence of two bodies each exerting a force very clear.
~ Thus form A is a more useful form for helping a student come to terms with the principle

contained in the words, and is recommended by researchers (see p 18).

Pienaar ef al, use an inferior variation of form A (1tahcs added):

"... then B will exert an equal but oppos;te force on A" (1987: 15)
The insertion of "will" is pnobably meant to convey the fact that B always exeits a force, but
in fact puts the second phrase into the future tense. This conveys the incorrect idea that the
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one force precedes the other, and so detracts from the simultaneity of the two forces. Two of
the teachers’ gutides (Osborne and Freeman, 1989 and Saaynian, 1988) alw3 use this variation. '

3.3.4. Other forms - | - |
The British authors have managed to come up with a number of other versions:

"Activn and reaction are always equal .and opposue " (Ne!kon and Parker, -
1968 12} .

"Where a force a01s, there w1H always be an equal and opposme force " (Hall
1980:33)

“When two bodies intetact, they gxert equal and opposite forces on one
-another.,” (Brelthmlpt 1987:14)

The first two versmns are similar to the incomplete VCI'SIOII of form B, whilst the third is a

more condensed version of form A.

Four textbooks (mostly American) have also given Newton Iil in the form of an equation, Le.

: FAB = -FBAU

335. Overwew of pmfetred fonns

Where a textbook has used two forms but indicated a preference for one, the preﬁ:rred form
is indicated a: "1" and the other as "i". The teble of British rextbooks (p 3Y) shows a irend
towards form A in more recent years. American textbooks have always tended to choose
forms which indicate the two bodies. South Aftican textbooks, however, have mostly stuck
doggedly to the unhelpful incomplete version of form B. This is particularly odd, given that
the syllabus gives form A. South African textbooks have also not made use of symbolic

representation in the form of an equation.

3.4. DISCUSSION |

Boj&le and Maldney (1991) found that a writton statement of Newton | supplied with a test
involving Newton III type exampléé had r_uj effect on the answers which students gave. Thus
a mere statement of the law is insufficient to change people’s ideas on forces. [t needs to be
followed by discussion which pr . mpfs _fhe c’om.moh misconceptions which people have,
After dealing with the form of statement of Mewton III, the rables identify the points raised
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in discussion. The third section gives the points made in the basic expianations, the fourth
seetion cons:ders lmks made to the other two laws of motlon. and the fifth section Jooks at the
use of th; terms action and reactnon

34.1. Exp]&nat;oﬂ _

There are six points hsted in the "Explanation” section. - The first point refers to the terms
“equal and opposite”. These are not self-explanatory and need some explanation: the sizes are

equal and the directions are opposite, '

'The finiding that students tend to think that action and reaction forces can cancel (section 23.1,
- p 10) points to the need to communicate effectively that the forces act on two different bodies
{»0int 2J and thus can NOT cancel (point 3). Pointing out that the distinction between the
forces which act on 2 body and the forces which are exerted by that body (point 4) can aid in
this - only the forcey exerted-.o;_l a body affect its motion. A corollary to Newton I is that
forces always oceur int pairs {point'S). But it is also worth pointiné out that not all paits of -
equal and opposite forces are action-reaction pairs (point 6). | |

' 34.2. Links to Newton I and Newton Il |
This last point can be'ﬁtrthcr' emphasised by examining the difference between Newton 1 pairs
{acting-on the sarme body and canceliing} and Newton III pairs (which.act on different bodies).
Some textbooks fook at a number of forces in a situation, and classify them as Newton I or
Newton Il pairs - this should help to pre-empt the misconception that action and reaction

forces can cancel.

In putting Newton IIl in a broader context, it is & good idea to use Newton II to explain why
the effects of two forces of the same magnitude may be vastly different, This should help
overcome the "forcefulness” misconceptior. <t bigger, faster bodies exert greater forces
{section 2.3.2, p 11). The fourth section of the tables thus indicates whether gach textbook
examines Newtoh Il in _the context of each of the other laws of motion.

3.4.3. Act;on :md reaction forces

Nearly all the American and South African textbooks used either the terms "action" and
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“reaction” or the terms “action force™ and "reaction force". But, as noted (section 2.5.1, p 18),
Hellingman (1989} points out that these can be misieading. They can also lead to fruitless
| “chicken énd egg" debates as to which is the actinn foree, Thus it is necessary to point out
that the terms are mostly interchangeablé - this helps to emphasise the simultaneity of the two.

The fifth seetion of the tables indicates whether each book used the terms action and reaction,
and whether each book explained that the terms are in fact interchangeable. If the terms have
been used, then their equivalence should also be noted. This is true of most of the American
* textbooks which used the'tenﬁs. Howevef nearly all of the South Aﬁican textbooks used the
te.rrns, and yet not one explained that they are equivalent. Most of tha British textbooks did
not use the terms, so did not need to mention their equivalehéc;

3.44. Overview of discussion
The older Brifish texts contaih no discussion of Newton II[ but the more recent texts do -
include E_rief explanations. The American texts contrast strongly with this: three included all
but two of the above-mentioned ten points. The South African explanations show a lot of
similarity to each other; generally sound though students are likely to come away with the
jmpression that all equal and opposite pairs are Newton Il pairs. |

35. [NCORRECT AND MISLEADING STATEMENTS'
A number of the textbooks included incorrect and/or misleading statements in their discussion
of Newton IIl. These are quoted and discussed in this section,

3.5.1. Action and reaction can cancel

Some textbooks make statements which are likely to reinforce the misconception that action
and reaction forces can cancel (section 2.3.1; p 10). Camick, in describing a hovering bird,

states! ' '

~ "The bird causes a downward force on the air, with the tesult that the air causes
-an upward force on the bird, This enables the bird to stay stationary .in the
. sky." (1982:53),

And Broster and James explain the reaction foree on a book resting ona. table

"The table exerts an upward reaction force on the book. If it did not, the book
would fail down!" (1986:16) _



While both these statements are in fact correct,'thej are misleading in that they present the
reﬁction_ force as the reason for the equilibrium of the body under discussion. Since nmo
mention is made of the gravitational force on the body, this gives the incorrect impression that
the reaction force balances the action force, instead of the gravitational force, The implication
is that the action and reaction forces cancel, and Newton IIT leads to eqltiiibrium. '

Certain other textbooks perpetuate the miseonception that action and reaction forces can cancel
with statements which are incorrect, The weight of an object is the gravitational force which
the earth exerts on the objeet, but these books present the weight of an object as a foree which
is exerted by the objeet; |

"The weight of the book is the downward force on the table" (Bowen and -
Roberts, 1986:76; Brink and Jones, 1987 21, make a similar statément)

"The force which the book exerts on the table ocours as a result of the weight of the book but
- the weight of the book and the foree which it exerts on the table are in fact two distinet forees
acting on iwo distihct bodies, They are also two different types of forces: ome is 4
gravitatibﬁ_al attraction between two smasses, whilst the other is a foree of repulsion between
two bodies in contact. So these authors are in error in treating the gravirational force on the
book (weight) and the contact force on the table as one and the same force.

-Brelthaupt also confuses which body the wexght of 4 person &cts on:

"When you sit on a chair, your weight pushes on the chair." (Brelthaupt
1987:14)

In fact "your weight" is a pull ori a person, not 4 push on a chair, Furthennorc. this quate
describes a force (weight) exerting a force, which is nonsense: bodies exert forces,

3.5.2. Careless language
Having 'léMt that forces are exerted on bodies, students must be confused when confronted
with the following statements (italics added):

"An action and a reaction force are between bodies and they do not cancel each
other out." {Broster and James, 1986:17)

“to overcome the forces of friction in the car." (Brink and Jones, 1987:22)
"Only forces acting on the same point can balance.” (Muller et al, 1986:20)

‘The first staternent could be interpreted as meaning that action and reaction forces are a
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different type of force which acts between bodies instead of on them. The second is blatantly
incorrect (what is mieant are the forces of friction on the car) as is the thn-d (two forces can act
“at different poinis on an object; and yet balance).

3.5.3. Balanced and unbalanced forces

The coneept of balanced forces caused further prablems for some authors:

“the action-reaction pair must be part of an isolated systern to produce motion."
(Piepaar and Walters, 1975:109; the IMSTUS teachers' guide (Saaymam
- contains a similar statement, 1988:15)

"Tte action and regction forces act on dlfferent objects, therefore they are both
‘unbalanced forces “ (Cohen, 1991:70)

'_Cleariy both statemenits are over-generalisations - in every suuatlon all the forces acting on
each body need to be considered to determine its motion (Newton I and II).

' 'The cdntent'of Nevhon I seems to have passed by the following authors:

"If the lift is at rest or travelling with uniform velocity, then the only force
acting is the welght " {Bowen and Roberts, 1986 77} :

* If a body 1s at rest or travelling with uniform velocity, then the forces on it must be in
equilibrium (Newton 1), which is impossible if only one force is acting.

In discussing the cc‘mcept of resultant force, Arons notes that

"“There is a strong tendency among students to think of some of the individual
forces as having disappeared, or having b :n somehow obiiterated. in the
superposmon, especiaily when some of the forces oppose each other and are -
“overcome" in the final effect.” (1990:63)

Broster and James help to perpetuate. this idea - in talking about the effect of a force of friction
of 400 N acting on a car which is being pushed by a man, they conclude incorrectly:

* "Therefore the force exerted by the man is reduced by 400 N." (1986:17)
Rather it is the resuftant force which is reduced. |

3.5.4. Universality

In all the forms used in the textbooks it is implicit that Newton Il is universal. In fact,
Newton Il does not apply exactly at every instant to forces which act over large distances,
since information about a change in one of the bodies cannot be communicated to the other
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- Taster than the speed of light. So Ncw_ton Il applies exactly to all contact forcés.'and_ nearly

exactly to all non-contact forces provided that the distances are not too great.

Only two texts deal with the question of univ_ersalify explicitly. Duncan points out:
 "more exact laws are récjuired for ceftain extreme cases” (1982:142),
And Sears et al. (1982:23) note that it does not apply to forces between moving electrical
 charges. | '

‘But some textbook_s. make statements which imply that Newton III' does not apply in afl cases.
Carrick states; _
“This situation with two oppostte forces is very common.” (1982:53),

which implies that, while common, it is not always the case.

Brink and Jones descrlbe a boy exertmg a force of 10 N on a second boy, and tell us that the
_second boy will exert a force of 10 N oo

"but only if the second boy is capable of exertmg a force of 10 N." (1987:22 _
This is nonsense: the first boy will only succeed in exerting a 10 N force in the first place if
the second boy is capable of éxerting & 10 N force - the maximﬁm value for both is limited
by the weaker body. " | '

Gordon ef al. make the point that Newton_III "is not .qoncemed directly with mdtion"
(1969:94). - This is valid, but this statement may help to convey the incorrect impression that
Nzwton III only applies in static situations. The other two texibooks in the Pienaar and
Walters trio (Pienaar and Walters, 1975, and Pienaar ef af, 1987) also make this point. |

3.5.5. Summary of incorrect statements

~ All but two of the nine South African textbooks confain at least one incorrect staterent in the
section on Newton hl. In contrast, only one of .'the British fextbooks {Breithaupt. 1987)
vontains an error, and not one of the American textbooks contains an eror. Misleading
statements are found in one South African textboolc. and two British textbooks. It would seem
that the South African textbooks are subject to less scru_tiny before publication. |
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Possibly some of the seven American and British textbooks which are not first editions
~ contained errors in earlier editions. However it s worth noting that all but one of the first
edition overseas textbooks are written by only one author, compared to the two or four ém thors
of most of the South Afiican texts. So the errors in South African textbooks have genefally
passed by more than one author without being picked up. '

36. POI_NTS NOT INCLUDED IN THE T*BL:=S
3.6.1. Treatment of strings
Helm's multiple choice test (see p. 10 included the following' question:

"A man pulls sideways on a string which is attached to the leg of a table. The
reaction to the force exerted by the man is exerted by . -
(a) the string
- {b) the table
~ (c) the earth
(d) the floor™ (1978:289).

Only 15 % of 460 students chose the string - 56 % opted for the table. Ivowi (1984) obtained_
s_ﬂmllar results w_xth 257 ngenan students {string: 28 %; table: 48 %). Helm saw thisas a
Newton HI miscanception and mentioned that_ it was preseﬁt in' some South African textbooks.
It is thos interesting to consider How the fextbooks under consideration deal With strings, Since
not all the texts deal with this under Newton 11, this information has not been included in the
tables, but will be discussed here. | '

Some texts treat the string (or rope or towbar) as a body in its own right, examining the forces
which are exerted on it (Gordon ef al.. 1969; Carrick, 1982; Duncan, 1982; and Sears et al.
1982), But others treat the string rather as a transmitter of force. Gordon ef al havmg
examined the forces on a rope, £o on {0 say:

"A rope transmits a pull without change from one end to the other.” (1969:95).

Morz often, however, the ideﬁ of a string as merely a transmitter of force is not siated
expiicitly but simply assumed (Bowen and Roberts, 1986; Hall, 1980; and Breithaupt, 1987).
For example, the Nuffield teachers’ guide {1966} suggests asking a student to pull on one end
of a metre stick whilst the teacher pulls on the other end (year 111:259). The forces on the
metre stink are not mennoried it is simply treated as a transmitter of force.
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Strictly speaking, Helm 1s correct in tegarding a 's_t'ring -(.or'equivalent} as 3 body. But treating
- & string ‘as a transmitrer of force is a useful mathematical construct v}hich works because the
st'ring"s' mass is negligible. Since this is commonly done, perhaps Helm is being pedantic in
calling it 2 misconception. However, if textbooks treat strings as transmitters of forces for the
‘purposes of solving pﬁoblems, then perhaps they should deal with this -concept explicitly
instead of assuming it implicitly, '

3.6.2. Inanimate objects
~ Arons makes the point that

“many students have the preconception that forces can only be exerted by hving
- beings, and they balk at the 1dea of a table, a floor, a block exertmg a force on
anything." (1990:64)

This concurs with the finding of Terry et al (1985) with pre-physics students (see section |
2.2.3,p9). Arons pomts out that this problem is not trivial, and suggests that teachers explain
that even an object which appéars rigid is deformed to some extent when a force is exerted on
it. Gordon (1968) explains this in terms of the bonds behaving as tiny clectrical springs.
Giancoli (1991) is the only textbook author who tackles this concept, using a description

- similar to Arons,

37, EXAMPLES USED

The second set of tables {Tables 5 - 7, pp. 41 43) deals with the examples used. Alf but four
of the textbooks examined limit their examples to contact examples, This tacitly
communicates the assumption thet Newton III only applies to contact forces, and hence places
limitations on its _unive.rsality. Of the four which widen the horizoa, only one¢ (Broster and
James, 1986) mentions electrical and magnetic forces; ‘the other three only consider
gravitational forces., Arons {1990) sees non-contact examples as valuable it is easier for
students to discern the two scparate actions involved.

