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comprehension and m~ight at a higher level on the part of the student than at the pre­

tertiary level" (Department of Education 1997), 

To pass Physics I, students must obtain an overall mark of not less than 50%, made 

up of a year mark and a final three-hour examination mark which contribute 40% and 

60"10 respectively to ille total. To write the final examination a student must have 

attained a minimum year mark of 40%. The year mark is made up from several 

stipulated sources, induding formal and informal tests, tutorials and laboratory work. 

Table 1 sho""1> how the several components of the Physics I course contribute to a 

student's overall mark. Bonus marks awarded Jor exemplary work in various 

activities such as reading quizzes (to encourage pre-instruction reading of texts) and 

small projects are not reflected here, but can contribute as much as an extra 10"10 to a 

student'~ year mark. 

Table 1. Compunenls uflh PhY"iCl' 1 cou~\'~ nwrk, 

r-
Acti~'it) J\tark~ .sub-minima 

i Practical write-up<; (best 10 of 12) 4% 

~ 40"10 
0 Practical examination (1) 4°;' , 

40')-" , 
Weekly Problem Set<; (be<;t 1 0 of 12) 8% -

" ,. 
Clas~ te~ts (3 ofapprox. equal weight) 24°;' -

Final3-hour examination on all illeory (I) 600
;" 40";', 

TOTAL 100"!. 50% 
------ ---

"Contact time" each week consists of eight J5-minUle periods (most of them 

combined into double periods and an occasional triple period) and a one-and-a-halt~ 

hour practical in the physics laboratories, As the aims and objectives of the laboratory 

component of Physics I are largely <.Ii stincl rrom those of the theoretical cla~,e<" thi <; 

component wa, not much affected by the new teaching intervention and will 

consequently not be discus~ed in thi<; study, 
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All non-praclical teaching (i.e. m so-called lecture period~) was carried oul by the 

researcher hims.elf, the s.ole Physics I leeturcr in the faculty during thc course of lhe 

invesligalion. (A pari-time course tutor, or men lor, was employed in 2[)()3 to as~ist 

with the implemcntation of a formal tutorial schemc) 

2.2 Physics 1 teaching style prior to 2002 

Physics I at thc Cape Tcclmikon is a stand-alone, oon-major ~ubjoct - a "~ervice 

course" aimed at providing fundamental scicntific training to studenls and engineer~ 

who have no inlention of becoming physicists. To somc extcnl lhen, under the 

present lecturer the teaching emphasis in the coun;e has always becn on lhe 

dcvelopment of scientific mcthod and way~ of lhinking rather than on the 

lransmission of ne\v, or advanced acadcmic eontcnt. Prior 10 2002, however, 

instmclion in problem solving techniques continucd to focus on the malhematics­

cenlred approaches tradilionally taught in ~econdary ~chools. (11\C Iccturcr/researeher 

himself taught sccondary school general science (Grades 8 and \I) and physical 

science (Grade~ 10 to 12) for fiftccn years beforc joining thc Cape T echnikon,) 

During lheory da~ses the lecturer focu~sed on developing conceptual understanding 

using a combination of a limiled amount of tradi lional "chalk and talk" expo~ition and 

~mall group discu~sion~ around carefully selected multiple choice qucstions 

specifically aimed at challcnging srudents' cxisting eonccptioll~ through processe~ 

such a~ cognitive conflicl and bridging. 

Thc same form of multiple choicc questioning was used 10 assess conceptual 

understanding in lests and lhe final examination, making up betwel.-'ll 35% and 40% of 

thc total mark. Thc bulk of tcsts and examinations, howevcr, Cflmprised "traditional" 

numerical physics problem~, at the end of which student~ were invariably expectcd to 

proouce a numerical solution. 

Prior to 2002 thc lecturcr spent vcry little time explicitly developing problem solving 

lewniques in clas~. Furthermore, such instmdion a~ there wa~ C()nsi~ted largely of 

8 
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training ~tudent8 in the choice and manipulation of mathematical formulae (all of 

which are sllpplied in tests and examinations in the form of a booklet, togeUler with 

tahles of physical constants and other useful data), Very little attention was paid to a 

dccpcr, conceptual understanding of the physics behind the furmulae themselves. 

Students were simply taught to "translate" ordinary langllage information (e,g. ''The 

ball is dropped .. ') into mathematical data (l\' - 0 m!s), and then to choose the 

appropriate formula by studying the list of collected variabJe symbol8 and matching 

the list to one of Ule given fulTllulae, hefure sllb~tituting the data and calculating Ule 

answer. 

TIlC Smdy Gllide issued to Physics I students inc1l1<1e~ the following objective8, 

originally furmulated in 1993: 

After eomplrting Physics 1 studenis should be able 10: 

• Recall (as resouree,j certain laws. principles, concepl,' and f(Jrmula~ 

dcall with in thi,' cO/m'c. 

• Apply Ihese resourccs in the solulion o(numrrical problem,'_ 

The first objective was to a large extent waived owing to the practice of providing 

students wIth data booklets containing the required fortnlliae. Fllrthermore, it wa~ 

usually neccsgary to assist smdents with the sccond objective by breaking down the 

numerical problems in tests and e~aminatioll5 into sub-sections and "leading" students 

incrementally through the various stages of the problem until they could arrive at the 

linal answer - the Same pmcooure as h j{)l1owec\ in Senior Certilicate Phy8ics 

examinations_ 
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2.3 Student profile 

Fir~t year ~tudent~ in the Faculty of Applied Sciences ~t the C~pe Technikon generally 

have poorcr Senior Certificatc results and arc less prepared fOT theoretical tertiary 

study than their countcrparts at South African Ulll versities (>;orne enrol after failing to 

gain entrance at a local univcrsity). They look to the Technikon to provide practical 

vocational training rather than a more ab~tr<l-ct ~cooemic education. Although the 

Cape Technikon is currently preparing to repo~ition itself (after merging with another 

local technikon) as a "university of tecbnolo~'Y", the overwhelming majority of 

students still regard the Tcchnikon's in-service training, or worl;: experiencc 

component, a~ more useful and important than its po~t-gradu~te research 

opporluniti es. 

\'rllile a few programmes (~uch a.~ Chemical Engineering) arc wcll sub~cribed, 

allowing programme COnVenOrS to hand-pick students on ~cEKIemic merit (bascd on 

Senior Certificate results), most other progr~mmes, in order to ensure continuing 

viability, are oblih>e<i to acccpt virtually all applicants. Although minimum entry 

rcquiremenb ~tipu1a(e that enrolling ~tudents should have passed Senior Ce.-lilicate 

Mathematics and Physical Science - at least on the standard grade - some programme 

convenors occasionally admit student~ who last ~tudied science and/or mathematics in 

Grade 9. 

In addition to matters of expediency, the global trend of "mas~illcation" of terliary 

instirutioll~, amplified in South Africa during the last dec~de by affirmative 

educational pmctice (driven both by intrinsic reform and revised State subsidies), haJ; 

also pl~}'ed a role in increasing the fraction of first ycar students who arc inadequately 

prepared for traditionalterliary ~tudy. 

Although [he language of instruction i~ predominuntly English (with Physics I course 

notes, tests and examinations issued in both English and Afrikaans), many student~ 

have English only a.~ a second or third language aile.- othe.- South Aliican and African 

l~nguage.; such a.~ Afrika~ns, Xhosa, T~wan~, Sotho, French, Portuguese and Gennan 

(see Table 2 and I'i!:ure 1). Howcver, poor English language and communic~tion 

10 
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skills arc also becoming increasingly prevalent among first-language English speakers 

at the Technikon. 

Figure 1 and Table 2 illustrate the broad demographics of the samples. About two 

thirds of the students in each intake were female. About 80% were black (comprising 

50"10 African, 29% Coloured and 1% Indian). Only about half the students were 

English speaking and another quarter wcre Afrikaans speaking. In each year group 

about a quarter of the enrulled students had failed Physics I at the Cape Technikun at 

least once before. 

Tuble 2. Demographics ojswdenl" enrolfedfor Physics 1 in }()(I) and 2003. 

2002 2003 
~ 

I Female 129 181 
Gender 

Male 63 107 

African 79 141 
.~-. - ~~ 

Populatiou Coloured 68 85 

group Indian 2 4 

I White 43 58 

i Afrikaans 49 64 . ---- - -~ 

! English 95 162 

Language i Xhosa 33 41 
~~ 

I Other African languages 19 16 

i Otheo:-noo.-Afii<:an languages 1 5 

Physics 1 : lst time 144 222 
---- ----

enrolment i Repeat 48 66 

, Total 192 288 , 

11 
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Figure I. Demographics afstudents enrolled/or Physics I in 2002 and 2003. 
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Plly~k'5 I in 20M IVlJ 200). 