3.7.1. Contact forces | |

_ As for contact forces, all specific examples which appear in rhore_than' one textbook have been
listed, as it is interesting to see how some examples seem to be favourites for explaining

~ Newton I .Examples which appear in only one textbook simply fit into the "other" category.

33



Te give students as broad a fee! for Newtbn Y1 as possible, it seems 10 make sense to include
“both push and pull examples, as well as both static and dynamic examples. According to this,
a good textbook should have at least one example in each of the four main contact categories.
The South African textbooks (Table 5) are the most generous with examples, but these tend
i_o cluster in the "dynamic-pﬁsh" section. The exazﬁpl_es which are given in the core syllabus,

i.e. walking, pressing against a wall, and a rocket, are frequently used.

3.7.2. Horse and cart
The Sduth African core physical science 'syllabus classifies the above examples as "simple” and
 states that one should: | |

*Exclude more difficult cases e.g. a horse pulling a cart”. (quoted in Horn et al,
1990:16) ' ' : '

This seems_unforruna&: the horse and cart example is particularly illuminating, since it shows
clearly that the action-reaction paii‘ of forces do not cancel each other. Viennot remarks that
too often only static cases are dealt with, and recommends that "the most confusing case”
(1979:216) should be done: a man pushing on a car. This is analogous to the hotse and cart
situation. The horse and cart example 1s also useful for emphasising the need to ook at all
- the forces acting on a body in order to determine its motion. If someone cannot explain why
the cart accelerates, they have not fully understood Newton If and L.

. QOverall, the_horse. and cart example is not a popular éiﬁmple - only free textbooks use it.
| Gordon et al. (1969) are the only South African authors to include it, and in fact they make
it unnecessarily difficult by including 2 rope between the horse and cart. The IMSTUS guide _
{Saayman, 1988) SHgge_sts keeping one's fingers crossed that the horsé and cart example does
not come up in class discussion, but provides a not altogether helpful diagram to use if it does.

3.7.3. Obscure examples _

The British textbodks ate conspicuously sparse on ex'mnples-, and, furthermore, have sometimes
chosen singularly unhelpful ones. Carrick mentions a hovering bird (see section 3.5.1, p 28)
and a jetfoil. Both involve aerofoils, the mechanism of which is not explained, The motion
of a bird's wings is m fact extremely complicated, and a student could quite logically argue.
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that as much as a bird exerts a downward force when its wings move down, it also exerts an

upward force when its wings move up.

3.8. DIAGRAMS |
Diagrams' have tremendous potential in helping students to understand the applit:é.tion. of
Newton [Il to spéciﬂc.ekamples. Thus the diagrams used have also been dealt with, in the last |
section of Tables 5 - 7. Some textbooks include uniabelled, unarrowed sketches and
photdgr’aphs - these have been included in the count.

In diagrahxs which include arrows fo represent each force acting, it is sometimes difficult to
make out Jjust which body each foree dets on, Arons {1990} and Roach (1992) s;rggeSt _
ovércoming this problem by showing each body separately. The tables thus distinguish

between diagrams where the bodies are shown together, and diagrams where the bodies are

shown. separately‘ Most of the diagrams_ used in'thé textbooks fall into the former category.

~ Although it is coriventional to use an arrow to represent each force, there is no convention
regarding just where the arrow should be drawn. Physically, a contact force.acts Qver an area
on the surface of a body, and is distributed to all the parts of the body by man internai action-
reaction pairs of forces. So it is logical to draw contact forces at the centre point of contact,
'and this is given as the first option under "Forces" on the tables.

Non-contact gravitational/electrostatic forées act on every bit of mass/charge but can be tréated
mathematically as if they act at the_ centre of mass/charge. Contact forces which are directed
towards the centre of mass can be treated in the same 'way. So it is also ldgical- o drav_s? forces
at the centre of mass of an object, i.e. with the tail of the arrow at the centre of i_nass. This
is the second "Forces” option in the tables. |

However, it seems there are two ways of drawing contact push forces:

A—<«B A« —B
| |  FaonsFoonn O Faona Faonn 5 |
The first option emphﬁsises by which body each force is exetted, whilst the second emphasises
~ on which body each force is exerted, However, the second option looks the same as a pair of
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pull forces drawn at the point of contact. The distinction between these two methods is not
made in.the tables. - - -

The third "Forces” option in the table refers to a method used by Gordon et al {1969). They
draw both the action and the reaction forces at the centre of mass of a rocket, and of a jer
aerbplaﬁe Thus both forces éppear 10 'é.ct on the rocket or aeroplane. This serves to
- perpetuate the confusion between Newton I and Newton [ pairs of forces. Since Pienaar and

Walters (1975) and Pienaar et al (1987} have copled diagrams as well as text, these two
| diagrams appear in their textbooks too. The IMSTUS gmde {Saayman, 1988} also featunes the
rocket dlagram

~ Broster and James (1986) generally show the action-reaction pau-s of forces at the points of
contact. However, for some unknown reason, in their diagram of a man pushing a crate, they -

show the Newton Til pair of forces abt‘mg at the centre of mass of the man. Reference to the

" tables shows that sich a lack of conslstency of style in dlagrams within a textbook is fmrly '-
common. Thxs, coupled with the lack of clanty which arises from drawmg the bodles together,
means that diagrams often do not fulfil their potential in helping the reader to understand_the
application of Newton III, In fact, certain diagrams seem more likely to confuse than to help.

39. CHANGES OVER TIME

It is evident from the tables that the treatment of Newton 111 is more detailed in more recent
books. This conid reflect the growth in understandmg of the difficulties which leamners have’
with Newton III. Arons notes: '

"Once we are used to it, the idea articulated in the Third Law seems
transparently srmplm and teachers tend to become insensitive to the very great
difficulty the majority of students encounter.” (1990 64}

Certainly this seems to have been true of Feynman, whose treatment amounts to little more |
than the statement "action equals reaction” (1963:10-2), with no exampies ~ which indicates
that he did not see it as presenting any problems. Similarly, the Nuffield gmde while
prov.iding 'e_xcel_lent experiential ekamples, fails to pre-empt mlsconceptlons to the same extent |

which some later textbooks and guides do.
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3.10. CONCLUSION
O_ver time the treatment of NeMo_n Il by texthooks has _gehémlly become more detéiled; with
‘more atiempts to pre-empt miséohceptions. Overall, the modermn. Axh.ericai; textbooks fcbn‘ne_
through as presenting the best treatment of Newton IIL T’ne_y peusrally use suitable fonns;
helpful discussion, and contain no errors, The British 'textbooks are accuraté (apart from
Breithaupt, 19871, though bnef in theu' treatinent wid somenmes unhelpful or even obscure
(notably Camck 1982y,

The Sot_ith Aﬂ'ican textbooks' &eaﬁnmt' of Newton II1 is closer to the American treatment than
R the British treatrﬁent The. Soﬁﬁx African expl-a'nations' are gene’fally adéquate altﬁough théy
- mostly fail to pre- empt the mlSCOIlceptl()ﬂ ‘that all equal and opposite pa:rs of forees are
Newton T pairs. However, all but one (Prinsloo et al., 1967) of the South African textbooks
contain at least one error in text and/or diagrams, whmh undermme the expianations The
South Afncan textbooks al__so mosily use an inferior statement of the law (the mcomplet_e form
BJ. . R '

The South African textbooks ate, however, more generous than the rest with examplés.
o Unfortunate-ly though, these are offen very similar, and do not exploit the range of variatidn_s -
which exists: they mostly cluster in the *’dyrgamiq-push?‘ s;:ction{ The potennal of diagrams in
explaining examples is not 'fuﬁy realised, and in fact is undermined by inconsistent or incorrect
| ilse_ of arrows in many textbooks. | - |

37



Table 2: SOUTH AFRICAN TEXTBOGKS' TREATMENT OF NENTON III

TEXTBobK(sea .keybe1ow) } | | - '. | ' Hﬂﬂﬂﬂ.ﬂ

Bimply stated

b Position § NI,
E in text ' _Deduced from examples

Momentum

If Body A exeris ...

If one object exefté ces

For every action...(complete)

For every action (incomplete)
‘Other '

Equat1onj_" =

Equal and 0ppos1te exp?ained
Act on 2 different bodies

Forces can't balance / cancal
"On” and-"by“ distinction

Explanation

Forces always occur in pairs

Not all equal and opp.
forces _

Linked to NI | Diff. between NI & NIII
' &_NII pa1rs

NII exp1a1ns different a’'s

~ Action and _ _Terms used 1n examp] es

reaction
forces Car be interchanged

M1¢1ead1ng statements

Incorrect statements

Indicates item is present

KEY: 1

i Indicates item is stated but with less emphasis
2,3 Indicates 2 or 3 occurrences of {tem
a,  Pringloo, Hattingh, Koen and Spargo {1867)
b. Gordon, Neser, Piehaar and Walters (1969)
¢. Plenaar and Walters (1975; 1st ed: 19?5)

" d. Bowen and Roberts (1986)
e. Broster and James (18986)
f. Miller, Muller, Dreckmeyer and Dal Bianco (1988)
g. Brink and Jones (1987) -
h. Pienaar, Walters, Scnreuder and de dager (1987)

- j. Cohen (1991)



Tahle's'i.aa;Tisu TEXTBOOK'S TREATMENT OF NEWTON LIT

f_  TEXTBOOK (See_key be1ow)

Simply stated

Posi tion
f in text Deduced from examples

Momentum

If Body A exerts ...

I one 0b]ect axerts ...

._For every action.. (ccmplete)

| For every action (incomplete)

1 other

Equation:  Fp = -Fp,

Equa? and opposite explained '
Act_on 2 different bodies

Forces can’t balance / canceI_E

Explanation :
: "Qn" and "by" distinction

Forces always occur in pairs

‘Not all egual and opp.
forces

‘Linked to NI | Diff. between NI*&_MIII
& NIX pairs

NII exp1a1ns different a's

Action and Terms used in axamp1es

- reaction )
forces Can be interchanged

Misleading statements

8 Incorrect statements

KEY: 1  Indicates item is present _ _
i Indicates item is stated but with less emphasis
2,3 Indicates 2 or 3 occur nces of item '

k. Ne1k0n and Parker (1963- 1st ed: 1958)

1. Hall (1980)

m. Carrick (1982) _

n. Duncan (1982) _
o. Keighley, McKim. C1ark Harr1son (1988; 1st ed: 1982)
p. Breithaupt (1947}

qg. Whelan {1989; 1st ed: 1978)



‘Table 4 : AMERICAN TEXTBOOKS' TREATMENT OF NEWTON I11

 TEXTB0OK (se0 ey below): — fm-.ﬂ
o | After | simply stated § 1)1
§ Position | NI/ AR : ' i
§ in text | NIT Deduced from examples ) 1] [t i1]
After Momentum | o |
If Body A exaerts ... ' iy
A - :
if one object exerts ... ' i 1
Form' . For every action...(complete) ; 11 11 |
' For every action (incomplete) § 1] HEEEEE
Other ' _
Equation: Fy = ~Fy | S N O B TR R Y |
T B bl b LA, Sl | WD SR AR N VLI T
Equal and opposite exp]ained 1] 1 ' 1
‘Avt on 2 different bodies 11§71 [111]1
- FUTE 55 can’t balanc el | :
Explanation Forces can’ ance / cancel ] 1 1
. “On" and “by" distinction B |1 |1 11
Forces always occur inpairs B. |1 ] |1 14
Not a1l equal and opp. 1) - 11
forces _ \
Linked to NI |Diff. between NI & NIII SHE
& NII pairs 1
| NII explains different a's 1 1)
Action and | Terms used in exampies 1ttt ]11}1
reaction .
forces Can be interchanged Tttt 1
Misleading statements | '
__Incorrect statements

Indicates item is present
Indicates item is stated but with less emphasia
Indicates 2 or 3 occurrences of item

Benumof (1965) ' _ :
Sears, Zemansky and Young (1982 18t ed: 1949)

Kane and Sternheim {1983; 1st ed: 1978)

Marion and Hornyak (1984)

Giancoli (1991; 1st ed: 1980) .

Haliiday, Resnick and Walker (1893; ist ed: 1974)



Table 5 : SOUTH AFRICAN TEXTBOOK EXAMPLES ON HIII

.EXTBO key Ee.nea.th ta.ble.‘l) mnnu-ﬂ-ﬂ

Book _on tab1e g fr gt qr A 8
Person on wall § B 1

Hand on table
Other

_Springba1ances

Static

Rope ‘on block §
Other |

Walking
Rocket
Step off boat

Contact | | Gun/ cannon
§ examples '

| P on carserate

2 skaters

Jet aeroplane

Dynamic | Astronaut

Hammer on nail

'_P or_poot wa?j
Other

Horse/ car/
person & cart

Pull "Other

Static Book on earth

Gravit
Non~ ~tional Falling object

N Dynamic
ontact | ynamic I, nets etc
exanples : ' ; '

Electrostatic _
Tl 2. T R —‘--=—-—-~———.-~.—--—*-—-- =

Magnetic

_Shown together

bjacts
003 Shown separated

Djagrams Drawn at pt of contact

Forces [Drawn from ¢’s of mass

From ¢. of m of 1 body.

Orner




' Table 6 : BRITISH TEXTBOOK EXAMPLES ON NIIX

Book on table | R

Person on wall §

: Hand on table §
Push | Other | | 3| | I

Springbalances

Static¢

| puil | Rope on_block ff 1 4
Other - 1

Walking N 1
Rocket =~ ~ { 1
Step off boat _ 1

y Contact | B Gun/ cannon
§ examples : _

P on car/crate

Pugh 2 skaters

~ |'Jet aeroplane.

Dynamie Astronaut
' ' Hammer on nail

P on pool walj _
_Other _ P 1

Horse/ car/ 3 ' A
person & cart -

——

‘Static | Book on earth :f

' Gravita - - :
| von- tione] Falling object | | |1

§ contact Dynamic
examples

Planets etc -

Electrostatic

‘Magnhetic

Shown together AN AR
Shown separated -} BERE

Objects

| Diagrans ! ‘Drawn at pt of contact | 2 2] |1

Forces [Drawn from c’s of mass § | 12

From ¢. of m of 1 body
Jother i | 1]




Tabia 71 AHERICAN TEXTBOOK EXAMPLES ON NIIZ

f_ TEXTBODK (See_ key beneath table 3)

1 Book on table

Person on wall

| Hand on 1able
Other |

Springbalances |

Static |
_ _ Rope on block

Other

WaIking
Rocket _
Step off boat

COQtact ' - | Bun/ cannon
exampies _

P on car/crate

2 skaters

J&t aeroplane

~Astronaut

Hammer on nail

P on pool wall
Other .