A c(IlIlparison of the ~ymOO ls achieved by 2002 aOO 200J Sl oo~llls ill their S~'flior 

CertifieD!" Phy~cal Science e )(llminalio~ all shoWJ1 in Figuu 2. l\.'Vo=als lhal the 

o'"CQII Incre-.lSC o f student r,llmixr.< in 200J was dl.lC" largdy \0 extra .n.rmbcr.;, o f 

Slu(\cnlS wilb Senior Ccrl ir"'Uh! c . 0 and F. s) mbol~, paniculaJly o n the Sland:mj 

Grooe. The number ofSludem~ elYOlling for Ph)">'i.:s I with Hig""," Grold.: A, Il and C 

symbols for Senior Ccr1ificalC ['hysical Science dropped ~ ignill<;antly in 2003 . 
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Figure 6. Percenlage dislri/",Iion vf th e ,-<'Ore.< of Cape Tee/mikon Phy,-;"" 1 ,-tlldent_, ' in the 

Baseline Mathematic., quiz between 1999 and 2002 

The four year survey r~v~aI8 that >l1ldents' basic numerical abiliti~s rcmaimxl at a 

roughly constant levcl during the period, with the overall test average ranging 

between 50% and 55%, and the mode u>ually lying in the 40-49% range. Fewer than 

5% of students in any year were able to achieve 80% or bdtef in the test. 

(b) Numeracy Comp .... tcncy Questionnllire 

TIle results or University of Cape Town's l'<umerncy Competency QUo;stiol1naire 

(NCQ) fOf 2003 are shown in Tabl .... 4 and Figure 7. The Cape Technikon students 

performed worse than any other group testoxl up to that stage (which included both 

Humallitie> and Scien<:e students at the University or Cape Town). While vel 
means ranged between 57% and. 71% (with the lowest third qnartile at 69%), the 

overall average for the Cape Tcchnikon group was 46%, with three qurnters of the 

students scoring below 57%. 
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Table 4. Cape T""hnikon Physia 1 studenls r<'$ulls by section (r<'fi.'r w Table 3), and 

overall, in the ljCT Numeracy C()mpetency (Jue_<lj()nnajre (NCQ2(1I!3) (Frilh eI al. 2003b). 

r ScctiOlJ A 
(~A'Y q" •• tiun» 

Scctioo R 
U:r,oplUc ..... ~ 

Section C 
) 

:y) 

l:~~:~'~~uac 

WOO" 

00% 

.~, 

Mean 
--

51% 
------

45% 

39% 

I , 46')10 

--- . - -

'''''''' Min I , 
51% 5% 

44% 10% 

37% 0% 

, 
45% 11% 

'0% -----

• 6ll% 0 • ---• 
" • 50% • -0 

~ 
40% 

• • 
W" 

n%~'22O/. 

'" 
)0% 

0% 
0-19 30-39 

Max 

95% 

94% 

89% 

85% 

• 

22% 

50-59 

Score categories (o/c) 
"---------

" 
3"" ! Std 

""""" Qllartiloo Dcy 
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, 
26% 52% 18% 

34% 57% 15% 
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0% 
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Figure 7. Percentage di,/yjiYution uf Cape l'eclmjh", Physics I _'lUdenl,\" o,'erall scores on 

Ihe Univenity of Cape fown's NCQ2()1I3 (Frith et al. 2()(1Jb). 

An important feature of thcs.c results is the small perc~ntage of students achieving 

6a>;, or more for the quiz. Based on previous testing of other tertiary stud~nt 

groupings, the Numeracy Centre advises lhat "an overall score of 60% appears to 

indiCllte a satisfactory basic level of numcracy for studmts illlending to filllow a 

Humanities program at a ljniversity, whereas a score of 70"10 would be more 

appmpriate filr students intending to study in a Science faculty" (Frith el at 2003hl_ 
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Acc<mling to the desIgners of thc l\CQ, fewcr than 5% of the 2oo3 Cape Teehnikon 

8tlLdents had nlLmeraey skills appropriate for a course of study in the Faculty of 

Applied Sciences, 

The results for Section> Band C are of particular significance for physics students, 

Section B tested sludent8' ability to apply ql.tantitatiYe literacy skills in integrated and 

relevant contexb, while Section C tesled (inter alia) ~ludents' ability to work with 

formulae. Much of first ycar physics consists of applying mathematical skill8 in 

different physical contexts, and (besides being a necessary life skill) thc manipulalion 

of formulae is central to the soiLdion of many physics problems. Students who 

perform poorly in these sections can hc expected to experience serious difficulties 

with the mathematical aspects of the physics course, 

1--
""., 

• 
"''' 

................................ . .. _. 

• 
80% 

'0% -_ ... _ .. __ .. ... __ ._ .. _ ... _ .. 
• 

• '"' , 
• ~ • " "'% 
~ 
0 

~ '"' • • 30% 
,"" 

20"10 . 

1 0"10 . 1" .' 
" 1% 

" -0-19 2:'n '"" 40-49 SO·59 6O·fi9 70·79 SO·l00 

Score categories (%) 

Figurl' 8. Percentage di"lribulion of Php;cs j >"II"'en/s' score,' in See/;on B of the /)niversity 

qfCapc TO><-1l '., Nwneracy Competency Que.,tionnaire (NCQ2f!f13) (Frith et al. 2f)(13b), 
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The percentage distribution of scores in Soction B of the NCQ (Figure 8) shows that 

most of the Cape Technikon srudents scored fewer than hall' of the marks for 

ql1estiollS involving the interpretation of tables and graphs. Figurc \I shows that 

~!udents fared very poorly in Section C, with most of the group attaining less than 

4(J)1" for the section (which contained questions ba~oo on the use of mathematics in 

"everyday con!ex!~"), 

100% 

• . " • 
"'., 

• 70% 

< 60% 0 , 
~ • • 50% • -, 
~ '" • • 

30% 
22% 

"'% 

10% 
1% 

0% 
0-19 20-29 30-39 40-49 50·59 6()'69 70-79 80-100 

Scm..., catcgOlics ('}I, ) 

Figu" 9. l'ercemage dism1mtirm o{ Capc T"dm,kon Phy,.":,, j students' scores in 

Section C oIthe Un;mrsil,' (){Capc Toom '" ,Vumera<y Competency Questionnaire (NCQ2()1)3) 

(Frith et at. 2()()3bj 
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Celtain questions uncovered the students' specific shnrtwmings in ba~ie 

mathematical processe~ which playa vital role in physics prob\em solving: 

• decimal fl-uction~ - fewer than half the students were able to eorredJy rank 

numbers whIch contained decimal fractions; 

• apprOllimation- fewer than 3()% of the ~tudent~ were able to pcrfonn a 

calelllalion which involved approximation; 

• percentage - the majority of qllestions involving percentage~ were correctly 

answered by fewer than 50% of the students (in several questions hy fewer 

than 20%); 

• ratio and proportion - only 29% of student~ were ahle to work out a numbec 

from a given ratio oftwo numhers and their total; 

• fiJmlUl ae - of the six questions involving the lIse and manipulation of 

fonnulae only one (involving straight application/suhstitution) was correctly 

answered by more than half(51 %) of the students. Only 47% of sll1dent~ were 

able to change the ~l1bjeet of a formula, and only 17% showed ability in 

constructing a fOilllUla from information given in the texl. 

3.2.2. Initiall{'vcls of scientific reasoning 

:Figure 10 sho\\'S the results of the Classroom Test of Scientific Reasoning 

(Appendix B) apphed to the ~ample of 97 Cape Tedmikon students in 20()3, 

compared with the result~ from a group of 922 non-physics major freshman-level 

biology students as reported by Lawson (1992). 

Students who score betwccn 0 and 4 out of 12 for the test are deemed to be at the 

empirical/inductive level of thinking according to Lawwn's sllImnary of Piagetian 

development; those who score between 5 and 8 are transitional ; and tho~e who score 9 

and above can be regarded as having reached the hypothetical/deductive \eveL 
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00 -------

o Cape Tecr.likon 

'" 
i ii'iIl LawS01':.~I_99~2~~~~ 

m 

~ eo 
" B " 

53'r. 
47% 

• 
~ 
0 <0 
~ • 

'" 
" 
" 6% 

0 

empirical I iooucli..., transit ional hypothetical! deducti..., 

Levels ofthinking 

Figure 10. Di,/n'bulion of Classroom 1'1'_,1 ()r Sdemijk Rc"soning score., acc()rding to 

P'''gelia" thinking devc/()pmenf call'fJ"ry, G,p<' TCGhnikon Physics 1 1003 ,m,dents -'c""', 

a~e comra .. ,/,d wilil Ihus" 0/ a group 0/ Umkd Slates non-physics I1U1jor pc,tilman-Ievel 

biology -'Iudenl.\' leswd by !,aw.wm (rawson 1992). 