Horse/ car/
person & cart

i Pyil Other

Static | Book on earth

| Gravita
| Non- | -tional | _ Falling object

§ contact | | Dynamic -
§ examples '

Planets etg

Electrostatic
[ = stat’

Maghetic

Shown together

Object
]e? ® | shown -eparated

j Diagrams Drawn at pt of contact

| Forces | Drawn from ¢’s of mass

From ¢, of m:uf-j_bndy 1




CHAPTER FOUR
INTERVIEWS

Deta_i'ls relating to the interviews of teachers end teachers-in-training are presented in this
. chapter. First, the interviewees themselves are looked at: their qualifications and experience
- refating to téa.ching as well as other relevant information are tabulated and discussed, Then
the structure of the interviews is outlined, and the questions asked in the interviews are
analysed in tezi'ns of types of questions. Thereafter the piloting of the interview is described.
- The iast section reports on the transcription of the interviews: the decisions taken with regard
to punctuation, and the means by which transeriber reliability was established. The results of
the transcriber reliability analysis are presented. The analysis of the interviews follows in
chapter five, . ' | |

4.1. INTERVIEWEES |
A summary of the profiles of the seven final year teaching students (S1 - _S‘?} and the nine
physical science teachers (T1 - T9) interviewed is contained in Table 8 (p 43). This
information was obtained at the beginning of each interview. The numbering of the
interviewees _indicﬁfes the sequences in which they were interviewed. An explanation of the

© various categories in-the table follows.

4.1.1. Institutions |

The institutions Indicated in Table 8 are those where the interviewees were working or
studying when interviewed, Most of the teachers were teaching at schools in the historically
white Transvaal Education Depariment (TED), whilst T2 was working at the University of the
Witwatersrand (Wits), and T9 was teaching at a school in the histdrically black Department
of Education and Training (DET). The students were all studying at Wits or the Johannesburg
College of Education (JCE}



Table 8 : PROFILES OF INTERVIEWEES

§ INSTITUTION | QUALIFICATION | PH | M/ | YEARS | Std10
' A 1 1F TEACHING | YEARS
F Extra [0
F ) 0
| . M_ | Extra Extra
il STUDENTS M |3yrs 1 yr
] F | Extra 0
5 & JcE | HpE M jo  lo
II [M |o 10
L —— _ _ _
f TED Schoot BSc HDE 1 _F 5 5
dwits = | HDE BA - T fF [>10 |
} TED School | BSc HDE I M i3 i3
| 'TE#c”"R |14 J§ TED SLhool | BSc HDE 1 {F |15 [>0
: HERS ' : - ) B .
' R j TED School | HDE _ IE {M |>5 | »5
1 TED School BScHons HDE I F >20 1 >20
J TED Schoql' BScHons HDE I [F >0 |>20
:'TED School BSpHons'HDE I F | »20 >20
| DET School BScHons HDE I F 3 1
Kkey: ! indicates that the interviewee was part of the pilot study.
" PH indicates the number of years of tertiary physics.
Extra indicates onty teaching experience is in giving extra lessons.

4.1.2. Qualifications

Some explanation of the qualifications of the interviewses may be in order, BSc HDE denotes
a Bachelor of Science degree (a three year university science degree'j' with a Higher Diploma
in Education (a one year post-graduate university diploma) or equivalent - different instimtions
use different names for this diploma. However, HDE placed first refers to a four year diploma
from a teachers’ training college (such as JCE). Additionally some inierviewees had Honours
degrees (one year post-graduate), and T2 had a Bachelor of Ants degree.
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| In the case of the students. the HDE would be attained at the end of the 1994 academic year.
All students were in their final year of study. and ha.d physical science as one of their teaching

sub;ects Three of the four students at Wits had done the course "Physical Science Additional
:Smdies" in their HDE, where Newton's laws and the misconceptions associated with them had
beer addressed bneﬂy ' |

- __-Th_us éﬂi'- of the _intérviewees were either qualified high school physical seier. 2 teaéhers or were
B in the p'rocess of 'l‘iecoming stich, Strictly speaking the HDE obtained from JCE tor any

a teachers tmimng college. rather than 2 university) does not qualify one to teach Std 10, where

_Ncwton I is taught -However, it i5 general]y accepted that, given the prevallmg shortage of
-'quahﬁed semor physxcal science teachers, most people with this qualification are likely to end

- Coup teaehma Std 10, as can be seen with TS

_ PH indiéatés the number of years of tertiary physics which each interviewse had studied. "IA”
* represents the phsrs_ics auxiliary course which is offered to students  lanning to continue
- w_ith physiqs. Those who studied at teachers training colleges did physics for four years, but
[s_ihﬁe this is equivalent to two years of university physics, it has been indicated as such for the _
- purposes of cﬁmparison. As can be seen, no teachers with & university physics major could |
be found (apart from the researcher). - |

4.1.3. Gender
The gender of each intervie_wee (Male / Female) is also noted. That more female teachers
were interviewed is probably a reflection of the physical science teaching population.

4.1.4. Teaching Experience |

The number of years of experience in physical science teaching is indicated for each
interviewee, as well as the number of years of experience in teaching Std 10 physical science.
The students were mostly inexperienced, while the teachers’ experience varied - a fuil spectrum
is thus reptesented.  All of the students were completing the compulsory practical teaching
experience at secondary schools (which excluded Std 10 teaching), but this has not been
included in the table: only additional experience is shown. “Extra” denotes some form of extra

lessons - private tuition or Saturday schools.
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42. INTERVIEW STRUCTURE N |
" The mtervnewer ‘worked accordmg to the interview gutde given in Appendix 1. The exact
wordmg and order of the questions asked were not necessarily the same as the guide, and not
-all of the questnor_;s wcre asked _of every interviewee. (Patton, 1990:283),

421 Interwews-about—mstances

'I'he ﬁrst section of the mtervnew employed the Interviews-About-Instances (LAl method. Each
interviewee was shown__ three or four of the IAI cards, which presented the following situations:
- A ri'si'r't'r'r hbt air balldon | '

- A ball striking a skittle

U 'One mllerskater pushmg on another |

. Atugofwar '

= One steel block resting on another

- These situanons dlffer in complexity, so cards appmpnate for mvesugating the understanding -

of each individual interviewee were selected. The rollerskater example is the only IAL

_ _simat_idn 'us;éd_which is found in any South African textbooks (s¢e p 41). However it does not

. oopur i any of the books: used as textbooks by the teachers and the students under
' consideration. | | | |

- Each "intervieWee was first asked whether each of the. two bbdies in the situation exerted a
' foroe on the other one, rather than presupposing that he/she was aware of both of the forces
_ in the mteractlon The mtemewee was then asked to compare the magnitudes of the two
- forces. Apart from T1 ana T2, the interviewees were unaware that Newton III was the topic
of investigatioh: they had simply been told that the interview was about "an area of
mechanics”. Furthermore, this section of the interview preceded any mention of Newton IIL
Thus most of the interviewses' answers were not biased or .prejudiced'in favour of Newton Iil.

- 4.22. Other questiobs

The remainder of the intetview focused explicitly on Newton III. Questions were asked 1o
~ ascertain: _ | _ '

- which formulation of Newton THI the 1ntérviewee"pz'eferred {Section 2),

- whether the interviewee saw any and every pair of equal and opposite pair of forces as
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2 Newton [T pair (Section 3).
- . how the mtemewee ¢xplained any, conflict between his/her knowledge and actual use
of Newton 1l (Section 4}, ' '
- how 1mportant the inferviewee percelved Newton 11l to be in understandmg the concept
' -'-'of foree (Section 5). _
- n what de]}rh the interviewee taught Newton III, and which types of examples thc' |
: mtervrewce used in explmmng it (Section 5).

e - how the intemewee perceived his/her understandmg and teachmg of Newton III as-

" having developed (Section 5).

__ | 423.. Types of Questions
: Patton (199'0) classifies the different _types of questions which can be asked in an interview -
" the questions asked in this study are classified accordingly in Table 9 below. Al of the
| . " ':_'_(jﬁcstioné"refgrred' to-the present, apart from the last question which asked about past behaviour.
_ A number of the questions are dichotomous:._it was necessary to find out the interviewee's
stand before probing further. | | - |

“Table 9: CLASSIFICATION OF INTERVIEW QUESTIONS

TYPE OF QUESTION | QUESTION NUMBERS |

Knowiedge 12346781011 1213

Oplmon |51

Expenence/Behawour 16 18

Feeling - 9

43. PILOT STUDY _ _
The interview was piloted with students S1 - S4 and teachers T1 and T2. With the students, |
Mr Foster Lungit, an Honours student in seience education, was present during the interviews.
- and conducted two of the 1nterv1ews {83 and S4). The interviews were each analysed by the
 researcher and Mr Lungu and interpretations then compared and discussed;
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The teachers used in the piIot study were asked to coniment afterwards on the interview and
offer criticisms and ideas. The interview structure was adapted accordingly. A significant
adaptation was rnade after T1's interview: T1 commented that, by starting wnth 8 relatwely
stralghtforward mstance, the mtemewer had effecnvely led T1. Thexveaﬁer the interviewer
presented more complex instances first, and then included s:mpler instances afierwards if

' necessary

“In analysing the results, the pilbt interviews have not been distinguished from the rest, although
sections of these interviews where the mtervnewer was leading or probed msuff’ c1ently had to '
_ be xgnored

44. TRANSCRIPTION | |

The interviews were transcribed from the cassette tapes onto a word processor, Certain

decisions had to. made regarding format and punctuatlon, and these are outlined here. 'I‘he
process by which transcriber reliabxhty was estabhshed is then deseribed.

4.4.1. Conventions used |
Opinions differ on the extent to which a trenscriber should include punctuation. ~ A verbatim,
unpunctuated transcript is difficult to read, and as Kvale notes: '

"The verbatim transcribed oral language may .. appear as incoherent and
confused speech, thus implying a Iower level of intellectual functioning.”
{1988:56)

- The intention was rather to provide meaningful and useful transeripts, whxch involved doing
some interpretation and analysxs whilst transcribing,

So punctuation has been used to convey what the researcher imderstands the intention of the
speaker to have been. This does not mean that this is necessarily the way the speaker would
have punctuated his/her statements or the way that another transcriber would punctuate -
unavoidably the researcher’s style of punctuation comes through. But it seems reasonable to
claim that the interpretation, though not the only option, is valid. To make this process as
transparent as possible. the criteria and conventions used are outlined in Table 10 (p 50).
Examples of extracts from interview transcriptions are given in Appendice's 2 and 3. '
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Table 10 : CONVENTIONS USED IM TRANSCRIPTION

| SITUATION

CHANGE OF
DIRECTION

DESCRIPTION

| In conversat1on, 4 Derson may change

his/her mind in mid-sentence, and
reformulate what he/she is saying. A
slash is used to indicate this{

EXAMPLE

I think / 1
counld say

EXPRESSION

A transcript is not a full representation
of a conversation as gestures, intonation
and facial expression cannot be

‘accurately represented. Pauses as well

as some tones and gestures are indicated
in square brackets, and words which '
receive specific emphasis which is
heipful in understanding the meaning of

[siowly]

yery

. INDISTINCT
STATEMENTS

the speaker dre under]ined.

If it is impossible to make out a4 word or
words, this is repres-.ited by the word
"indistinct™ in square brackets.

[indistinct] |

IRRELEVANT
CHATTER

Statements which are judged to be
irrelevant are representgd b three dois.

LI I B

' INTERVIEWBR’
ENCOURAGEMENT

Words such as OK, alright, fine ete,
which the interviewer intersperses in
order to encourage the interviewee

STUTTERS

(without leading) have not been included.

Some peoble repeat words as they

formulate a sentence. These stutters, if |
| transcribed, detract from the sense of a

sentence and have been left out. Some
people use the word "um" as a matter of
course in conversation, so these have

"generally been omitted.

£.4.2. Transcriber Reliability

In transcribing interviews, there needs to be some check. that the transcriber is hearing

correctly, Transcriber reliability was checked by working together with Mr Lungu on
transcripts S1 to S4. Intérviews 51 and S2 were transcribed by the researcher, and then the
'tape -recordings end transcripts were handed to Mr Lungu who listened carefully io the tape

while reading the transcnpt, and noted any inconsistencies. One mconmstency was found, and

Me Lungu also queried a colloqmal expression which was used by S1.

The above method of chécking prejudices the checker in favour of the transcribe’s ve.rsion._
For an unprejudiced check, interviews $3 and S4 were transcribed by both the researcher and
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“Table 10 : CONVENTIONS USED IN TRANSCRIPTION

| SITUATION | DESCRIPTION
CHANGE QF In ¢conversation, a pefson may change I think / I
DIRECTIONK - - | his/her mind in mid-sentence, and ' could say

 reformulate what he/she is saying. A
slash is used to indicate this.

A transcript is not & full representation :
o . of a conversation as gestures, intonation | [slowly]
EXPRESSION | and facial expression cannot be '

: accurately represented. Pauses as well
as some tones and gestures are indicated
in square brackets, and words which .| very
receive apec1fic emphasis which is '

“helpful in understanding the mean1ng of
the speaker are underlined.

INDISTINCT If it iz impossible to ma.ke. out a word or [indistinct]

STATEMENTS words, this is represented by the word .
o "jndistinct" in square brackets. _

IRRELEVANT | Statements which are judged to be = e

‘CHATTER irrelevant are reprasented by three dots. T

INTERVIEWER’S | Words ruch as OK, alright, fine ete,
ENCOURAGEMENT | which the interviewer intersperses in
o order to encourage the interviewee
ithout leading) have not been included.

STUTTERS - - | Some people repeat words as they

' : formulate a sentence. These stutters, if
transcribed, detract from the sense of a
| senternce and have been left out. Some
people use the word "um" as a matter of
course. in conversation, s¢ these have
‘generally been omitted.

4.4.2, Transcriber Reimb:hty

' Tn tanscribing interviews, there needs to be some check that the transeriber is heanng
correctly. Transcriber reliability was checkec_l by working together with Mr Lungu on
transeripts $1to $4. Interviews SI and S2 ivére-tmﬁsc:ibe_d by the researcher, and then the
tape-recore 'ngs and transcripts ﬁv'ere handed to Mr Lungu who listened carefully to the tape
while reﬁding the &anscﬁpt, and noted any inconsistencies. One inc-onsiétency was found, and

Mr Lurigu also queried a colloquial expression which was used by S1.