With more than half the sample still reasoning at Ihc empirica]iindudive level (and 

lherdm-e, aca.)f(iing to T_aw:;':>ll "able to leam ve:ty little, if any, of what is taught ill an 

abstract, verbal way" (1978, p. 21), Ihese re;lllb ~ugg~t that the majority of Cape 

Technikon Phy.;ics 1 <;Iudellt~ are under prepared for a traditional tertiary pilysic"; course, 

3.2.3. Students' initial problem solving strategies 

Almost all students treated each problem on the introductory/diagnostic kmematics 

test (Figure 5, Section 3,1.3) as a fundamentally mathematical exercise (See Iligure 

11, Figure 12 and Figure 13), lran8lating the given verbal infonnation into nllmerical 

data and then choo8ing an equation of motion into whiclJ. 10 substitllte the given values 

(with scant regard to ~ign C()nventi()n~). A8 seen in the cxamples of work 8hown, 

several students did not evcn first list the data, but began straight away with 

equations, with the result that they fi:eqllentiy made substitution errors (e,g. entering 

the initial velocity value in the place OftilC final velocity). 
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2 At what 'p""d d"", the yellow ':iutllpCf" Icaw the table if it i, in the air for Is') 

[This queSlion was arrompallied ~r a demonslralivn.] 

v 
V 

v 
( I V1 

= 

r ,,-C 

C t- (-10 "1!;,~ U.s) 

-/0 -, 
~. 6 

Figure 11. Example of a ,lud",,1 's respvnse W Que,'lion 2 of the dit;gno,'lic killemwi", lest. 

Nv .,ketd, ;" evident and the Sludem begi"" SI,t;ighl away with a formula. Initial and JiMI 

velocity "yml>ols are conti,sed wllh each olher and incvrrecl value" are etJter~d. tne negative 

.fign entered for the t;cce/act/ion due 10 gravIty (rou"ded to f() "",,') cau,.es a negm,w answer 

whir}, Ihe "I"denl (in Ihe ab,ent<: of a d,agram) i.f unahle In jrltorprcl imeiligibiy. 

3. A man on tM edge of a building 50 m above stred level ,hoot, a bull et straight up 

into the air at 45 mi •. Ilow long afl.cr h~ fires the ,,'Un """S the bull et latid in the 
s.t,..,et~ 

,,_ d 

..J::::Ut'jt 

5S ""4S"\-IOl 

'{~:::..v.l ... Q'j-::;' 

o ~') '" "('OJ (SO) 

"'" 56m(.!> 

Figure 12. Example o/a "",dem's respom'e to Que.fliun 3 uf the djagno.otic kinemalics le,l. 

In th .. absen<'f: uf any form vf skelch vr phy.fic.< diagram. the .,mdem repet;/edly err, in 

assigning sI!-""' lu vectvr quann'ties which lie in oPf>osite direclion. •. 

J5 



Univ
ers

ity
of

Cap
e Tow

n

3. A man on t~ edge of a hnilding 50 m above mectlcvei ,hoot. a bnlle! 'tmight up 
into the air at 45 mis. 1I0w long after he fires the gun does the bnllet land in the 

'tree!? 

Figure 13. A second example oj Q student's ~e .• p()nse to Question 3 of the diagnoslic 

kjnemalic..test.{!e..idesusingincorr<.dsignsandvab.es. lhe siudeni is uncalain about what 

has 10 be detcrmjn~d, and has confi"'~d the que"lion 's "how long?" (in the sen .• e ()(time) with 

"how long?" in the SenSe of dislance, 

Figure 14 ~how, an analysi~ or the Teslllts or the test. FOT each or the four questions 

the separate categories indicate the percentage or "tudcnt~ who: 

• dTew any form ofrollgh diagram (Sketch); 

• used prop"r physics diagrams including su~h fonnalisms as x- and y-axes. sign 

conventions for dIrection. etc. (Physics diagrams); 

• began their calculations ,vith a formally stated mathematical equation 

(Formula); 

• obtained the correct answer (Correct answer), 
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HII)<Y" 

90% 

." 
'" " • 60% • ~ • 50',. • • 

~ • 40"/, , 
• 

30% 

,~. 

10% 

~'o 

32% 

Q> Q' Q, 

Qur-slion number 

• Sketch 

• Physic8 diagrams 

o FornlJJa 

• Correct ar.;;wer 

Figure U. An anci/y.,is oflhc diagnoslic kinemat;c., le.,1 (1001) .,howing the percentoge., oj 

sludEnI.' who vario"sly drEw .,ketche." used formal phy.,ic., .,chemata. and u.,ed mathemari<'al 

jormulae. 1he percentage afstudents who obtained thecorreci amwer i.' a/.m indica/cd 

The usc offom\Ulae was prevalent throughuutthe test <100 declined in Question 4 only 

because a large number or student8 r<liled to rc<lclJ, or &tempt this question. In 

contrast, 8ketehes <lppeared in l<lrge numbers only onee students began to experience 

diffkulties with intcrpreting the question8. Most of these sketches locked physics 

furma1i8m, however, and as a result students were rumble to rnap from their pictures to 

appropri<lte mathem<ltical representations. Conscquently very few students "'ere able 

to get the correct answers for Qucstions 2, 3 and 4. Except in the ca8Y fimt que8tion, 

thcre i8 <I correspondence belween the percentage of studcnts dra"ing fOrmal physics 

diagrams and the percentage obtaining the correct <lnswer. 

As a result of their inappropriate mathematical appwm:he8, tDJst >;/udent8 performed 

poorly overall in the te;t (Fignre 15). Only 27 of the IK2 studcnts who wrote passed 

the test with a score uf 50"/0 or tDJrc. 
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-- ----1 

100% ~ ... -----------------------.---
90% 

• 
00% 

'" i _ ... • 

40'" 
31% 

0-19 20-29 

• 
• 

1% 

40-49 50-59 

Seore clltegorie, (0/0) 

• 

60-89 

5",-~ 
1% 

70-79 80-1 00 

Figure 15. Percemag" di.'lriiJuljVI1 vI 2002 PhY5ics J slud"nts' swres in the diagnostic 

kinemalics /e_'t_ 

3.3 Summary of benchmarking 

To summarise, most students enrolled for Physi~8 1 at the Cape Technikon have only 

Standard Grade Physical Science backgrounds and only a fcw aehicvcd better than a 

C symbol in the Senior Certificate (Grade 12) cxamination in this ~ubject Even fewer 

achieved A and B symbols on the Higher Grade. Broadly 8peaking then, thc bulk of 

the Physics I classes at the Cape Technikon have poor physics backgrounds. 

FurthemlOre, the result8 of the numeracy bcnclunarking studics show that the large 

majority of thL'lle students have very poor mathematical skills. In panicular, they 

experience considerable difficulties with thc manipulation of fonnulae and the 

aI'p1i~ation of these in everyday physkal contexts, such as those which generally 

constitute the basis for physics problems. NeverthclClls, the predominance of 
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tllmlUl ae in the diagno8tic kinematics test indicates that these students are very reliant 

on mathematical medlOd~. 

Fill3.l1y. according to the results of the Cla~sroom Test of Seienti lie Reasoning, very 

few Cape Teclmikoll Physies I smdenb arc yet operating at a lev,,] of sci"ntiiic 

reasoning whieh would facilitate their assimilatioll of abstract, theoretical krtiary 

material, especially material presented verbally in the foml of traditionallo;etures and 

wrillen kxt8_ 
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4. The teaching intervention 

All the results from the foregoing bcndllnarking studies indicated that the Cape 

lcdmikon Physics 1 students were under-prepared for traditional tertiary physics 

cdocatillll and were unlikely III suc~eed with their existing pllltfolio ofproblcm solving 

strategies. In the light llfthi~, there was a wong need to adapt the Physics 1 instruction 

methods in order to specilically address the shortcomings ofthe current intakes. 

Several alternatives suggested by recent phy8ic~ education research were considered. 

4.1 The case for a "conceptual physics" course 

Since mathematics appcarOO to be one of the ~entral causes of students' difficulties in 

physics and their consequent negative attitudes towards the subject, the option of 

adopting a largely conceptual approach to physics (Hev,.itt 20(2) was considered. As 

Hewitt argucs, "when the focus of a course is learning the techniques of solving 

algehr"ic prohlems, the allure of physics is degraded" (2002, p. xx). 

Hewitt's so-called "conceptual physics" shills the emphasi~ towards a qualitative, 

conceptual understanding of physics by doing away ,vith much of the traditional 

quantitative manipulation of mathematical fommlae. Equatiom., where they do 

appear. are regarded initially simply as "guides to thinking" (Hewitt 2002, p. xvii), 

with thc understanding that oncc students have developed a "sen~e" llfphysks (and an 
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Verbal rep,resentati(1D 

of 300 with the horizontal. At the A block of mass 250 
bottom of the 
before 

at 5 m/s. How the will the block slide 
eXt,erilenoes a oonstant frictional force of 0.3 N while it is JUUVJII:." 

Pictorial reillrellentatlon 

v==Om/s 

v==Om/s 

u 

Mathematical rel)re:lIlen.tation 

y'l= +2as 

0- +2as 

presenting a 

the x-axis: 

l:F == m a 

:. m a == - F - m 9 sin30· 

y~ 
\ 

to 
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mentioned earher, the lahoratory component was run independently and did fornl pmt 

of this study.) 

Table 5. Summary ~Fin51n<clion(/1 wmponenls oflhe Physics 1 cour,,', 
.-~ 

Component Activities IIrs/ 
wk 

Staff Cornp-
uhory? 

, • Reading quizzes 

• Fornlal instruction 

• Dem<)nstn.tions 
Lectures 4Yz Lecturer Y 

Class discussion 
, 

• 
• ConcepTests 

• 1 min papers i 
• \\'PS: small group di~~us~ion & Lecturer 

TI.doria18 1 y, Y 
~trategi~ing of prohlems Course tutor 

---------- ~ - --- -
Morning I. Problem solving in small groups 
tutorials 

1 Peer tutors N 

---- ---- .. 