_The above méthacl of checking prejudices the checker in. _favoﬁzf of the transcriber's version;
* PFur an unprejudiced check, interviews S3 and S4 were transcribed by both the researcher and-
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Mz_' Lungu, and the tr_aﬁsc_ripts were then compared. Where they differed, the relevant portions
of the tape were listened to over again by both the researcher and Mr Lungu, ekoept where the
dlscrepancy was over a word which made no dlffenence to the sense of the sentence {eg
_ would/wﬂl the/thls}

As a result of this process, for 53 and 54 respectively, 0,5 % and 0,9 % words {eg. the, sort .
of, by) were added to the researcher's transeript; and 1.2 % and 0.5 % words were _changed._'
Only one of the changes altered the meaning significantly: for 54, "when yor. Zust have your -

velocity” was corrected 10 "let me just add veloeity”.

‘There were 'however some woid's over which agreement was not reached, generally because
the speech of the mtervxewee was fau'ly garbled at those points. This amounted to 1.1 % of

8§83 transcript, and 1 0 % of S4's transenpt As a result of this, the researcher theveafter used
"[mdastmctl" on transcnpts more frequently, instead of trymr Y, make out words *hat were not
lear

Gverall the: agreement between the two sets of transcripts was sufficiently h1gh to claim that
transcuber rellabxhty was achleved

45. SUMMARY

All of the 16 interviewees were qualified or nearly qualified physical science teachers. Their
teaching exp.erience ranged ﬁ_'om no experience (except for teaching practice as students during
the HDE course) to very experienced. - Bach interviewee was asked questions using the IAI .
cards, and other questions relating to their understanding and teaching of Newton I1I, The pilot
study involved two teachers and four students, and led to refinement of the interview guide as
- well as the transeription process, Transcriber reliability was proved by collehoration with Mr
Lungu on four of the transcripts. Having.covered the details relating to the interviews and
their tranScﬁption,' the actual analysis can now be considered - this is presented in the

~ following chapter.
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~ CHAPTERFIVE
ANALYSIS OF INTERVIEWS

., The first step in analys.ng the interviews was to consnder each interview on its own, makmg

o sense of the ideas contained therein The second step involved conmdenng the interviews
: | 3-_together,_ comparing the various interviewees' responses to cach question. This chapter gives
e ‘the latter analysis, but also ident_iﬁes.'-pattems_ of tesponse to be found in certain individual -
- ~ interviews. On the basis of these pattemns, two hypotheses are formulated. | B

- The questions in the interviews were asked in a specific order to minirmise the effects of some

questions on responses to others. However a different order has been used in this chapter, in
order to deirélop ideas in a logical sequence. In some cases, a certﬁin-idea came thmhgh in
the answers to more than one question. Thus from time o time references are made to
sections of the interview other than the section under discussion, in order to elucidate a
particular idea,

51, CONCEPT OF FORCE

The first question of each interview was simply "What in your understanding is a force?",

- This served a dual purpose:_ it helped to ease the interviewee gently into the interview, and it

also checked that the interviewee's understanding of the term “force” corresponded with the
interviewer's, Apart from S1, 82, T4 and T9, every interviewee included the standard "push
or pull” description, s1 started with "It's something you apply”; S2 gave it as "something that
acts on something elss"; T4 launched into a more formal definition: and T9 responded in terms
of Newton iI, | |

~ However, the ability to define force does not preclude a person from holding unscientific ideas

about the concept of force, So, although S1, $2, S5, $7. T5 and T gave a description of force
which was not incorrect, their later use of the concept was not completely in line with
seientific usage. As discussed in sectlon 2.3 (p 9), there are iwo incorrect ideas which _c'_ome -




through strongly when one looks at research wh1ch bhas been done on people S understandmg
of Newtor HI: _ _ '

- Action and reaction forces can cancel '(.secti(m 231, p 100

- Bigger and faster bodies éxert gréatér forces (section 2.3.2, p 11).

Each of these ideas was held by sorne of the interviewees,

S5.1.1. Action and reaction can cancul
™2 gave an example of someop« leaning against a wall and stated:

"if they've leaning agarnst a wall, then theyné exerting a force on the wall, then _
the wall - must be exerting the same force back, otherwise the wall wou!d be
falfing over." _

The implication here is thatlthe- foree exe_rted by the person on the wall and the force exerted
by the wall on the person can cancel, {In fact, the reason that the wall does not fall over is
because there 'ar'e'other forees acting on the wall which balance the force exerted by the person
on the wall, } 52 apphed this understanding of action and reaction consxstently throughout her

1l'itEWlEW

Similarly, TS explained her problem with Newton IIT:

"Because [ take it if action causes reaction, they should be stabie, they should
be balanced, . If I am pushing this [pushes tape recorder] it shouldn’t move
because action/ what [ am applymg to this is also applying a force back 1o me,
so I'm expecting it t be stationary,” _

T3 showed a similar understanding at times, and also appeared to use the terms "force and
"resultant force" interchangeably.

5.1.2. Bigger and faster bodies exert greater forces
When T9 was asked for her understanding of force, she replied:

"Well, a foree to me it's something that involves mass and acceleration, the way
I've understood from maybe reading of textbooks, ... but I think in yesteryears
to me force was some sort of an external thing that makes things to be around
or to move, sort of." _

In other words, T9 started with the fairly standard preconceptmns that force is needed to keep
an object in position.or to make it move (section 2.2.1, p 7). But, as a result of her smdy in
physxcs, she had come to understand that force is defined in terms of the equation

F=ma
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This is correct but it became apparent from her use of this ides in later answers that she had
tied this up with the intuitive ‘idea that bigger and faster bodies exert greater forces, So.
instend of interpreting F as a force exerted on a mass m producing an acceleration a. T9 had
~interpreted it as the force which is ‘exerted by a mass m with an accele’rﬁtion .a. This
unclerstanding was reported amongst South African students by Jordaar 11993b, see section

C232.0p L2 SS demonstrated a similar understanding in sorae answers,

3.2 FORM OF STATEMENT OF NEWTON Il _
Questicn 5 of the it_iterview asked the interviewee his/her 6pinion on the best way of stating
Newton JII. As mentioned (section 2.5.1, p 18) researchers point to the need to be careful
about the form in which Newton Ifl is stated. A good form is one that refers to two bodies
~ and makes it clear that the forces act on two different bodies: ‘South African textbooks make
use.of two forms {%é Table 2, p 38): form A (if body A exerts a force on body B. then body
B exerts an equal and opposite force on body A) and the incompiete varsion of form B (For
every action there is an equal but opposiie reaction). Tha latter is more popular in the
- textbooks currently in use. However as discussed (secnon 33, 1 p 24), form A is superior,
and is m fact the form Wthh appears in the core syllabus. '

521 -Studeﬂr.sf | |

The textbooks used by the students for first year mechanics (Giancoli, 1991; Kane and
Sternheim, 1983) both give form A (in the form "If one object exerts ..." - Table 4, p 40).
Giancoli also mentions the incomplete version of form B but notes its ihfédority. However
only two of the students, S3 and S4 (the only'. students with any Std 10 teaching experience}‘
gave form A, and both started stating form B and then corrected themselves For example, S3
stated: '

"For every action that is épplxed to a body / OK, let me say it right: if body A
exerts g force on body B, body B will exert a force on body A that is equal in
magmtude to the original force, but opposite in direction.”

"Let me say it right” indicates that he was aware that the form which lie then gave is supenor
to the form which he statted Wlth

However he made the mistake of adding "will", which puts the second phease into the future
tense, and. thus detracts from the stmultaneity of the two forces. (As mentloned in section

54



3.33,p25, thzs variation is also given in the textbook by Pxenaar et al., 1987, and in two of
the teachets guides). Interestingly, S6 claimed that he:
"wouldn't have the fa.mtest idea of any fonnulated way of stating it"
but then in explaining what Newton III means, he pave forrn A (also using "will" in the second
phrase). '

_’I‘he remaining four stuc:lnts.all pave the 'incomplet_: version of form B, with Sl and $2-
initialljr unable to recall just which law Newton III is. However the lecturer who had taught
the JCE students (S5 - S7) phjrsics in their first yeai_' said he followed Giancoli closely, and the -
lecturer who took the Wits students (St - 54 for the "Physical Science Additional Studies”
course (nien’rio‘ncd on p 4€} had poimed out that é.uch a version was incomplete and inferior.
So these students probably recalled the form they were originally taught at school, & form
which is appea]mg because it {s easﬂy remembered $2 could remember of the lecture on
Newtons laws thatt

"There's a catch which T wonld have to go over because we were taught about
this - there's a ¢atch and in schools there, it's always- taught without this little
- phrase at the end..." :

The "catch” which she refers to is of course the second half of the form B version of Newton
HI, which is usually omitted. Her interpretation was. that somehow this “catch” changed the
meanmg of Newton III,

5.2.2, Teacbem _ _
All of the teachers interviewed used one (or more) of the texthooks which give Newton III as
the incomplete form B, except for T2 whd had used Broster and James (which gives form A)
but was not teaching at the time. Not surprisingly, tlien, more teachers gave the incomplete
form B, T1, T2, T6 and T7 gave form A. However T1 and T2 put the second phrase in the
future tense. Whilst they may have been mﬂuenced by the IMSTUS guide {Saayman 1988),
it is likely that this was an inadvertent slip. T7 noted that

"people often say action-reaction, but it can be a hit of a problem”
which reflected her awareness of the inferiority of the incomplelé form B.

Sirailarly, T4 and T8, alihough they gave the incomplete form B, did so with
acknowledgement of the problems associated with it. T4 explained: '
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"Well, we do tend to say for every action thee's an equal and opposite reaction,
but I think that's misleading. One needs to say that there are two bodies
involved, that it cannot / the equal and opposite actions cannot océur on the
same body, ... So when I define it, yes for quickness I say for every action

. there's an equal and opposite reaction, but I always write it there in little

. formula-type thing to show that body A / the force on body A equals minus

force on body B. So yes I supposc 1 do use the recognised definition, but I
don't really like it, and I always pomt out to my kids that there's got 10 be two
bodles involved."”.

'l‘he phrase’ "reeogmsed definition”™ implies that T4 sees the form given in 1extbooks as

somehow more legitimate,

. T9% mcon'ect interpretation of the equation F = ma (sectlon 51.2,p 53) conﬂlcted Wlth her
understandmg of Newton 1l - a conflict she realised and atticulated welt. -

5.2.3. Statement and application

_ _Stéting Newton {If is one thing; applying it broadly is quite another, 'Yét there seems to be

a strong link between the fornt in which somreone states Newton Ll and their degree of success

~-in app'y mg it broadly The technique of Intemews—About Iustances (IAI) described in section
2.1 {p 47) was used to discover whether each interviewee apphed Newton III in practical -

situations. The responses given are discussed in the next section.

For 12 of the 16 interviewees, the correlation between statement and-application was as -

- follows:

= 6 interviewees (53, 84, T1, T2, T6 and T7) gave Newton III il form A, and applxed
it correctly to every situation which they were presented with, _

- 6 interviewees (51, $2, 85, 87, T5 and T9) gave Newton iIJ in the mcomplete form B

and applied it corcectly in at most half of the situations which they were presented'

with. ' ' '

Of the remaining four interviewees, T4 and T8 gave the incomplete form B and applied it
‘correctly - throughout, but écknowledged the inferiority of this form. T6 did not give 4
statement of the law. Th;is T3 was the only person who did not indicate any resetvations
about giving the incompleté form B, and yet applied Newton Il{ correctly throughout.
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Thus it seems’ reasonable to hypothesme _ :
- HI: A teacher or student teacher who gives Newton HI in form A is more likely to applv '
it correctly to all situations than one who gives Newton HI in the incomplete form B.
Of course, given the small and non-random nature of the sample used in this study, this
Hypothesis cannot be assumed to be broadly generalisable. However, it does seem logical,
“since form A is a superior form insofar as it makes it clear that the two forces act on two
~ different bodies. - The hypothesis also applies exceptionally strongly. with the sample in this
study. Thus it can be tentatively suggested that this hypothesis might well apply more broadly
than this sample, |

3.3 APPLICATION OF NEWTON III: IAI CARDS

What follows is 2 discussion of each 1Al curi used and the responses of _thé_ interviewees.

Each interviewee was asked whether each of the two bodies int the situation exerted a force on

the oﬂxer one, and then asked to compare the m:_ignitudes of the two forces. As mentioned
\section 4.2.1, p47), at this stage of the interview, most of the interviewees were unaware that

Newton I was the topic of mvestlgatmn, so that their answers were not bxased or prejudiced

in favour of Newton IIL. -

5.3.1. Hot air balloon

T9's. response to the hot air balloon situation is interesting.. When asked whether the earth
exerts a force'. an the balloon, she applied Newton III, but incorrectly, as implying that there
must be a pair of forces acting on the balioon. Since the forces on the baoon are balanced
{no acceleration}, she concluded that the force exerted by the earth is the reaction force to the
upward force, This corresponds to the finding of Terry et al (1985) that many students invoke
- Newton HI as a reason for equilibrium (section 2.3.1, p 10}

When asked about the force exerted by the balioon on the earth, T% again made reference 10
Newton III, this time applying it correctly, When asked to compare the sizes of this pair of

forces, she answered, consistent with her earlier logic, that the more massive earth would exert
| the greater force, but then articulated again the conflict which she perceived between her

understanding of force and Newton ITI:



" "But then still I have a :
problem because : i - Hye
somewhere Newton's A hot air balloon rises sieadily:
saying, irrespective of- '
the masses of the two

~ things. they would still
exert the same
magnitude  of force.

" But according to me,

- it's not clear that much

to me, how possibly is

that when something is
~ small and the other one
. is big, and you expest

“them to ¢xert the same
foree." - .

Four of the students’ with no Std 10
teaching experience (1, 52, $6 and

'_S’?) s8W - the force e‘cened by the . :
‘balloon on the earth as being either  Figare 2. HOT AIR BALLOON

'_non—e_xtstent or very_small. but, unlike _
T9, did ndt' identify any conflict with Newton III st ekpressed her aﬁswét with reasoning in.
terms of mass, similar to T9: '

- "] suppose in relation to the earth its weight / its mass wouki be too little to
actually, sort of, exert a force. I don't know. Maybe it would but I mean the
‘planets do, the moon does affect the earth. so that is an object - maybe it
would, {indistinet] not to any great drgree.”

Interestingly, 86 made reference to Newton's Law of Universal Gravitation (LUGH, quoting the
equation in full, yet did not appreciatg that this gives the same magnitude for each of the pair

of forces.