Walk-in • One-on-on" a~slstanc" 1-2 Lecturer 
N 

~on~ultation I • Counselling 1-7 COI.lr~e tutor 
, 
I Lecturer 

Laboratories i • Practical work 1 y, Y 
, Lab assistant 

4.4.1. Actiye, coope.-atiye learning during lectures 

A feature of Physic~ I classes (even prior to 2(02) was the extent to which fonnal 

theoretical contact time (so-called lectures) avoided the traditional "chalk and talk" 

method of information transfer (a method in which "the transmis~ion is ellicient but 

the roc"Ption is almost negligible" (Van Heuvelcn 1991a, p. ~95)), and instead 

involved active. cooperative learning on the part of students. 

Early in the semester students were given fornlal in8truction in effective group work; 

how to listen aUcntivcly and critically; cvcn how to sit (the gently tiered lecture 
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stuocnts were more easily convinced of the efficacy of the new method. and more 

willing to adopt it. 

4.4.2. CODcepTests© 

Group work activities based on carefully selected multiple choice questioll5 known as 

~ConccpTcsts" (Mazur 1Q97), which had proved to be especially successful both in 

promoting group interdependence and in fO~Ui5Sing students' attention On underlying 

physics cO/ICepts, were used extell51veiy in 2002 and 2003. 

ConcepTesting involves posing students single multiple cboice questions based on 

specific physics concepts such as Newlon's laws of motion, Archimedes' principle. 

etc. (Figure 19). 

The sketch is a top view of a stone beirlg SWUrlg 
around in a horizontal circle at the end of a 
piece of strirlll. tf the strirlg breaks at the iIlstant 
shown. along which path witl the stone 
continue? 

A boat floats in a dam. It has a large rock for an 
anchor. When the rock is thrown overboard and 
sinks to the bottom of the dam. the tevet of the 
Oom 

A drops 

B remains the same 

Crises 

Figure 19. P.:«1mpl~s ofmull;pl~ choice q"~ .• IiO<l.f u .• ed a,. ConccI'Te.fl .• 

= 

• • • 

After first considering the question on thei, OWlJ for about a minute. students indicate 

their cooires with a soow of hands or coloured cards (to provide feedback ror the 

lecturer), before discussing and jnstifying their answers with their peers in inrormal 
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Table 6. Average percentage" oj" the expat .• giving favnurahlelunfavourahle respomes in 

five specific belief cutegorie, os we/I", Ihe overall uveruge percentage, j'Ir all item, in the 
MI'EX survey (Redish eI al. 1998)_ 
~-~--

COItU"dC'" T ... COOC"PI ,",~lily liuJ.: JI.f~lh .. liuJ.: Owr~11 IJitlel""ndence 

85/12 i' - l!9i6 
- _ .. _- . 

93/3 93(3 92/4 l!7/6 

"" ~ 

• Jncicpcn<lcn<c 

'" . C"hcrmcc 

" 
XC"tlccpl 

;( R""l!ty Lin~ 

'" • "laths Lmk • • • 00 ,..0,-,,,,11 
~ • '" • , , 
> '" • " ~ 

" 
" 

0 

" " '" '" '" '" '" '" 
., 

'" "'" 
Unfavourable 'Y. 

Figure 10. Favnurahle-unfavnurahle plot for the experts mfive specific belief culegories oj 

the MI'EX '<ul'vey as well as the overall tIVCragefor all item.' (Redish eI al. 1998). 

As is to be eXpe<;ted from the expert group. the point8 all lie high and to the left in the 

possible triangle of points, and rcasonably close to the diagonal (i.e. the cxperts were 

generally clear about, and 3s8ertive in. their responses). 

Published results (rom surveys conducted at uthe!- instituti<>n~ alklWoo filT cornparil\<ln 

of the Cnpc Tcclmikon group with the (expert) calibration group and other fIrst year 

student groups (primarily fi-urn the United SLates)_ A pllst- in~tTUdilln f,)rrn or the 

survcy (which used the samc questions as the pre-instruction survey, but a JOOdified 

answer sheet, Appendix D) wa.~ also admini~tered, which alklwoo the shin in 
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5.2 Evaluation results 

Data collected ITom the variou~ evaluation in~truments described above are rep<>lted 

below_ 

5.2.1. Shifts in students' epbtemoiogicai bclief~ about physics 

Redish et al. (1998) reported on using the MPEX ~urvey to test morc than I 500 

students from six different institution~: the Univer~ity of Maryland, the Uniyer~ity of 

Minnesota, Ohio State University, Dickinson CoI1ege, an anonymous small public 

liberal am college and an anonymou~ public two year college. TIle percentage of 

the~e studcnts who gave favourable and unfavourable responses for all categorie~ of 

the survcy (in accordance with the answcrs dctcrmincd by Redish 's panel of cxpert 

physics imtructor~) are ~hown in Table 7, together with the corresponding 

percentage~ of Cape Technikon Physics 1 students surveyed in 2002 (N = 119) and 

2003 (N = 163). The data are marched, that is, only student~who took part in both the 

pre--- and posl-instfllction sl1fvey~ have been incl uded_ 

Table 7, Percenlages oj stadent, .gjl-ing favourable and w!JiH'Oumble re:,ponses for all 

carel(Or;~s ()f the pre-imtrnction phy., ;c., exp~clati()l'-' ",IINey.' 
. -, - - -- , 

All categories of the 
c:>.pcdadoH5 sun'e)' 

F",voun,hlc ! Unfavourahle 

The prC'll'llt Cape Technikon 2003 57% 24% 

,,'ork Cape Technikon 2002 58% 23";' 

! University of Mary I and 54% 23"/0 
~ . -~ , 

University ofMinne~ota 59% 18% i - ~ -

I 
Reported Ohio State University 53% 23";' 
in Redhb ~ - ~ -, 
et u/. 1998_ Dickin,;on College 61% 15% , , , A small public liberal art~ college 57% 23% , , , A puhlic two year college 

---- --

55% 22%--
------- -- ~-
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The ravounilile-unravourab1c plot of these data (Figure 21) illustrates the similarity 

between the pre-instruction epistemological beliefs and expectations of the Cape 

Technikon students (in both 2002 and 20(3) and their counterparts in the United 

States in all categories of the survey. The plot also highlights the "substantial 

discrepal\Cy~ noted by Redish et a/. bc:tween the responses of pre-instruction students 

and those of the experts (1998). Student answers correspond with the expcrl view 

only about 55% of the time, and are explicitly at odds with them almost 25% of the 

time. 

'" Co 

'" 
'" 
" 

~ • 00 • 
~ • ;0 • , 
• > 

" • ~ 

" 
" 
" 
0 

0 " 

LI ~\.r" (pli,·'''' il'tf\l",n~' 
• Co"" T eohnilon 2()(G 

• elipc I,"Chmw n 2002 

X lln!\ Cl~~.\ "C.M,,,, 1"",1 

:t: Uu1\'or,if, "CMlII.Jl"..,r, 

o Ohio Sto'e lJn~'""m 

+ Dlclirlson Co llege 

- A ' m oM ptobb.; libc."d .rt; "(>llcgc 

- A p\lblt.; 1\\" yo"rcnlle~. 

"'" 
Unf;wournble ./. 

Figun 21. Pu_in.'t~uClion ~XP~ClilliolVJ YU~vey: compil~aJivr .·CO~e£. A favouroble­

unjilVourabl" plot c()mparing Cape Technikon .<{went.'· pre-instruction overoll -'Core.' for all 

ca/elo!odes of/he physics expectation., ~urw)' with tho .• e of the experts. as well as with those oj 

vari(lUS United Stale.' student group .• (Redish eI at. 1<)98). 
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More detailed information about the ('ape Technikon students' pre-instruction scores 

in the ~ix individual categories used in the local expectations survey in 2002 and 2oo3 

i~ given in Figure 22. 'Ihe plot shows the overall simiiaTity between the pre­

instruction beliefs of two year gronps. 

-
-

O Ol'emll 2W2 0 0\ c", I2003 
M • lrule[l"nd eoce 2002 . Indepen<ieoc. 200,1 

00 ... CohereDce = ... Coberen<c 2:01)3 

• X Con<c'pl2002 X C.m"epl 2003 
00 • ;f R •• kr,- h >l; 2002 ;:r R •• ln,- lIlt200l' 

" 
- Moth , Link 2002 - M >lh, L.,U\lH 

r 
~ • • M .1';-,,,£,,,,,,,,,,, ,,",,, 2tXl2 • M ul';· "'p "'''''' '01 ... m.l 

~ 
00 ~ , 
" , 

»( 

! " " 
" 
'" 
" 
0 

0 " '" 00 '" 00 co " 00 00 "" 
lInfa\ournble 'Y~ 

Figure 21. Pr~-inslructwn expecfalion," survey: Cap~ Technikon de/ail," ]()(J] and 1003. 

A favourable-unfavourable plot of ]002 and 200) Cape l'echnilwn student.' · pre-instrnclion 

r~sponses for the six individual cat~gories of the physics I!Xp~clalions survey, aT well as their 
overall ,c(lre,. 
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Figure 23 ant! J<'igure 24 show. for the 2002 and 2003 Capt' Technikon group~ 

Te~pe~tively, how the students' epistemologies changed [rom the pre-in~troction 

survey to the post-instruction survey. Resides three ind;vitluai categories on the 20{)3 

plot (Multi-representation. Coherence and Indcpcooence) which show a slight 

negative ~hitL all other pre- to post-instruction changes, including the overall shift in 

physics expectations rOT hoth the 2002 and 2003 students, arc positive. 
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" 
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" ~ • " " , 
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'" • " 
'" 
'" 
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0 

Unfavourable 0/. 

r";erall pre 

U,emlip'"l 
[wlq",udollc'C pre 

• [mJcpenJomco p" , l 

C"l,~",,,,,o P'C 

• C"hmmc< p". l 
C"",",cpl pre 

C .. llce pt P'''' 
&.),0:,' h'k pre 

l' Rool ,:\" link p", l 

MOll" Link pre 
- M"lb, lml. p'"l 

Muiti-rcl'''''''"'''''l00 pI< 

• M "lt~«r'<>""'''''''' PO" 

'" 
,., 

Fif,:ure 23. I'hY;'ic;' ~xp~ctations shifl$: CQP~ Technikt>n 2002. AJavourabie-unfavourabie 

plot of 2002 Cape Te"hnikvn .'tu<l~n/.1 . re,,!,omes 10 !JOIn Ihe pre- and post-;mlruction phy.,ic., 

expet"latio"," '"uneyJ. show;ng the .1hifi jn overall avera"e. as well as the shift., for each 

calfgory vf Ihe ;·urvey.<. 
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- Moth, Unlpo'l 

• M ,d'H'I''''''"''''''''' 1' '' 
• M"ItJ_fCPrc,CIl'otlO/l pool 

Figure 14. Phy,.ic" ~xp~cllJlfuns shifts: Cape T6:hnikun 2003. Afuvourable-ul1favoumbie 

1'101 of 1003 Cape Technikol1 slud<'l1ls . respo"se, 10 balk Ik" pre- and po.,t-itJ.<truction phy.,ic.< 

expectation.< .mn-ey.<, "howing Ihe shifl in overall a",'rage. as well as Ih~ skifi, };". ~ach 

category of Ihe .wrvey.<, 

Figure 25 comparcs the shifts (from pre- to JlOst-illStruction) in the overall averages 

of the Cape Tcehnikon groups with those of each of the six student groups sUTV",yed 

by Redish et af (199l!), To acccnluate the eomparisollS, the diagram shows only the 

upper \eft portion of the complete favourable-unfavourable plllt. As rcpllrted by 

Rcdish el af. (1<i9l!), at everyone of the United States institutions studitxl "the overa!l 

resuhs deteriorated as a result llf one semesl~>f of inslru<:lion~ (p. 222). 

By contra.>t, the llverall resulls of both tlr 2002 and the ZOO3 Cape Technikon groups 

llnderwent positive shifts fullowing instnl<:tion in (he new multi-Ttopresen(aLional 

problem solving approa<:h to physi<:s. 
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Figure 15. Phy.<ic.< exp~ct(Jrions shifts: Comparislm hn wun th ~ C"P~ r~cJ"'iJIO" and 

UniJ~d SIfJ.U:.< woup.<_ An enlarKed .• ecrion oj a favoumble-unfavourable 1'101 shawing Ihe 

shilts herween Ihe pre- and posl-;nslrucU"" ,"cure,' of Ihe 2002 and 21}()] C up~ T echniAof1 

sluden/s ami Ihm~ of Ihe ,;;X Un;l~d Stales in.<lilulian.< rqwrled hy Red;',h el at. (/99111_ In 

contrast 10 Ihe ~egalive shift·, of eoch of the Mx U~itetl State., student group;ng .• , the physic .• 

expt'dalions ofbo!h Ihe 2()()2 and the 2()()] Cape TechnjJwn .,tudeni group .• improved ajter a 

.'emeSler of in.<tr~ctiOt! Irr the new m~lti-repre.,emaiional approa"hes to physics p~oblem 

.wIving. 
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5.2.2. Students' use of multi-representational techniques in tcsts and 

examinations 

Figure 26 compare~ the first two class tests (Appendices H and I) and the linai 

examination of 2003 (App~ndix J) in terms of the number of studenb who produced 

tomla) physic~ diagrams for the r~kvant questions, the marks they achieved for those 

diagrams, and th~ overall class test or examination average. 

100% 

00% 

00% 

70'", 

"'"' 
"'"' ~O% 

e<>% 

'" 
'" 
" Test 1 Test 2 

Ell % stulcrts usir¥ dilgrarrn ;: 

fill Awragc dilgram % 

~ Test/Exam' % 

Examinatioo 

Figure 26. Progre .•.• iOf/ dwif/g the COUrse of thejirsl semester of 20(jJ of the adoption of 

multi-repre.,emarionai problem .wlving technique .• hy Cap<' Techf/ikon .• tudenls. The ch"r/ 

al.w .,how.' the average mark awarded ill each lest specifically fOl" physics di"grams, as well 

m, the overall cia.'s average for the lc.,l or cramillalion 

The number of ~t",dents using physi~s diagrams in fomlal tcsts increased steadily 

during the s~mest~r, as did the overall averages for thesc test~ and the examination. 

The averagc of the marks awarded ~pecillcally tllr pbysics diagrams in~r~ascd from 

Test 1 to T~st 2, but deelin~d in the final ~xamination. possibly because fewer marh 

were awarded for physics diagrams in the examinalion, and the marking of thcsc 

diagrams was don~ more slridiy than in th~ class tests. 

Nevertheless, many students' diagraIll.5 in response to context-rich q",e~tions in tbe 

final examinations in 2002 and 2003 rellected a considerable degree of sophistication. 
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Figure 27, Figure 28 and liigure 29 show examples 01" the uw of axes, formal sign 

conventions and the appropriate remnling of txJth known and missing data, 

2.3 You arc dri~ing at night at 90 km .. l1 up a slight hill when you sec the 

taillight8 ()I" a tru~k ah~ad of you. Suddenly you realise that the tru~k is 

not moving lil):v,ards (in fact it is rolling back dov,TI the hill towards y()U 

at a <.;()nstant 2 mls) and, when the truck is still 42 m away, y()U hit th~ 

brakes and begin slowing down at Ii mls", 

2.3.1 Draw the <.XJmplete Physi<;.S diagram of the situation which you would 

usc to determine how long it tak"8 (after you hit the brakes) before the 

truck smashe~ into YOll. Your diagram should include all the relevant 

variable~ ",hid) YOll know, as we/I as those which you would need to 

determine in order to find your all~wer, 

.1.! '. 

Figure 27. An example 4 a sludenl." response lu a q"'csliun in the 2002final ilXamination, 

showing the exlenl and sophisticalion of the "se of mulli-rep"esentalionallecimiq,w5. 
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2.2 In the same instant that a Porsche races past him at 129.6 kmlh, a speed 

cop sets off on his motorcycle. accelerating uniformly at 8 mis" to catch 

the speedster. After 5 s the traffic officer reaches his top speed, which 

he then maintains until he catches up to the car. 

2.2.1 Calculate the motorhike's top speed. 

2.2.2 Draw the complete Physics diagram of the situation which you would 

u~e to detennine how long it takes (after the car pas~e~ him) before the 

tratlic oflioer catches up to the car. Your diagram should include all the 

relevant variables which you know, lIS well as those which you would 

need to detennine in order to lind your answer. 

Figure 2& An example of a students' response to the second pm1 of" que,·tion ;n rhe 2003 

finol e:wminolion. showing exlensive use <if multi-represemalinna! techniques 
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3,1 YOl! and your l'n~nd~ go ~and ~ledding in the HOllt Bay sand dtLn~~. You 

dimb up the front face of the d\lllc (which yOlL cslimal~ make~ an angle 

0[3]0 with the horizontal) to a height of 30 m However, before YOll sit 

down on your piece of wax cd hardboard and begin sliding down the 

dune (from rest), YOll decide YOll' d he!lcr tiTsl calculate how fast you'll 

he going when you reach the bottom! 

If the ~odli~ient of kinetic friction between sand and waxed hardboard i8 
0.16, detennine how many kilometres an hOUT y0l1'11 be doing at the 

bottom ofth~ dune. 

liTO 

\I.~ .' 
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> ~ t1jf '" 
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, , 

.F~._ '- \''':-',c. ~ ~ "-r- ,,', 
(;C. 7"~ .\"1,, ,- M. '1 
1. '~) ,t f t ,~ .'Uj ." "c' q 

'. __ f+_'_'"5~:'J' c ~,L~ g, 
_ o,~~F,,_, ,.' __ .':',"'.1- 0",;."" 'J. 
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' '' .. i ~ '''''''' ,r' "" ~," -,-, >V ,,<,I 

FiKUTI! 19. AI! example of a situ/ems' response 10 a qucslion In /he ](j(}2(inal examinalion, 

A/tho" gh Ihe que"lion doe., nol .'tipulale the need/or a diagram, Ihe sludenl makes .lull use of 

multi-repre,mnlalional tcchnlq"es in reaching a con'eel n"meri""l ,'olu/iun, 
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5.2.3. .Feedback from students 

Thi~ section reports on vario\15 items of qualitative, subjective feedhack elicited from 

sludent~ by means of several questionnaires. 