Law of Universal Grawtatxon

 Apart fmm TS. all of the teachers identified the forces as equal in maamtude although five
answered. quite correctly, in terms of LUG rather than Newton III. However, it was eye-
opening to discover that TS and T8 did not see Nev+ n Iil as including LUG. When asked
later in the interview abou: whether there are any exceptions to Newton [II. T8 (a very
experienced teacher) first discl.;ssed centrifugal and centripetal forces, and then, unprompted,

moved on to gravitatjonal forces. The transcript of her gradual realisation that Newton I does
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~include LUG makes for fascinating reading (Appendix 2). At the end of the discussion, she
' agreed that she had deﬁmtely seen Newton III so]ely in tertns of contact forces prior to the
- mtemew and added: S

"You see ore always thmks of a horse pushing a cart Imdlstmct[. a rocket
carrymg its fuel .. . _

In section 3.7 (p 33), it was observed that all but four of the twenty-two textbooks examined
limit theit exam.plés. to cbntact examples. So the examples used give the impression that
_'Ne:wton HH applie§ only to contact forcés, despite there being no restri_ctions':given hi
statements of Newton IL. For T8 this impression remained unchatlenged until the interview.

5.3.2. Ball and skittle
‘The next JAT card showed 2 ball | _
rolling towards a skittle, This | A rolling ball strikes a skittle:

situation was investigated by
Bmwn (1989), who found that
' orily.S % of Fis sample-'(stu.'dents
who had studied Newton's laws) |

" thought that the forces were | ' _ [ :
‘equal in magnitude, 94 % saw - - -
the ball as exerting greater force, o R o
(See section 2,3.2, p 11 for mote : O B |

details of Brown's study.) The |

sample in the present study fared
far better: all but T2 were asked
~on this sitvation, and ouly Si, $2. S5, TS and T9 thought that the forces were not equal.

Figure 3. BALL AND SKITTLE

- T9's answer was consistent wﬁh her previous responses in which éhﬁ applied F = ma
incorrectly. She felt that if the masses were equal, then the forces would be equal, Howaver .
given the situation of a more massive skittle, she referred to the velocity of the ball, indicating
that she was not sure how that would affect the situation.

Despite havi_ng. applied Newton [II éorrectiy in discussing the hot air balloon, S5 applied'the
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same 10g1c as T9 on thls example

.. force is mass times acceleration - so obvnously the one with the greater mass
would have greater force, would apply a greater foree.”

B SI and S”s answers reflected the "forcefulness" Jidea: they both felt that the movmg ball

" should exert a greater force. §2 explamed

"Well, the thing is, the ball has got momcntum " _ _
Sl took tbe idea further, feeling that once the skittle starter’ moving, it would also "have”
force: ' '

"Because theres movement 1 suppose - the skittle isn't moving. Movement
would have something to do with it, but then once the ball has hit, the skirtle -
will move. Maybe its foree would most likely be equal at that stage once 1ts
hit." '

System Confusion | | |
T5's answer revealed a very interssting confusion in the use of the term "system”. The term |
is used m two different ways in medhanics: 2 "system of forces” are forces all acting on -oﬁe
body, and an “isolated system”, in which momentum is conserved, generally refers to two (or
more) bodies, with no external unbalanced forces actmg on the system. When asked why he
felt the force exeited by the ball would be greater, TS5 used system in the first sense, and then
‘went on to alk implicitly about a system in the second sense - it appears that he did not
register the difference between the two: | ' -

"Because you will not / the .systcm will not be in equilibrium aﬁerwards
Because the momentum before must equal the momentum after.”

This answer reflects the problem which confusion of the two types of system can lead to: if
a system of forces ié seen as involving more than one body (like an isolated system) then all
~ of the forces acting on two bodies can be added together. According to this logic, the Newton
I pair of forces between the bail and skittle can be added together. Thus, since a resultant
foree of the "system” is necessary to account for the changes in motion of the ball and skittle,
the ball must exert a gﬁater force than the skittle.

In explaining why one body exerts a greater force than the othér in a subsequent situation (the |
tug of war), S2 demonstrated a similar confusion regarding the term "system:
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“The forces would be opposite but not equal, because if they were equal, then
the system would be int equilibrium, and none of them would be moving.”

The system which she refers w is that of both bodies, but she has vsed this in connection with
forces in equilibium. Such confusion of the two applicﬁtibns of the term "system” may well
be part of _t'he reason for the common incorrect idea ttiat action and reaction forces can cancel
(section 2.3.1, p 10 and section 35.1, p 28).. o

533 : Ho]!emk‘atem

‘The situation of two rollerskaters

One rollerskater pushas against

with one pushing against the another:

othef is very similar to one in | |
the study by Erown (1989, see
section 2.3.2, p 11;: two people
sitting on office éh‘ﬂi-rs. with one
pushing = against the other.
* Before instruction oxi_ljr 17 % of
the students thouwght that the
forces would be equal - this rose
to 44 % after instruction. 93 %
of those who were still incorrect
thought that the pusher would

Figure 4. ROLLERSKATERS

exert the greater force.

As described (section 2.5.2, p 1.9). the situation of two rdllerékatefs was investigated by Terry
and Jones (1986). who found that 90 % of their saniple could answer questions about two |
equal mass rollerskaters correctly, but they put this down to the fact that most had seen this
demonstrated in the classroom, since only 50 % answered questidns'about skaters of unequal

mass correctly,

Force and Motion Link |

In the presénf study, of those asked about the rollerskaters (all except 51, $2 and §3), all
_eventually ended up stating that the forcés exerted by the two skﬁ._ters are -eqﬁai. However, T3,
T3 and T9 ashed é,bout the movement of the skaters. This suggests a strong association of .
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force with movement - that the movement of a body is an indication of the sttiength of a force
exerted on it.  Such an idea stems from the "supp, of force” notiors ;section 2.2.1, p 7). If
the interviewees assumed equal movement of the skaters meant equal forces, then the correct .

answer appears to have been given for the wrong reasons.

However T3 and T5's answers were not -clear and the intervieWer did not probe sufficiently,
so conclusions eannot be drawn, T9's response was clearer: - '

T9: "Because / what is happening, is P pushmg Qand Qis movmg. as hes
pushing? O is he staticiary?"
INTERVIEWER: "They're both freg to rnove. ee We've-redueed the friction by
putting them on rollerskates.”

T9: "So if they are both able to / free to move then it means they are exertmg
‘the same amount of force on each other.”

It appears that T9 equated “free to move” with actual movement. Since she saw both as
moving (presumably equally), she felt that the forces must therefore be equal. Since she
understood F = ma as defining the force which can be exetted by 2 .body. it could weil be that
- she understood.tlie forces exerted on a body in terms of the j'supply of force” idea.

Opposite but not Equal | | | _ _
SS referred immediately to Newton I when aske  ‘hether Q exerts a force back on P:
“*Yeah, Newton 3. It would have to be exerting a force." '
But when' asked about the relative sizes of the forces, she responded:
.I WOl.lld think that P would be exerting s preater force on Q than Q on P.*

This suggests that someone can absorb the fact that every force exerted has a partner without -
appreciating that the forces are equal in size. When the conflict in her statements was pomted -
out to 83, she resolved it;

INTERVIEWER: "You said Newton’s third taw. How dces that fit in there?"
§5: "Um. For every foree or action there's an equal and opposite reaction. So
-rightfully it should be equal. The force that P exerts on Q should be equal o
the force that Q exerts on p."

5.34. Tug of war

The situation of two teams engaged in«tg of war i smular to the classical horse and cart
situation. A rope was deliberately not in¢luded in the 1llustration, so that the forces on a rope

wonld not have to be considered. The intuitive response to this situation is that the team
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" which pulls ‘more strongly wins,

based on the incorrect idea that _ In this tug- uf-war team A is busy
' winning:. _

the action-reaction pair of forces
can cancel, In fact it is the team
which exerts 4 greater force on
the ground which win_s.
'Mwakapenda'_ {1994) found that
only 1 of 7 Std ¢ and 10 South
African physical scienice teachers
who énended an in_:,;e'rvide
workshop thought that the forces
were equal.

Figure 5. TUG OF WAR

Giancolt, which is the textbook used by most of the students for first year physics, devotes
nearly a page to an explanation of why a cart moves when it is pulled (1991:74). But the
logical argument sresented had evidently r_iot had a lasting effect on S1, S2, 86 and $7, who

- pave the response that the winning team exerts 2 greater force. TS also answered in th__is way.

87 then modified his fmswer to:

“the force would onIy be dlfferent if one of them was accelerating in the
opposite direction.” : _

In other words 7 thougnt the forces could cancel but hte took cognisance of Newton's first
two laws of motion, according to which rest and constant velocity are equivalent situations..
Malongy (1984) found the same interpretation with 2 number of his students {section 2.3.2, P
12). | o ' '

55 stuck with her F = ma interpretation, stating that probably the one with the greater mass

or the preater acceleration would win.

Action and reaction interprétaed as "one force"
53, 84, T2 and T6 were the only other interviewses who were given this situation, and they

calt  .vethe forces as equai in magnitude, However it later emerged that S4 had resolved the |
- conflict between the scientific answer and the inmitive respouse by secing between the two
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teams TWO action-reaction pairs: .team_ A
deliberately _exerfs a force which has an
equal and .opposite' reaction force, and team
B exerts another fesser force which also has

an ejual and opposite reaction force. In

other words, S4 resoived the fact that team A

is v .ming_'by_ seeing them as exerting a | N o
greater force than team B, but saw each of  REACTION ACTION

: - F, F, E
those two. forces as having an equal and | - &Emd DB,
opposite reaction pariner, Le. four forces : ;CHGN : QEACYEON |
o : _ BonA - L4anm
between the fwo teams. 54 had not (4"—- —

consxdered ‘the friction foroes between the

teams and the ground. : Figwe 6. ONE FORCEWTERPRETA TION

S7 demoopstrated & siinilar "one foree™ tmdefstnndil)g. After stating Newton [II he was asked: -
to explain it, and replied: a

_ ”Something you apply a force to must {pause] give a force in the opposiie
direction, (How do I explain #t?) Everything you apply a force to must give
that same force back to you but in the opposite direction.”

Similarly, m discussing the rollerskaters, he had stated “there is only o force” in referring
to the interaction, and in further discussion of the tug of war (after staring Newton III), he
explamed | '

.. if B wasn't exertmg a force at alI and A exerted that foro., and B wasn't
exertmg a force, A would seem to feel a force that B is exerting on ii due io
the fact that it/ it would be A's force in other words, A exertmg aforceon B
will feel as if that same force is being exerted by B on it"

This "one force" understandmg very neatly compromises between Newton IIf and intuitive
understanding. Moreover, it does not ensily come to light, since the person holding it could

stifl give comrest answers 1o diagnostic questions (as S4 did).

53.5. Steel blocks

The situation of two stanonary steel blocks is analogous to the example commonly quoted for
Newton I(I of a book (or other object) resting on & table. It was only given to S3 and T1 {who

were certain the forces were equal) and to the interviewees who had not considered any of the
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pairs bf_ forces in the other situations equal: [ _ : _
St.x adT9, | One steel block rests on another:

St and T9_ both lfelt‘ that the more massive
block would exert the greater force, in line.
with ﬂle:idea that bigger and faster bodies -
exert greater forces. T9 once again [ A

articulated the conflict between Newton 11

and the idea of the more massive object

everting the greater force,

"Aren't they equal? fpavse] I -don't
know - the thing is that I've got this
thing of Newton's law in my head ...
that action is equal to reaction
~always, and different bodies / this - : :
- foree exerted on different bodies, But = Figr~ 7. STEEL BLOCKS
. I'm not sure of the magnitude of the ' :
forces, 4s to whether, because the B -
is smaller than A, would it exert a smaller foree ¢ .0, but then Stlll contradlcts
the law -would that be the case? But the law says there would be the same
- magritude of force, if thers was 200 Newtons exerted on this one, this one also
. exerted 200 Newtons on this one too. Bui I know they are ... directly
proportional, the mass and the force, becanse F equals to m a." :

$2's answer wes consxstent with her undemtandmg that action and reaction can cancel
"Well, I imagine theyre equal, because it's not going anywhere."

53.6. Relative difficulty of the situations |

Since niot everyone interviewed was given every IAJ card, it is meaningless to simply compare
the total nuraber of correct answers for each situation to assess the relative difficulty of the
~ situations .for the interviewees. However, the folir interviewees who applied Newton Il
correctly in only some of the situations were all given the same situations (all except the steel
blocks), and so their answers can be compared. For therri the most difficult situation appears
to have been the tug of war, where not one of them régarded the forcés a8 equal The
remamnng three situations seem to have been on a par in terms of dlfﬁculty for these

IDIEWKBWCBR
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All of the interviewees except Tl and T3 were also asked which of the situations they rega.rded
as bemg more difficult to understand (question 14), This produced a range of responses, some
of which contradicted each other. For example, T8 felt that the examples involving people {the

rolierskatcrs and the tug of war) were more difficult. But S4 identified the problem of forces - -

exerted by inanimate objects (section 2.2.3, p 9 and section 3.6.2, p 33x

"I think what makes it a [ittle bit difficult with this one {ball and skittle] also .
is the fact that it's inanimate objects ... and you always expect forces to be
applied when things are / ... even if they aren't ative. but they must have at
least those charactenstlcs, you know hke maybe a machine or something that
can apply a fores, ...

Howcven 54 did observe that the rollerskaters presented a bitof a problem:

. "It's two animate objects and the one [P] is pushmg the other one [Q] physically
. and the other is not really pushing back in the same sense that thxs one {P]
is pushmg that one there.”

T and T4 also saw the mllerskaters a5 not so easy T2's response (which tied up with her |
slight hesitation when ongmally presented with thxs s:tuanon) was in terms of the internal
foms at work: ' ' '

"It's sort of rather like saying, you know, "does this arm exert a force on this
hand?" [indicates her arm and hand] .. so that's quite hard to draw a line
where does the one push start ..."

54 also made the distincetion between forces which are exerted over péﬁod of time and forces
which are exerted “instantaneously” (such as with the ball and skittle) - seeing the lattef as
more difficult, Strangely, despite his choosing of th_e ball and skittle situatio_n as the most
difficult, S4 had in fact answered it easily and confidently, but shown some hesitation with the
~ rollerskaters, Perhaps his answefs to the question of difficulty reflect the problems which he

has discovered his students have.

- Certainly, T4 and T7 immediately answered the question in te:rmS.of which situations they find .
sfudents have more difficulty with. T7 answered in terms of Newton II: she _saw_. the hot air
balloon as more difficult for students o understand, because of the fact that the balloon is
moving in the opposite direction to the force being exerted on it by the earth, |



54. UNIVERSALITY OF NEWTON IIl
- "Jordaan (1993b) notes that students tend to introduce “extraneous conditions" to Newton 11,
such as the ideé that it only applies to bodies in equilibrium. The first interview .question
which addressed lhc universality of Newton III was question 8, which asked whether thé law
applies to any pair of bodies which interact. In addition thosé interviewees who had not given
all the pairs of forces as equal in magnitude were asked whether they thought Newton L
.applied in each of those snuations

Int response to c’mestioﬁ 8, not one of the interviewees picked up on the limitations with forces
applied over large distances (see section 3.5.4, p 30). Most of the interviewees (T1 - T7, S3
and $4) answered that it applies to all bodies. But it was interesting to see the hesitancy of the
answers of evén'thosé who had been completely confident about their answers to the IAI cards.

| For example T7 (& very experienced teacher) responded. -

._ _ [Pause hesuantlyi "Not to my knowledge. I think it's any interaction. I think."

o .Thl‘.:r may be due to the fact that the questlon was in uffect slightly leading, mlplymg that
| _ exoeptlcns do. exist, as 8$2's response reflected:

| . "Thene must be liits, because othermse you wouldn't be asking.”

540, S’fam.s of scientific laws
" 85's Aanswer to question 8 is mtcrestm,g

$5: "To most."
INTERVIEWER: "Okay Would there be any exceptmns""
- 85 [Glggle] “Thete's exceptions to every rule.”

85 had mterprtted scientific taws in the same way as, for example, language rules which
always have exceptions, rather than as universal natural laws. T9 reduced the status of
scientific laws as well:

"I think because it's just a law - it's just a scientific law developed by
somebody, there are other things probably that it does not cover.”

She also suggested that it had perhaps been superseded by more recent research.

54.2. Only contact-push situations
As described (section 5.3.1, p 58), T8 had made the assumption that Newton Ml applied to
contact exarnples only. 56 and 57 made a similar assumption - in fact they gave remarkably
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similar answers to the question of exceptions: both first indicated that there were no
exceptions, but then feit Né\iftm 1l did not apply to the hot air bai!oon situation, and 50
concluded tentatively that It only applies to contact forces. -(This talfied with the fact that S7
" had referréd to the fact that the bodies were in contact when .diséxlssing two of the JAI
sitvations.) Both $6 and $7 had seen the ball and skittle, and the rollerskaters as eXert’ing.
equal forees. but both had felt that the winning team would exert the greater force in the ﬁ.lg
of war, When the tug of wWar was raiscd again, 56 looked for some justification for his answer,
- and picked on the distinction betweeh pushing and pulling. His argument {Appendix 3 JI is an
 interesting example of an attempt to fdrce the théory to fit that which "makes sense”.

57 had alluded to the difference between pushicg and pulling, when discussing the tug of war

IAI card mntmlly He had spontaneously compared the tug of wat situation to the rollerskaters,

but had COncluded of the skaters '
"You've got a different situation here, because they're separating.”

This tendency to think of Newton 11T only in terms of pushing examples corresponds to the
‘chostering of examples in this category found in South African textbooks (see section 3.7.1, p
33, and p 41), | |

5.4.3. Only stationary bodies

S1 and S2 lirited the situation even further: after .so'me discussion, each one concluded that
it applied only to stationary bodies. But S1 had said earlier that the larger of the {stationary.)
steel blocks would exert a greater force '{see section $.3.5, p 65). When this TAI card was
presented to her again, she realised the conflict: '

INTERVIEWER: "Earlier you said that A exerts a greater force...

S1: [Quickiy] "Ja, I know that's why I'm thinking, that's why I'm thmkmg 1
did say that but now I'm saying no they‘ve got the same forces - which is not”
my original 'no'."

INTERVIEWER: "OK, you said Newton's law applies to stationary bodies
though."

S1: "Ja, um."

INTERVIEWER: "You can think it through aloud if you want to a bit - you
don’t have to be certain of these things.”

S1: "No, the only thing that's bothering me is the different sizes of the objects.
If they were the same object, then I'd say definitely, but they're not. But then
when I think of a man and car, that's not the seme size object either - so maybe
I'd say Newton's law does apply there.”
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S1 had quoted the example of the man and car in explammg Newton 1II - it is probably an -
example she bad come across in lessons or in textbooks. The assumption that a larger body

. exerts a greater force is consisterit with the "forcefulness” idea which was also reflected in an
earlier answer of SI's (see p 60). Here and elsewhere (see p 58) S1 showed her ability to
cormpare different situations, abstracting thc'common physics. Yet it appeared she had not
abstracted the physics of the man and car example successfully, This points to the apparent
simplicity of Newton TIL, which is in fact deceptive.

55. NOWTCN II AND INTUITION
‘This deceptive apparent simplicity of Newton III, together with the fact that research has

st -~ concept of Newton III is genemlly not an intuitive one prompted question 9,
W _ viewee whether the law made sense. Interestingly, there is no pattern in
people . . - -'meone who had applied Newton IIT confidently to the JAI situations was

a8 like'v 10 give 2 ... - 4€ rESPONSE as niot, as was someone who had not used Newton III in
every situation, T2 kinted at a possible reason for this; towards the end of her interview she
commented |

"I meart no-ope really believes this stuif ... partly it's a matter of being familiar
with it."

In other words, it seems she had not assimilated Newton DI into her understanding of the
world, but had learnt to use it. However, others such as T8 appear to have assimilated it
completely: '

"T've lived with it longer than I have / than before I was introduced to the law.
So to think back all that time before having perhaps had to think about Newton
3 /T would like to suggest it's intuitive, because there’s quite a physical
interaction which goes on - there 50 many physical examples that there must be
an intvitive response to that, I would say."

T2 claimed it made sense, though she did not use it in the TAI's, This again reflects the
deceptive apparent s1mplnc1ty of Newton HI. §7's response to question 9 spells out this
apparcnt simplicity beautifuily:

. It did, it did until now. Um, ja always thought it was the most easy / the

easwst thing to understand. T haven't really dealt much with it since school

- though, But I always thought it was quite a simple thing to understand. But
ja, no it's/ it doesn’t make very much sense now, to be honest with you."
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T5, who had not met wnth too much success in applymg Newt'm Hi, expressed his dilemma'
as follows: '

"It makes sense to me in theory. but in practice, no. [ do understand that if a
foree is applied to a body. then the body will apply a force to it but uh - I think
in theory, yes, but not in practice.”

The dlstmcn_on between "in theo:y and "in pmctice“ again points to the deceptive apparent
simplicity of Newton III: “in theory"” seems to refer to the simple statement of the law, which
looks straightforward, while "in.practice'_‘ refers to the application of Newton I to situations,
which TS had demonsn‘ated his difficulty with, - ' ' o

56. NEWTON L VERSUS NEWTON Il PAIRS

© As noted in secti. 5.1 (p 28), some textbooks give the 1mpressmn that Newton Il results
in a state of equilibrium, Le. there_ is & confusion between_ Newton I and Newton I pairs of |
forces, Furthermore, Terry and .I_ones (1986) found that some students, having been raught
Newton I, invoked it as a condition for equilibrium (section 2.3.1, p 10} To ascertain
whether teachers also make this kind of error, questions 10-and 11 were included in the -
interview, which asked about the forces actiﬁg on a pen lying on a desk. '

The crucial element that needs o be recognised here is that two forces acting on one object
cannot be an action-reaction pair. The importance of realising this was emphasised by three

of the interviewees who applied Newton II correctly in all of the IAl situations. Forexample, -

after answering that the law made sense to him, S3 added:

“but I think the thing is that have to be aware of that the action and reaction
forces have to be on separate bodies / have to occur on separate bodies I think
if you bear that in mind, then it makes sense.”

T4 gave the emphasns when statmg Newton ITI (see section 5.2.2, p 56), and T8's response to
the question about exceptions to Newton III included the followmg.

“I always try to identify, number one, dre there two bodies because if there's
only one body. Newton 3 doesn't apply and I think this is where most people
make a mistake talking Newton 3 glibly and they're discussing one body. So
there must be two bodies - the one body must act upon the other and therefore
the other one reacts vpon the one,"

Since the discussion immediately preceding questions 10 and 11 had been about Newton IIL,
most of the 11 interviewees who were asked about the forces acting in the s{tuﬁtion of a pen
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lying on a desk automatically gave their answers in the form of Newton 11 pairs, for example
T2 replied: - ' '

"Well, the pen's exerting a force on the table, and the fable’s exernng a force
on the pen, and the earths exerting a force on the pen, and the pens exerting
a force on the ea

QObviously, everyone who gave a Newton Il pair of forces was able to correctly identify them
as such, But the interviewer failed in many cases to also check that the interviewees could

recogmse that two forces actmg on one body are NOT a Newton [If pair. Thus no broad

' conclusmns can be drawn fmm this section of the interview.

However, some of the answers given are interesting in that they. eXpress the cohfusion aﬁout
the weught of an object noticed in some textbooks (secnon 3.5. 1 p 29). T5 was asked 10 give
some of the forces acting on the pen. and replied:

"Well there's a force, gravitational force pulling down towards the earth, force
that's created by gravity, on the surface [ta%le], and a foree from the surface
[table] on the body [pen] that's equal and opposite to that force."

He mentions the grav1tat10na1 force on the pen, but specifies it as a force actmg 'on the
surface”. As noted, this mistake is aiso made by some textbook authors, who give the weight
of an object as a force exerted by that object rather than a force exerted onit. TS saw the two

forces he gave as an action-reaction pair.

S4 and 57 both saw a strong link between the weight of the pen and the force which it exerts
on the bench. since the former causes the latter. For S7 the causal link meant that the two
forces on the pen are an action-reaction pair: |

"because the desk is only exerting a force on the pen because of the weight of
the pen.” _

The problem seems to be bis mterpretatlon of the misleadmg ‘action-reaction” terminology.

54 seemed to confuse the two forees, using them intemhangeably:

- "The weight of the pen and the force that the table exerts on the pent upwards -
those are reactionary forces. | meari they are the one / the pen is exerting a
force on the table but it's due to its weight, OK so due to gravity, and so the
reactionary force to that particular force is the foree the table exerts on the pen.
I'm not sure if that answers your question.” :

When he was asked specxfically about whether the two forces actmg on the pen would be an

action-reaction pair, he answered it the affirmative.
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The most surprising answer came from T8, whose emphasis-on the fact that the forces act on
. two different bodies is quoted {(p 70n '

"So the bench rests on the floor so gravitational force down on the ﬂOOx
~ supplies a reaction force up otherwise the bench would go down."

Here she first gives the weight of the bench as a force exerted on the ﬂoor. and then :mphes
that the two forces cancel. In discussion, she also indicated that the two forces on the pen

were an action-reaction pair, and that the two forces on the bench were an action-reaction pair. . -

When the interviewer probed forther, she corrected herself,

5.7. THE TEACHING OF NEWTON I
35.7.1. Importaﬂce

Question 15 was designed to assess teachers feelings about the sxgniﬁcance of Newton HI in

school science. However, particnlarly in the context of an interview which had focused on
Newton I, it turned out to be very'leadin'g. "How important" implies that it is important, and

so interviewees tended to find some or other reason for its importance. ‘(A better question

" would have been "Do you thmk this law is necessary in school science? Explain"). In fact T6 '

was the only interviewee who expressed a negatwe answer:

"It has its place but I think we overemphasnse things which we actually

- shouldn't at the level the children are at - 1 would rather see us emphasising
principle of moments and things which the children can actually verify
practically, simply in many cases themselves. Do the Archimedes principle, the
upthrust - all that sort of thing which can be done with simple practical
apparatus, vather than these. It's a bit theorencai for the children, this sort of
stuff, I think." '

So it is not particularly meaningful to analyse interviewees' responses to this question.

However, WO responses are worth looking at. S3 stated:

"1 think that in terms of forces what it would mean is that nothmg happens in
isolation, ... :

This idea was also expressed by S4 when discussing the examples which he uses in teaching.
He felt that the example of a rollerskater pushing against & wall is useful because it shows that

a body "experiences a force when it exerts a force.”

5.7.2. Pas;t:on in syilabus
S6, T3 and T4 all strongly mcommended mmducmg Newton IIl in Std 7. T4 explamed
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"You have to because ... i you dont introduce it rheu, theres no ways, they've
got 50 many preconcelved ideas ..

- T7 deals with it in Std 9, when vectors are dealt with. When the suggestion of introducing
it in Std 7 was put to her, she felt that Std 7 students “could handle it" but that the teacher
would need to be "very carcful”. T8's response to the idea was:

"Not & bad idea at all. ... There's no reason why they shouldn't start thinking
about it. ..." -' : _

But T6 (who felt it was unnecessary anyhow) and T2 did not think it was a good idea,

T8 (a very experienced teacher) felt that in Std 10:

"It must then only come aﬁer the momentum concept it's an extension of
that concept.” . o

Thls reflects the orgamsatlon of the preV101|s syllabus not the current one, and hence also of ._
the older textbooks (se¢ section 3.2, p 24). Of course, momentum conservation and Newton
IIT are closely linked - there are a lot of situations which can be explained by reference to
either. T7 alsu expressed the link between the two - she felt that the Importance of Newton
I in teaching is that: '

it hrmgs in the whole conservation of momentum."

But too strong a connection between the two can lead to the impression that, like conservation
of momentum, Newton III can only be applied'to isolated systems. In explaining her statement
of Newton III, T8 hecl époken about the momentum of a space rocket and the equai and -
opposite momentum of its spent fuel. Later in the interview, when asked whether she would
use a horse and cart type example, T8 said she would not:

'Because I think/ you ses it's not an isolated system, An isolated system is
much easier to discuss. And [ always say to them, if you're asked to discuss
Mewton 3, go into an isolated system, think about a rocket in free space.”

Such a close connection is perhaps also linked to the confusion of the concepts of momentum

and force, and the use of the term “system”, found in $2 and TS's answers (see p 60).

5.7.3. Examples used -
Question 16 asked what examples the interviewee used or would use in teach_ing Newton 111,
A variety of examples were given, most of which can be found in one or other textbook. The

only example which was mentioned more than twice is that of two ‘people on-
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skateboards/iceskates/rollerskates, which was raised by S4, T2, T7 and T9. The fact that this . -

was one of the situations on the IAI cards probably influenced people's semembering of this

situation. Apart from this there were no recognisable patterns in the answers given.

$3 and T4 both made interesting comments regarding the depth of examples used. T4 pointed
out that vne has. 1o use examples involving moving objects,
| _ "because othenmse they think it [Newton HI} only apphes to stationary bodles

In other words_, students tend to place limitations on th universality. of Newton III if they are

not shown all types of examples. S3 felt that a teacher who left out more difficult éxampl.es '

was just "covering up” since students were .going to come across such examples anyway.