(a) Weekly Problem Set and teaching style "v"luation 

During the course of the seme,ter students provided the lecturer with continual 

infurmal feedback about the Weekly Problem Set~ and the cognitive conflict style of 

Ieeturing in the filTln of verbal comments and "one minute papers". Much of thi~ 

feedback was positive, and almost all of it wa~ con~tructive, enahling the lecturer to 

make continual responsive adjustments to the problem sct programme and his lecture 

deliv",),. In addition, a tormal questionnaire (Appendix G) was spccifi~ally de:'<igned 

in 2003 to coli ed both clo~ed and open-ended responses to several of the educational 

strategies implemented to reinfim;e the new multi-representational problem solving 

intervention (Section 4.4). The questionnaire was completed by 180 students toward~ 

the end ofthe seme~tcr's instruction. 

A few intormative quotes from the open-ended questions are induded among those 

from the more geneHll end-of-course evaluation questionnaire below (Section 

5.2.3(b)), 

Besides re5.pOnses to questions about the peer tutors and the cour~e mentor which are 

not relevant to this study, the 28 Likcrt-~~ale item~ in the questionnaire also elicited 

infomlation regarding students' views on the Weekly Problem Set program and the 

lecturer's cognitive conflict style ofteaching. This information is sLllmnarised in the 

form ofan agree-disagree plot filr the relevant question~ (Figure 30), 
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Figure 30. An agree-disagree plot of st"denl,-' responses 10 selected 'f'ies/ions ji-om rhe 

Likert-.wale feedhack que.flionnaire concerning Ihe freddy Problem Set program and the 

cognitive c()nflict ,<tyle ()f lee/uri"" ,,-,cd in fhe course. 

It can be seen from the plot that the majority or ~ludel11s believed that these two 

strategies were both enjoyable and effective in promoling understanding of physic>. 

They were, however, Ies> convinced oftheir impact on their actual course marks. 

(Ill End-of-course evaluation 

At the end of thc course, studcnts wcrc given a course evaluation que~tionnaire 

(Appendix F) hased On the standard feedback que,tionnaire used as a matter of course 

throughout the Cape Tcclmikon. While most or the Likert-~eale items in the 

questionnaire deal with mundane aspocts of the cour~e and the ledurer (such personal 

organisation, punctuality and clarity of diction) and will not be reported on here, 

students W';''IT also explicitly invited t" comment (~eparate1y) on those aspeds of the 

eour~e and the lecturer which they liked and disliked. 
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5.2.4. Physics 1 pass rates 

Th~ puss nltes for Physics 1 in the l'nculty of Applied Scicne.,,; at the Cape Tedlilikon 

between 1993 and 2003 are shown in Hgurt' 31. The figure shows adualnwubers of 

enmll~d stl1<.lents, the nwuber of those who passed and th~ perc<mtage pass rate for 

~ach orthe eleven years. 

~-----

'" --Z13 -

" • "'" • • • " ~ 
'"' • • • 0 , 

• 7. 

1993 1994 1995 1996 1997 1998 1999 2OO{J 2001 2002 2003 

a Sn'<len!s pass~d D P~rcertage pass rate ; 

Figllrl! 31. Physic,' j enrolment and passing .<tatistics nelw<!<Jn 1993 and 2003. Tlw 
paemlage pass rares are .<hown ;n rectangles jor eaeh year. 

Physics 1 enrolment figures remained roughly constant between 1993 and 2000, 

averaging about 170. If th~ anomaly of 199R i~ ignored, the pass rate dcclin~d 

steadily from 69% to 45% <luring this period. After 2000. enmlment exceeded 200 

for the first time, but the pass rat~ wa~ initially even 10w~r than before (allowing lilr 

the 1998 anomaly). Only once the new teaching intervention was introdllced in 2002 

and 2003 did the pass rate show signs of recovering. 
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It may be argued lherefore that, had thi~ intake of students bcen in~lrucled in the more 

traditional, mathel1laliClllly-centred ways of physi~s rather than the n~w multi, 

representational approa~h, the pass ratc wOl.lld inde~d have been much low~r (i.e. 

more m lm~ with th~ prevailing trend). 
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Figure 32. lI.elationship betwem 2003 swdents' scor~ ,",Iegories on Ihe pre-instruction 

num~racy quiz (."'CQ21}()3) and Ihe jracliun af .</!Idem .• ;n each cOiegary who pa.<.<ed 

l'hv.<;cr 1 01 the end of the semester. Th e da,'hed line is a least squares/it to the d"t". 

Finally, th~ ~ase studid in S~clion 5.3 ~hoo fmther light on the inlen'dationship 

between students' adoption of the new multi-representational problem solving 

~lratcgics, lheir subsequently incrca~cd confidence in tackling complex physics 

problems. and their ultimately more successful mathematical perfOimance. all of 

which l~d to improved eoursc marks. 

R7 



Univ
ers

ity
of

Cap
e Tow

n

6.2 Reflections on implementing the new curriculum 

Sevenll issues militated against complete adoption by the students of the new problem 

solving strategies. 

6.2.1. Conservatism 

A common problem facing any new intervention is the conservatism which inevitably 

arises from the pressure of final examinations. Even students who are persuaded to 

try the new techniques during the course of instruction sometimes revert to tried and 

tested algorithnls when their linal marks arc in the balance. "Most students choose to 

trust their practical experiencc a.nd adjust their behavionr in a manner that will get 

them a good grade even if they believe that alternative behaviour would result III 

better understanding" (Hendcnmll e/ al. 2003. p. 165). 

All Faculty of Applied Sciences students whose diploma programme dictates that they 

enrol for Physics 1 encounter the subject ill their lirst semester of tertiary stooy, 

concurrent with - not subsequent to - a lirst mathematics course, alld furthemlOre at a 

time when they are still making enOmlOUs social adjustments. A IS-week course in 

physics. in a.n environment overwhelmingly different to that of secondary school, is 

all extremely short and isolated forum in which to expect students to buy into. adopt, 

practise and perfect a totally new approach to problem solving. Ne\v paradigms need 

time to he assimilated and internalised before they become parl of a student's stoek­

in-trade, and the benefits of these deeper approaches do not always show up early in 

actual marks. 
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6.2.2. Ignorance ofp/t}'sics pedagogy 

One semester is also a very short time in which to attempt to free stlldent8 from the 

conditioning effected by 12 yean; in a secondary school edllcation sy8tem in which 

they iIr" oHen rewarded ~imply fur sitting passively while the teacher "teache8", In 

general. South African secolxiary school practice discourages large"scale active 

participation by pupils, who consequently have to make great adjustments (in a ShOli 

time) to meet the self· study requirements ofteltiary education. 

It is impossible to master physics without engaging actively in the process of 

constructing pcrsoillliised conceptual knowledge, pattly as a result of devd oping mOre 

expert· like problem solving techniques. in this regard physics stands apart from most 

other Cape Tedmikon offerings (certlinly first year offerings) which require mainly 

only first order cognitive skills such a8 memorisation and recall - 8kills which are 

inculcated at secolxiury school leveL Physics J is unusual in the extent to which it 

requires students to develop 8econd alxi third order skills, by, fix example, 

transferring problem solving skills from One context to another, and, fllrth er, 

synthesising isolated bits of infonnation into "chunks" of knowledge in order to grow 

a single, reliable and consistent model of the physical world arolUld them. In tenns of 

the distinction made by Ryle (1949, cited in White 1988, p. 33). where other subjects 

concern them~elves "Hh "knO\~ing that", physics is primarily concerned with 

"kllOwing how". 

Even programme coordinators wld other administrators sometimes fail to appreciate 

these di8tinctions, They tend to be suspicious of the "different teaching procedures" 

implemented in Physics I and beline that the subject's poor pass rates could be 

improved 8imply by "better" (i.e. more traditional) teaching. At other times 

educational concerns me completely subdllctcd by financial and political 

consideration8 such as sllbsidies or continued programme viability, both of which me 

inextricably linked to throughput rates. 
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Student feedback has revealed that, wittingly or unwittingly, these admindrator~ art: 

sometime8 guilty of conveying their own narrow epi~temological beliefs to studenb, 

thereby I.mdermining attempts to develop genuine life-long learning skills and 

attitude8 in the course of Physics L Srudents have been led to believe that, the slated 

objectives of Physics I notwithstanding, they can pass the subject purely on lhe 

strength of theIr performance in other (content-rich) subjects, or, if necessary, by 

being eventually "put through" through the administrative intercession of a 

programme convenor or other admini~trator. 

The ethos thus created feeds the pll.\;sive "ClJlture of entitlement" increasingly 

prevalenl among first year tertiary students in Somh Africa, making it difliclJlt to 

motivate them to engage meaningfully in cffortful learning activities, such as those 

demanded in the development of robust problenl solving skills. 