.574 Influence of external exammatzon

T1, T4 and T6 all made reference to the effect which the extcmal matnculation exammatmns |

had had on the attention which they have paid o Newton Il in their teachmg T6 noted:

"Well, I suppose I'would agree with [a chemlstry examiner] when he says that
the exam papers promote development in teachmg rather than the other way
- round - you know putting the questlons in, we're going to try and fmd out about
it and teach it a bit better," .

Shn, felt that her teaching had probably changed since a questlon on the tug of war was

' included one year,

Both T1 and T4 felt that the fact that Newton TII was not examined much had influenced them

considerably when they had started teaching. As T1 putit,

"It was sometlung that wasn't questioned very much in papers - very, very few
quesnons on it. The application of his third law was so vaguely glossed over
in textbooks and everything else: if you knew how te quote it, that was all that
was actually necessary - a real understandmg of it wasn't required. So I got
round on that level as well."

However, as they became more experienced, both started fo attach greater importance to I

3.7.5. Develapment of fdeas

The last question of the interview was an attempt to find out about the development of
experienced teachers' ideas and methods of teaching over time. Patton (1990) points out that
it is easier for people to answer questions about the present than the past, since one's memory

of the past is not always complete. So some teachers, such as T8, gave rﬁ_&her vague responses:
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“[ think it must have, because I've been teaching for so long - it must have.”

However, others had clearer ideas. T7 responded:

"] think when I first started / gosh when [ ﬁfst started [ don’t even want to think
/ T think I've forgotten, you know, it was a disaster. I've learnt, over the years,
to make it real, that's what I've done.”

' Earlier T7 had responded to question 9 (about whether Newton III makes sense - see section
5.5, p 69) that _

- "When i first came acrosé it [Newton II], it didn't make ser ie to me at all”
The intemewer asked what had changed that and T7 respondcd

“I think trying to explain it to other people You had to make it real. Take
examples, work through the examples, with actual real life examples, and. iry
to make sense out of it. Because I always learnt it as action-reaction, you
know. I thought no no no, there must-be a better way to put it down."

T4 sand that her teachmg had changed "drasncally"

: "You kind of sort of feel things intuitively that you're not doing it correctly.
. So it was in discussion with [an “‘cpenenced teacher] that we sort of
thrashed it out and changed it and thrasi.z? it out and then we sald "No hang
on, we've got to introduce it earlier.” - . '

She felt that seeing “the dlfﬁcultles that the children got into, and trying to help them" -
had helped her cha.nge

T1 saw the depth of her own understanding and her teachmg as going handnm—hand When
asked how her teachmg had changed, she replied:

"I think just in terms of the depth because I didn't have a very good
understanding of it at all and even more than that, I didn't see it as particularly
important, beforehand *

In response to the question of its importance she had stated:

"I think it's one that I've overlooked easily and not been any worse for it -
superficially. It's one that I've managed to go round without thinking that I've
missed out on anything. ... I think now that it's one of the most useful laws
in terms of understanding interaction between bodies.” :

T1's desctiption of "overlooking” relates to the deceptive apparent simplicity of Newton III
“{section 5.5, p 69}, as does T5's answer to whether his understanding had changed:

" Yes most definitely. .., I think that you've got definite ideas of what it is,

and I think once you start teaching you realise when you're doing problems that

75



maybe if's not-as clear cut as you think it is." _
T3 (who has three years of Std 10 teaching experience) gave the following insight:

"Well I mean; in your first year it's all new to you - the physics you do .t
varsity is totally different to the physics you do here. Methodology doesn't
really help much - so you're basically learning it once again as a matric pupil,
in your first year, In your second year I suppose you decide findistinct] now
that you understand it, how can you make them understand it more.”

What comes thrmigh stfengly in the above quotes is that experience in teaching Newton III

often has an effect for the good on the understanding and/or the teaching of the teecher. Most

of the above teachers repdrt some dr other improverhent in their understanding. Moteover, the

experienced teachers were generally more confident in their answers. As for tes *"n'ng toethods,

" it .seems e).perlence can lead to a change in the form in which Newton I is stated (T7);

change in when it is presented (T4); and change in the depth in which it is presented {Tl)

Thus the followmg bypothesis can be formulated:

H2: Experience in teaching Newton II can result in nmpmvement in the mdemumdmg
' and/or teaching methods of a teacher. ' ' '

In Iodking more broa'dly at all the interviewees in this studly, the hypothesis bears up. The
students who had 'nb Std 10 teaching experience (81, 82, 85, 86 and 57) did not demonstrate
- good imderstanding of Newton III: they applied it correctly 10 at rﬁost two of the four
sityations they were presenfed with, They also all gave Newton 11T in the incomplete form B.
- On the other hand, all of the teachers with 5 or more years .of Std 10 teaching experience, apart
from T3, applied Newton III correctly in every situation, and either gave form A or at least

showed that they recognised that the incomplete form B is inferior.

5.8. SUMMARY

The mtemewees were a.Il abie fo explam the concept of force, but m chscussmn it became
‘clear that some of them hacl non—Newtoman ideas about force, These correspond to the
found through research with students: the idea that action and reaction can cancel, and the idea
that bigger_and faster bodies éxert greater forces. T9 took this last idea a step' further by

relating it the equation F = ma.

76




' Most interviewees could state Newton III, although the incomplete form B statement was the
most popular form aniJn_gst the interviewees. The use of this form often correlated with'faulty _'
application of Newton Il as revealed by the TAI method. The 1Al method helped to yncover -
other alternative ideas, such as the system confusion, #».d the "one force" idea. .The IAI cards
as well as later questiohs revealed confusion amongst some interviewees as 10 just what
constitutes an action-reaction p_air;. Hoﬁ'e_ver'the results of the interviewees on the [AI cards

were generally good compared to the results of research with students, -

A number of the interviewees placed llmxtatlons on the umversahty of Newton [IL: claiming
that it only apphes to contact forces, or o, pushes or to stationary bodies. Even where people
did not give limitations, they were hesitant as to the universality of Newton IIf. -

| Some interviewees felt comfortable with Newton IIT; some did not, What is mterestmg is that -
some of the interviewees who had not used Newton Il in the IAI sitvations said that Newton

III made sense to them. This points to the deceptive apparent su-npl feity of Newton III.

Experienced teachefs had varied ideas on the teaching of ‘Newton IIL. - Some felt it should
- come sooner than Std 10, whilst others did net. Some expressed that their attitudes ha_d been
inflnenced by the external examinations, resulting in their not paying much attention to the
~ law. Generslly, more experience teeching Newton [I seems to contribute both to.

understanding of the concept as well as to appreciation of its importance.

Overall, a number of alfemativc ideas were identified, some of which are found in the research

literature and some of which are net, ard two hjrpotheses were formulated. In fact it is possible
' to classify 75 % of the sample interviewed in terms of two types of interviewee. These two -

- types are outlined in Table 11 (p 78); each is trie of six mtervwwees Both hypotheses apply

to all of the interviewees listed in the table
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. Table 11 ¢ TWO TYPES OF INTERVIEWEE

TYPE CHARACTERISTICS o ' ___._EXAMP_LE )

§TYPE 1 | - Uses form A 0 {s3saTm
] - Always applies Newton IHl correctly ~ - | T2 T6 T7

~ Always uses "force" correctly
- Gives a standard definition of force
- Has Std 10 teaching experience

TYPE 2 | - Uses the incomplete form B S18285
+ - Does not always apply Newton HJ con‘ectly S7T5
- Cannot apply Newton HI to & tug of war 19"
_ (" TY was not gwen the tug of war IAI) :
H-: | - Makes mistakes in use of tenn “force”
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'CHAPTER SIX |
'CONCLUSIONS AND RECOMMENDATIONS

The research suceeeded in furnishing answers to the three reséarch questions posed in chapter
one (section 11, p 1). The Interviews-About-Instances (1AL} method proved useful in
establishing whether the interviewees applied Newton Iil in particular situations, and, together
with other questions. provided an in depth profile of each interviewee's understanding of
Neswton III. The interviews also provided insights into teachers pe_bceptidné about teachihg
Newton I, The textbook analysis showed how the treatment of Newton III in South African.
texthooks compares with that of I'!ritish and American textbooks. The answers to each of the
three questions are presented in turn in this chapter, after which recommendations based on
these conclusions are made regarding teacher training, fextbooks,'ﬁnd education department
policy. o . ' . |

6.1. CONCLUSIONS _

6.1.1. Teacher understanding of Newton I

The research reviewed in chapter two indicates that students often have a poor understanding
of Newton I In contfast most of the teachers interviewed in the eurrent research
demonstrated good understanding of the law, with the teachers-in-training faring slightly less
well, Strong correlations emerged between understanding of Newton [II and two factors: the
form of statement of the law, and the teaching experience of the teacher. On the basis of these
correlations, two hypotheses were formulated. '

The two forms of statement of Newton III used by teachers were form A (If one body exerts
a force on a second body. the second body exerts a force on the first which is eqﬁal in.
magnitude and opposite in direction) and the incomplete form B (For every action thefe is an
equal and opposite reaction), The first hypothesis relates understanding to the form used:
H1: A teacher or student teacher who gives Newton IIf in form Ads more-likely to apply
.it correctly !ao alt situations than one who gives Newton IIf in the incomplete form B. .
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The second hypothesis expresses the effect whlch Std 10 teaching expenence can have on a
teacher's understandmg of Newton IIL:
H2:  Experience in téaching Newton Il can result in unprovemant in. the understanding
and/or teaching methods of a teacher.
~ Both of these hypotheses _apbjly to the teachers who can be categorised by the two rypas in
Table 11 tp 78). | | -

"Some of the interviewees held aiternative ideas in their llndei'standing of Newton Iil, Two
- alternative ideas not found in the research reviewed in Chapter 2 were uncovered. The fies:
is the confusion surrounding the term “system™: some people appear to confuse a system of
forces" (forces all acting on. ope body) and an "isolated system” (in which momentum is -
conserved; fwo or more bodies, with no external tnbalanced forees acting on the system). This
confusion _r_nay-bé part of the reason Why'some people think that an action-reaction pair cancel.

The second alfetriative idea is the "one force” idea, according to which an action-reaction pair
consists of only one force. The reaction force is seen as fhe same force being “given back"
in the opposite direction. Where two bodies actively exert forces on each other (as in a tug
~of war), two action-reaction pairs are identiﬁu;_i'. This understanding neatly compromises
Newton Il with intuitive understanding. |

In addition, the main altemative ideas found by tesearchers who have looked at student ideas
relating to Newton [II were held by some of the teachers and teachers-in-training in this study.
These are that action and reaction forces car cancel, and that bigger and faster bodies are more
forceful, so can exert greater forces. Relating to the latter idea, the miéinterptétation of the
formula F = ma found by Jordaan (1993, described in section 2.3.2, p 12) was also evident
with two of the_ interviewees - they interpreted F as the force which is exerted by a maés m
-~ with an acceleration a instead of as the resultant force -exertéd on a mass m producing an

acceleration a,
Some inferviewees made the mistake of talking about the weight of an object as the force

whiich it exerts on the surface on which it rests. For one of the interviewees, the weight of the -
pen is the action which ultimately causes the reaction force of the desk on the pen. The causal
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 link meant that this jnterviewee saw the two forces on the pen as an action-reaction pair.

A number of the interviewees placed limitatioris on the universﬁlity of Newton IIl. Some feit |
‘that it only applied to contact forces. Others made the distinction between pushing and
 pulling, Still others narrowed it down to only stat‘onary bodies. Even those who had been
completely confident about their answers to the IAls were generally not sure about the
universality of Newton III. It was found that t00 sirong a connection between Newton 11T and
conservation of momentum c¢an lead to the .irnpms's_ion that, like the conservation of

momentum, Newton III can only be applied to isolated systems.

6.1.2. Perceptions of teachers

As expressed in Hi, . perceptions of teachers about the teachiﬁg of Newton III-'can_ be
influenced by experience in teaching it. In fact some of the mote experienced tenchers felt this
* had definitely been the case for ther.. : o

Experienced Std 10 teachers were generally aware of the inf;erioritj? of stating Newton 1II in
the incomplete form B, They emphasi_éed the need to make it clear that there are two different |
bodies involved. These teachers also showed some understanding of which of the Al
situations students are likely to have greater difficulty with. ' -

Some of the experienced teachers referred to the effeét which the external matriculation
examination had had on their teaching. They felt that the fact that Newton Iil was not
examined much had influenced them considerably when they had started teaching. But they
had come to appreciate its importance for the concept of force in the course of their teﬁching.

Feelings about the importance of Newton III differed considerably however. One of the
teachers had found that it worked well to introduce Newton Il in Std 7. Another felt that
Newton'’s laws should be left out of school physics syllabi altogether. Perceptions as to
whether Newton Il "made sense” also differed. In fact someohe'_'who had applied Newton III
confidertly to the IAI situations was as likely to feel that it made sense, us was someone who
had not used Newton TII in the IA[ situations.
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- 6.1.3. Textbooks- o

Comparisun of the ten South African, seven British and six American textbooks showed some
definite’ trénd_s in certain countries. There was also a clear trend towards more detailed
explanations in more. recent textbooks,“_reflecting more understanding of problems which
students have with Newton [IL, . ' . o

In terms of the positioning of Newton [, recent South African texts are identical to their
British and American counterpaﬂs. - Older South African texts place Newton INI after
momentum, in accordance with previous syliabi.

The form in which Newton III is stated should make it clear that there are _twd bodies

involved, with the two forces each acting on a different body. American textbooks have

‘always tended to state Newton {If in such a way, and British textbooks have tehded towards

‘such forms in mote recent years. On the other hand, nearly all of the South African textbooks

examined use the unbelpful incomplete fOrm B. On the score of choice of form of statement

~ of the law, the mbdem British and Ameﬁéan textbooks arésupeﬁor' 1o the modern South
African textbooks. o '

The explanations provided by the various texts were analysed. The American texts provide
the 1. »st detatled and most helpful explanations. The South African explanations are generally - |
sound. However, unlike the American texts they do not make the point that not all equal and
o§p05ite pairs are Newton 11 pairs, and they use the terms "action" and "reaction” without
pointing out that these are interchangeable: The older British texts contain no discussion of
Newton I1I but the more recent texts do include brief explanations. Overall then, the American
textbooks proQide the best explanatioﬁs, with the South African textbooks second in line.