6.3 Limitations of this study and further work 

It is difficult, if not methodologically wl80und, to infer a 8trong causal relationship 

hctv.'een anyone teaching intervention and student8' ~ub8equent academic 

improvement Fir8tly, for ethical and logi81ical reason8, educator~ seldom have the 

luxury of being able to maintain a control gronp while subjecting a test group to a 

single specific intervention. For any given year grOIJP, oouealors will implement as 

many supportive and possibly beneficial teaching strategies as they can, the effccts of 

which may also be as yet untested. Furthennore, ,ucccssful generic intervention, 

applied in other subject, (e.g. training in note taking, lime managemenl, etc.) will 

inevitably spill over into the experimental group, further impacting academic results. 

Secondly, there are many ways in which "academic improvement" can be artificially 

manipuiatoo. Levels of diffieully inevilably differ from onc examination to another 

and standards are relative, being subject to both natural gradual readjustment and 

political pre,~ure. Phy,ic~ 1 al the Cape Technikon is 'lJbjeet to only internal 

moderation and it is co11~ equently quite possible to effect considerable mark 

adjustments ifthcse arc deemed expedient. 
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Further work would be needed to establish a definite cau~al relationship between 

explicit multi-representational problem solving training and improved academic 

performance in physics. 

Mention was made in Section 4.3 of the use of worhheets for developing ~tudents' 

conceptual and pre-mathematical understanding of kinematic~ quantities such as 

velocity and acceleration. In practice. only very limited use was made of such 

worksheets in this study, as it was found that many students worked so ~lowly and 

laboriously through the examples that the graphical representations became an end in 

themselves instead of qniek and simple devices to facilitate students' grasp of the 

problem situation. By the time dynamic~ wa~ introduced, worksheet> were 

abandoned, and ~tudents roceived W<lining in the con~truction of free-body diagrams 

purely through the mllClel1ing of examples by the lecturer on the chalkboard. Perhaps 

the use of ~uch formal worksheets may be more appropriate and userlll in foundation 

cour~e.> running over a longer period of time than one semester. Care would 

nevertheless still need to be taken in order to prevent students losing sight of the wOC>d 

for the trees. 

In the present study, students were trained to progre&; linearly from the text of a 

problem, through the pictorial and diagrammatic repre~entation~ to the mathematical 

representation. Time constraints preeluded experimentation with the "shuffling" of 

these stage~, a~ ~ugge~ted by Ale~andtini (191\1) in order to develop even more robu~t 

problem solving competencie.>. Further work nced~ to be done on testing the 

usefi1iness of, lor example, presenting Shldcnts with a mathematical representation 

and a~king them to "work backwards" in order to suggest pos~ible pictorial (or real 

life) situations (or eyen textual problems) which may haye led to the mathematical 

statement. 

Finally, there is much scope lor investigation into the oVemJ"ehing issue of langllage, 

which hw. roceived only the btiefe.>t mention in the pre~ent work, de~pite the fact that 

the very first step of most multi-representational problem solving strategies involves 

interpreting a langllage-based depiction of the problem. The i~sue is partil<ularly 
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(;ritical in the SOldh African context, where no le~~ thall eleven official lallguagcs arc 

recognised and accorded (at lea-'>l theoretically) oqllal ~tatu~. The recently revised 

language policy of the Cape Tochnikon (hhtorically a dual Ellgli~h and Afrikaans 

medium institution) declares English to he the primary medium ofin~tru~tion, but al50 

makes reference to providing assistance to studont~ in their mother tongue "wherever 

this is possible or feasible". In practice, however, hesidC5 the provi~ion of a few 

tutors capable of speaking one or tVM Afiican languagC5, it i~ usually only Afrikaans 

speaking students who receive extra consideration in the way of having their cour~e 

notes, tests alld examillatioos presented in Afrikaans in addition to English (although 

even thi~ is no longer currently commOll practice at the Cape Tcchnikon). 

The problem is exacerbated hy the im;rea~ing numher of tilreigo student~ enrolling at 

the Cape Technikon. Many of these come Irom other Aliican Cfluntrie~, both nearby 

alld distant, and may speak a local dialect andior a "colonial" language such a~ French 

or Portuguese. lhe Teclmikon also recently entered into a special educational 

relationship with the People's Republic of China, and several Chinese l>]1eaking 

students are currelltly enrolled in the Faculty of Applied Sciences. Having ~aid thi~, 

however, there is anecdotal evidence to suggest that foreign students in fact often fare 

far better academically than local students at the Technikon. Greg Pastoll (2002) has 

sllggestod that the ~o-called language problem i~ Ie~ to do with "lack of command of 

language" than it is to do with "mllddled thinking"_ "A muddy thinker will express 

himself muddily in any Iallguage, but a clear thinker will always take the tnlllble to be 

clear, using the few words at his disposal" (p. 75), 

Apologi~h who persi~t in eX,"-'U5ing local smdcllts on the grounds that the "language 

problems" they experience are dlle to historical disadvantages rather than a lack of 

ef'tort["l commitment to making meaningful sellse of the world around tllem, arc 

pc-rhap~ helping to perpetuate students' illferior rea50rung and functioning by drawing 

attention away [rom the real causes and, hence, effective ~olution~. Since "languagc 

problems" is one of the most oft-cited reasons tor students' pom performance at 

tertiary level, ["rther research into the true nulure and cau~e~ of the problem would be 

very valuable. 
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6.4 Conclusion 

During the course of fir:<:t year tertiary physic~, as problems become more complex, or 

the COlllexl becomes l.11lfamiliar, studenls discover lhat their familiar secondary school 

algorithmic approaches begin to fail them repealedly, With nalve ideas about what it 

means to stlldy physics, and ill-eqllipped to reason logically, they become increasingly 

frustrated, reselllful and demoralised. Man)', unused to the responsibilities of tertiary 

study, exlernalise lheir problems, attributing lhe failure of their previous strategies to 

a perceived intent on the part or lhe leelurer to deliberately cause them to filll by "not 

teaching properly" or "making the subj eel unnecessarily di /lieul!", 

The tension between poor numerical ability and an over-dependence on nllmerical 

methods is almost certainly one of the main causes of poor first year physics pas~ 

rales at tertiary level, but is seldom explicitly addressed by tertiary leetureT!l_ 

Educator:<: althis level perennially assume thai incoming stlldents have been taught 

problem solving skills at secondary school le\'el, or, because they have elected to 

study science, that these students have natural numerical and algebraic abilities. This 

is seldom the case, however, even in developed, first world countries with wel1-

established secondary schools, well-staffed with scientifically qualified edueators_ As 

Hewitt (1982) cautions, it is a mistake to assume that just because it is easy to leach 

physics mathematically, it is ea.~y to learn it mathematica]] y. 

Only a carefully planned, properly structured, research-based leaching intervention 

specifically designed to address these particular shortcomings and attitlldes has 

proved capable of effe<.'ting significant change in such unpromising conditions. 

Equipping students with multi-representational skills appears to allow them to step 

back from the required mathematics long enough to see "the bigger picture", that is, 

the lrue nature of the problem, the underlying Plinciples and concepts, and pos.~ible 

ways of solving it. This study show~ that it is possible 10 lrain students in such 

llnfamiliar skills in a relatively short period oftimc, even within the context oflarge 

classes of mixed ability. 
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As students gradually learn to use the nev, pre-mathematical strategies, they gain 

confidence in their ability to undtlrstand and solve physics problems. As they develop 

more conceptual insight through the use of alternative tools, such as physics diagrams, 

they learn to ~hoose l\lortl appropriate lHath"'llati~al representatioru; and they make 

fev,er mistakes in the numericalslages ofprohlem solving. 

Students enrolled in the Fa~ulty of Applied Sciences at the Cape Technikon are not 

studying to become physicists. They are, how"v."., all ~tudying to becol\ltl 

sdentilically literate, and as such it is vital that they btl giv"" substantivtl grounding in 

the fundamentals of science, that is, its fundamental content, its ways of thinking and 

reasoning, and, above alL its methodologies. 

The tlxplidt training in pre-numllli~al, qualil1ili'tl and conceptual skills carried out as 

part ofth" multi-rcpre~entational approach introduCtJd in the COllTse oflhi~ ~tudy has 

been dtmlonslrated to be an effective mcatl, of imbning even weak student~ with 

scientific procednres and principles. Despite thcir poor llluneracy and reasoning skills 

and their initially inappropriate beliefs about learning physics, many Cape Technikon 

students found that the new approach enabled them to develop a deeper, mOTe 

satisfying understanding of the world around them. 'Illese methodologies and 

competencies pave the way for furth"r authentk life-long learning. 
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Appendix A Baseline Mathematics quil 

F~CULTY OF ~ P PLICO SCIFNCFS 

~ CAPr HClINIKON 

• Cr.:.o~e that answer whid'. in your opinioo .. l1e C(}!Tec\ Of be~t answ<x and marl< tho 
apf""opriate block on th<l ",,~wor sho>et pro>ided. 