Misleading and incorrect statements in the section on Newton IIf were ide_ntiﬁed. None were
found in any of the American textbooks, and two of the British textbooks sontain misleading
and/or incorrect statements. In contrast most of the South African textbooks co_ntain at least
one incorrect siatement in the section on Newton III, Clearly South African textbooks lag
behind the others in terms of accuracy. B



The examples with which the textbooks authors chose _tb .illustrat_e Newton III were classified
in terms of the types of forces involved. ‘To give a5 broad a feel for Newton HI as possible.
textbooks should include _differént types of forcés in both static and dynamic situations.
However, most of the textbooks examined (imit their examples to confact examples, Of the
four which include forces acting over distances, three consider only gravitational forces, and
~only one (a South African text) inciudes electrical and magnetic forces. -0ve_ra_l_l the South
African textbooks are the most generous with examples, altl.ough these tend to be rather

 similar - involving pushes between moving bodies.

The diagrams accompanying the examples werg éxamined..- ‘There is generally a lack of
-consist_enby of style in representing forces. 'Fm'thehnore._ it_is sometimes difficuit 'td_make out
which body a force is illustrated as acting on. In fact, certain diagrams seem more likely to
confuse than to help, particularly those used in sotne of the South African textbooks. Sq, for
the majority of the textbooks examined, the diagrams used do not fulﬁl_ their potential iﬁ
helping the reader to understand the application of Newton IIL

" Overall, the modern American-. textbooks come through as presenting the best treatrent of
Newtbn 1IL with the British textbooks presenting the least helpful treatment, The South
African textbooks' treatment is closer to the' American treatment than the British treatment.
. However, the otherwisé_ sound treatment of Newton Il in South African textbooks is too often

undermined by errors,

6.1.4. Links between teachers’ understanding and textbooks

Certainly similarities can be observed between teachers' respbnses; and the way in which
Newton 111 ié presented in South African textbooks. The most significant is the form of
statement: South African textbooks use the incomplete form B, and this was the form in which
the majority of both the teachers and the teachers-in-training stated the law. In fact one
teacher referred to this form as the "recognised definition”, despite the fact that the syllabus
giﬁes the law in form A,

Some links can also be found between the mislending/incorrect _stateménf in textbooks, and
alternative ideas held by some of the interviewees, All but one of the South African textbooks
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examined give only examples with two bodies in contact, which suggests that Newton Ul only
~ applies to contact forces - five of the intefview'ees felt that Newton I 0!11}' applies to contact
forces. Two of the moder South African textbooks present the weight of a body as a force
which that body exerts on the surface on which it rests - five of the inferviewees made a

similar error.

These similarities suggest that the textbooks may have influenced some of the teachers m the
way they state the law and in some of the alternative ideas which they hold.

6.2. RECOMMENDATIONS
6.2.1. Teacher training = |
From the results outlined in section 6.1.1. it is clear that one cannot assnme that a university
or college education leaves a proépective teacher with & good grasp of Newfon I'II.. Science
methodology lecturers should perhaps set about identifying their students’ misconcei)tions about
- Newton IIT (and uther areas of science), and then aitempt to address these, Fora étart, students
need to be made aware that the apparent simplicity of Newion Il is in fact deceptive,

~ Given the hypothesis that experience in tedchmg can help in undelﬁtandihg Newton II, it is .
perhaps worth including some of the elements of teaching in prepari:ig prospective teachers. |
Discussion of exam'ples may prove more effective in providing the cognitive conflict necessary
for concepiual change, than listening to a lecture. Tt is worth exploring the lposs_ibilities of
mote interactive learning. ' |

Teachers-in-training should be encoﬁraged to use form A, and to emphasise the difference
between forces exerted on bodies and forces exerted by bodies. They should be encouraged
to include examples with non-contact forces in their teaching, and to make clear and effective -
use of diagrams, They should also be equipped with an understanding of the typical
misconceptions concetning Newion HI which they are likely to find in their students - that
action and reaction can cancel, and bigger, faster bodies exert greater forces, They should
perhaps also be made aware of the "one force" interpretation of Newton 111, élthough it is not
known how widespread this idea is. They need to be aware of the cohfuéioﬁ which can arise
if the two different uses of the term "system" in physics are not distinguished between.
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Of course, Newton {I1.is only a smal! part of physics, and teachers should be prepared to teach

"every part of physics, so .-practit:a'lly there may be insufficient time for treating every section
in this sort of depth., However, given the importance of Newton 1 to the concept of force,
it is perhaps worth de\{oting !;omc extra time to this particular section. | |

6.2.2, Textbooks

South Afncan textbook authors need to be encouraged 1o state Newton M in ‘form A, Wthh -

makes it clear that the acnon am! reaction forees act on two different bodies. In emphaslsmg
~this, it would be helpﬁtl to distinguish clearly between forces exerted by bodies and forces '_
exerted on bodies. Textbook authors would also do well to point out that not ail equal and
oppos'ite pairs are Newton Il pai_fs; The confusion between th_é: two uses of the term "system"
should be pre-empted by explicitly differentiating between the two. Consideration should also
be givén to dealing explicitly with the n'éé.tment of strings gs transmitters of fdrces. and the

way in which inanimate objects can exert forces.

It is the researcher's experience that .errors in South African t;:xtbooks are not peculiar to the
section on Newton Iil. Clearly g_reatei' rigour with respect to accuracy in textbooks is in order,
Textbook writers also need to be willing to submit their writing to scrutiny by a panel of
experts. However it should be noted that textbook writers are often placed under unfair time
pressure as new syllabi are generally published at most a year before implementation, This
leads on to the next area where changes need to be implemented. |

6.2.3. Eﬂucatrou departments _

The education departments need to engage in better forward plamung in order to provxde time
for textbook authors to produce high quality textbooks. In planning the next syllabus,
consnderat:on should be given to mtroducmg the concepts contained in Newton's laws earlier
in the curriculum. However more research is needed to establish whether this is in fact a
sound idea. Either way, to help students distinguish between forees exerted on bodies and
forces exerted Jy. bddies, it wouid be helpful to talk_ of 2 force as exerted by one body on
another, from the first time forces are introduced.

The finding that teachers are influenced by the content of the external Std 10. examination
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| sugpests that examiners should test t:onccptual understanding of Newton ITL. The external Std
10 Physics exdminations tend ‘to have & quantitative e.rﬁphasis . large portions. comprise |
cafculations. The fact that questions which explore understanding of Newton Il are qualitative

js possibly the reason why Newton 11l is often ignored in these examinations. Another reason
may be that examiners are taken in by the apparent simplicity of Newton III and thus see no

reason td e;?amhe whether students have in fact understood it.
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- APPENDIX 1 : INTERVIEW GUIDE

{Noté: v S is not 'prescriptive, but mierely s guideline. Th_e. purpose of the interview is 1o find
out the interviewee's understandmgs and perceptions - some questions may not be relevant, and
: other areas may requn'e further probing to eliminsate ambiguity, } '
IN_T_RQD_MQﬂ |
- Thank you for agreeing to help.
- Have you chatted to andee who has been interviewed?
~ - Assurance of confidentiality explanation of purpose of tape recorder
; | We want to find out teachers' ndeas not mterested in "nght" answers but rather in your
- ideas - what you think. ' : _
ete. |
- . Take your.t‘rme'. | _
SECTION 1 - APPLICATION OF NEWTON I
1. What-, in your understanding, is a force‘? _
{Present ﬁrst 111ustrat10n1 |
2. Does [A] exert a force on {B]‘? i there is uncettamty, probe further.]
3. Does [B] exert a foree on [A]‘? | |
4,  [If answers are both "yes";} How do (the'size.s of) these forces compare? -
{Present second and third illustrations., and répea_t questions 2 - 4}

SECTION 2 - NEWTON II

5. What, in your opinion, is the best way of staﬁug Newton's Third Law of motion?
6. {If necessary:] Explain what you understand this to mean. |

7. {If section 1 was weak:] Can you give an example?
8

Does this law apply to any pair of bodies which interact, or dre there some cases where
it does not apply? [If interviewee feels there are limits, probe.}

9, Does this law make intuitive sense to you? / Are you comfortable with this law?
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- APPENDIX ] : INTERVIEW GUIDE

{Note: this is not prescriptive, but merely a guideline. The purpose of the interview is to find
out the interviewee's understandings and perceptions - some quesiions may not be relevant, and
_ other areas raay requu‘e farther probmg to ehmmate ambigmty }

INTRODUCTIDN

- 'I'hank you. for agreeing to help
- | Have you chatted to anyone who has been mterviewed?
- Assurance of confidentiality - explanation of purpose of tape reéorder -
- We want to find out teachers 1deas not mterested in nght" answers but rather in your
ideas - what you think. : _
~ete.
~ - Take your time.

SECTION 1 - APPLICATION OF NEWTON [If

1. What,in your Lmder_standiﬁg,' is a force?

[Present first dlustraum]

2. Does [A] exert a force on {B]? [If the;e is uncertamty, probe farther.}
3, Does (B] exert a fm'ce on [Al? |

4, [If answers are both "yes i3 How do (the sizes of) these forees compare‘?
{Present second and third illustrations, and repeat quastmns 2 - 4] |
SECTION 2 - NEWTON it

5, What, in your opinion, is the best way of statmg Newtons Thzrd Law of motmn'?
6 [If necessary:] Explain whb : _ou understand this to mean, |

7. [¥f section 1 was weak:] Can you give an example?
8

Does this law apply to any pair of bodies which interact, or ate there some cases where
it does not apply? [If interviewee feels there are limits, probe !

-9, Does this law make intuitive sense (o you? / Are you comfortable with this law"
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- SECTION 3 - PAIRS OF FORCES

[Present i!__lustratﬁon of book resting on table]
10.  Can you identify some of the forces acting in this situation?

11, © Can you name an "action-reaction” pair/ Newton’s third law pair? '
~1la. Would those two forces [from question 10] be an action- reactlonf Newton 1Ii pau‘"

| SECTION 4
- IF SECTION 1 WEAK:

~ {Present first illustration again. _

12.  Does Newton's third law apply here? [If "no” - probe why not.]

13.  How does this fit in with what you told me earlier?
[Probe further to find ep1stemolog1ca] comm1tment as well as attempts to resolve the
conflict between the law and "common sense”.}

' [Repeat with other illustrations,]

- OTHERWISE:

14, [Refemng to 1llustmnonsj Do you ﬁnd any of these exampies more difficult to
' 1mderstand" [Probe] _ _

SECTION 5- TEACHING OF NEWTON ¢

15, How important do you think this law is in teaching?
16.  What -examples' dofwauld you use in téachin'g it?

17.  [For experienced teachers:] Whereabouts in the syllabus do you thmk it should be
taught?

18.  {[For expenenced teachers: ] Has your teachmg of NIII changed/evolved‘?
' CONCLUSION

Thanks ete. -

Please'di)n't talk to any others about this intervie !
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“T8:

INTERVIEWER:

“T8:

INTERVIEWER:

TS:

INTERVIEWER:

T8

INTERVIEWER:

T8:

TS:

INTERVIEWER:

TS:

INTERVIEWER:

T8:

INTERVIEWER:

T8:
- TS;

_ This has always worried me a little bit.

INTERVIEWER:

INTERVIEWER:

APPENDYX 2

EX’TRACT ON LUG AND NEWTON IIf - 78

_ Y-ou_'know. people talking about
for instance, centrifugal forces where indeed there's no centrifugal force -

 the centrifugal always being equal but opposite to the centripetsi force.

I always try to identify, number one. are there two bodies because if
there's only one body, Newton 3 doesn't apply and ! think this is where
most people make a mistake talking Newton 3 glibly apd they're =
discussing one body. So there must be two bodies - the one body must act
upon the other and therefore the other one reacts upon the one, It doesa't
matter whether they are static situations or dynamic situations, either,

Now if you say to me where doesn't Newton 3 apply / Rephrase the

"question/ [ mean give me the question again.

Does it apply to any pair of bc—dxes wmch interact or are there any
excepnons"

So you've got the pair of bouies - are there any exceptnons" {pause} [ don't
really know. Could you give me an exception and I. could see 1fI agree
with you.

Let me ask another question. Can we get a force acting on just one ,‘ a
foree acting where there's only one bady involved? .

Oh [Pause]

~Just o extend what ycu were. saying earlier.

If Newtor 3 has to apply do the two bodies have to be physmally in

-gontact with each other‘?

No- : .
Because you see, Newton's Gravitational isn't Newton 3.- you've got two -

"bodies and there's a mutual force of attraction, but I wouldnt call it

Newion 3.
All right,

- 'T've never thought of that before. Thene two bodies, there's a torce, they're

not necessarily in contact - the moon and the earth - there's a gravitaticnal
force between them it's not a Newton 3 situatiop,

All right, why not?

Is it? Why do I think they have to be in contact? Why, isn't it a Newton
3 situation? The earth acts on the moon and the moon acts on the earth.
You see, I've got that classified very neatly as Newton's gravitational,
And I haven't ever thought of applying Newton 3 to it.

Alright, are there any other non-contact cases whers you would sec
Newton's third law applying? Magnetic, electrical? -

~ [Pause, then slowly] Why not? Electrostatic charged bodies, you V& ot two
~ bodies, there's a foree of interaction, it's mutual, they're equai but opposlte,

;a{ways, it qualifies. Does it correctly qualify? -

Ja, ja.

['ve never thought of that before.

Okay, great, 50 you've seen it solely in terms of contact forces.

Mm, bad. [laughs] Yes definitely, I'd like to say definitely. Thete's no
reason why there 2ctually has to be contact. You see one always thinks
of a horse pushing a cart, [indistinct], a rocket carrying its fuel ...
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APPENDIX 3

EXTRACT ON PUSH/PULL DISTINCTION - $6

8

INTERVIEWER:

S:

INTERYVIEWER: Alright with the tug of war, that's a contact foree,

[pause] OK, again that's the sort of push-pull distinction. In the case of
the rollerskates you've got a push, in the case of the tug of war you've got
f puil The Newton 3 definitely in the case of the push the two objects
moving away from each other same as the balloon leaving the ground at
the point of leaving the ground. That would be two things moving away

“from each other, Again Newton 3 would apply there sort of like you

know your airc:aft with the rocket blaster acting against the object, the
aircraft. But in the case of the g of war [pausej well ook the winning
side A is exerting & force on side B and side B is exerting a foree on side
A 5o they are acting against each other but the fact that side A's winning
means that the “orces are not equal so I'd say possibly {pause] looks
superficially that Newton 3 doesn't apply in this case, Or if it does it's at.
you know, sort of things like hands on rope kind of situation [I points out
there is no rope)...So Newton 3 would exist at the point of the hands'
contact,

How do you explam then that A manages to pull B across the line?
Because A is exerting a greafer force apainst the ground than B is.

- Possibly less friction on swle B.
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