• If you are sure of yO'ur answer, mar> aIoo the bock containing the quo>~t"'" marl< 
• U"" roy a PENCIL on your a,,,,,,,,>r ,,".eet 
• In to.9 case of a '....-on~ ans'......,- IIrase tre pend mark mmpietcfy, 

,. How many b,;d," were used to buik! the wall in tho 
ad.acooI sk<>ld1? 

The adjaoont pip~ i. out atong th~ dotled lino and jo\ded 
down flat Which one or lhe fofb"';ng . hajJes,..;1I yoo see? 

'[-' '[l 
Whal fraclion of the aqacoot figure is $1,adI/d? , , , , , , , 

C \ 

4, To tar a rectanyl<l 4 m by 3 m a buildo>r n .... ds 9 "'"'.eetbarrow loads or tar, How 
rTl!II1y wheolJa,ww load. will he """~ \0 tar a ""o\.,ng ", B m by 0 m? 

, 

A 13,5 , " 
A cubo ha . $ix fa",," (facets) 
dimen.lo~ lett..- C have? , , , , 

How many face~ does lr;s three-

If'" i. 8n odd nt.mber. which on .. 01 thelolowing .. also M (}dd n'~ 

The adjacent piclurll .oo'NS a ~ cuoowllh une comer c-u! Dfr 
....-.d shadoo. wo.ich 0'"" of the fulkllwl~ drnwing$ ~ho_ how 111 .. 
cu b<o will""" wh en >iewed "ir"d~ from ~bov"? 

' D 
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Appelldix A Baseline Mathematics quiz 

, AI sKles of lhis figo. .... 31-~ dr.er honzcl'llal '" "~rlical. f' __ J How far is it arolrid the figura? , 
" " " C "' " irflPO"$ibla \(> ""Y " 

• Wm.t is th ~ ~ppro.irn.lte maSS of;m empt~ n1inibu8 Ia>o:i? 

A 1 45(1 kg " 2,400 kg C 5 Ions " 6400g 

'" Th~ ro:nlJers in this 101'.' are istoo accordl"<Jlo a L." rI:>in patl .. -n. 'Mllch nunb~r I, 
min<ng? , " "" 
A " " '" C " " " 

" Which of the folk:>wi"<J 1$ NOT OquWalenl 10 14".? 

A 0,014 , , 
C '" " 0,140 

" "" 
" A piOO~-b_ hoKl. aqlla l nurrbe", 01 50-.,,,,,1 ",,"n$. 20-c~nt coins and 10-cent 

coin s. Ilow much 'Mney "' t~ro in \h~ piJlJy·bank it it "",kJs ""ht 5O-<o~nt ", in~? 

A R4.00 , 400 cOnt, C R6_oo " R6.4Q 

n A pil e of5(l ~t, of paper is 0,5 em thid. lfow thi~k is one shoot? 

A O,lrro11 " ,~ 
, 0,001 ern C O,02~ an 

" Each pilla $UI'D,ed by a restaurant wn .. st8of 8 slieas. i-tJw many pllz"s ',1\1$1 
16 stu dents bu~ If ~ach anewant. to sat J .. '"".? 
A " " 

, C '" " " 
" A driver ""00 40 . tras of pal;rol to truv" the distancaofl;l(){) krrr from Ga;>e Town 10 

Pert Elizat.eth_ mil many i tres of pe. ol w'l l he usa to trovel tha YIO krrr from Port 
Elimblllh '" Ea$t londoo? 

A " " '" C " " '" 
'" A SIla~ ""-m is 5 em o "<J 9 ida. forw;yd ," . • ... al a steady pace. II covers a distar>ee of .,~:" .-5 ~m ~v~'Y rrrinul~ How Iong"";l1 it taka .. " , 

Ih~ smil to pas. ~Ie~'lhro<#l a 
pipe which;,; 25 ern long? 

A 2,~ rrrin , ~ min C "~ " 8 min 

, --------_ .. _- - - -
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AppcndixA Baselinc ~lathcmatics quiz 

H. The mass 01 a ","'ai""," with ' ''gar wa. 13 kg. Aft"" ~'"' thirtJ ~I the . ugar had 
be~n usoo, lhe mM. 01 Ihe contain." w~h the rest 01 the su~a r wa" g kg. What 
..... as the mas. 01 the Cfll!Jty container? 

A 1 kg B Hg C 10 <g o nO!", 01 these 

13. In lOy""'" time tr·a combi""" ">1<" 01 lo ll' ~isters w~ !:xl 1 00. W~t w~ lhe 
~d a~s be in 5)'C~ time? 

19. A cricket ~nd ~ fi~~ deCid~ 10 r.w up ~ ~ht 0112 stai". The Ilea tak", two .teps 
in 0I\e ~ and Ir.c cr'<;kct take. 3 otaps in one hop. On how many ,t"l's wn balh 
the fi~~ and the crrt&l. land? , , c , 

20 A cooIdmk costs R2. You get [,(Jc when retumi"J ~ n ""'Ply bottle. /l ndio~. 

R20 I~ spend on caddo""s. WhaI. is the rna xii,.,..,., lIl-'lTi:>arof ~ ho can IxJfI 

c " 

21 Four d-Iklrcn play tenni.. ~ach chi d plays cacl1 01 the atMl" once. How many 
m~td1,," are playect'? , , c , c , o 12 

n Gin~ ~" ~ 4-digil rombi1ation wti ch opens Mllocker pad!oc<. Sre remembers 
that lhe digb arc 3, 5, 7 and S, but I"" lory:>I.ten 111~ ror:-toct order. What j, the 
maximum rurbcrolgLJG~""" ~he woukJ I'laVG t~ make 10 try to open he,- look? 

23. Har 01 1 0" i" , ,. 

B 24 

B 10~ 

c "' 

24. A boat .~ I. from point X lu puirlt Y on a bearing of 079' . In what dircclio!l m ... t ( 
.ail t~ get baok to X lrom yo 

A 079' [J 1A9" C 259' D 281 ' 

A string i. "",""nd ~ r<>.Jnd a eircu!,.- IUd " ""0'11)1 IOU" ti me, . ~, 
creating a heli. from one end of thG rod!~ the ~th"'. What is ;W'" t '7---.L..J 
the length 01 t . ..., string ir the rod ha s ~ i<'no;1I1 of , 2 om and ~ 'i\'L 
circumfe:oo"" uf 4 em? 

1\ ,60'11 C 24 cm o 28 cm 
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Appendix A Baseline Mathematics quiz 

The diagonals on two adjacect laces 01 a cube meet at 0"" 
vertex, as .hawn, Whal i~ the sj~~ oftl1<' angle betwwn the 
J:agoo~ls" 

B 50· C 00· o 120' 

27. A lame cube COI,,"s\~ 01: alt~rnat~ bI~d< ~rWJ whit~ Gllbes, 
~s sllOWn ill \I", fi~ lJ"e, Haw ma~y vA lit" rubes are there 
in tr.e large Gil ;"'? 

, 0 

C " 

, " 
C U 

<8 A boy acd a girl ru~ a 100 m race, wh'dl t'>e boy"";o5 by 5 rn, so \I"'~ decide to 
race a[J<'in, Ihi~ ~ with tr.., boy oI~rling 5 m behird tr.e starling I~"". If they earn 
ru"l ~t the same speed they ran bet,",e (ard their "c""leraIion~"", iDI1<>'1'd), 

A 111<' bOO! ,,~I"";n by 25 em 
B the bo~ will"";n by 50 em 
C the boy acid t-.e pirf will tie 
D 111e boy "'II 10." 

29. The peap e below are represented by six points on 111e gra[lh, accord,ng to th<>r 
he' ghl~ arid apes. WI-wch port re!>'esent. Da"";d'~ 1-.eig1t and age? 

\~ 
1. , . ,. • , . • .. ,. 

,. 
-----, 

~I 
> ~ ~~ Ill\ 

height 

""" Srend. Coth, DM.Xf b och Foh """ , , , , C • C 

Two,..-noeba. ~r~ placod in ~ te~t t,*",. TI",), reproduce by 
sp it\in~ themoo""'s in two, a proc~ ,~ that tak~s jive minU\~~ Aft~r 

four hoo'" they have fJIed the test tlJbe. How k:>ng wou kl it take a 
single amoeba ~ the same quootity of water to do the same? 

B 4h5mn C 6h 

, 
, 

If you !\ave finlsl1. d... A father,.ld son I",,,,, ttoo ""me two <ligits in their ~Da., blJ will1 
tl1<' diDits rev,",ed. Nioo y~aro R[jO, tlH' father was twice as okl 
as the SOIl, How ok] are they r.:",P 

[SI",w YOllr wo",ing on the baok 0' yow an~wer ,-.he~t 

<)<) 
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Appendh B Classroom Test of Scientific Reasoning 

~ CAPE nCIiNIKON 

I Frs! name, Surnamn: 

I Coorse code: 

I ~'e 

INSTRUCTIONS 

• This is a leSi of ~oor atlIIiI~ to apply asp"ot~ of sci<ln~ifi= and rnal!'lm1allcal reasoning to 
anal)">,, a situation, rmkc ~ prediction, or solve 3 problOO1. 

• In <Orne questions )'Ou wjI b" asf:cd to soow )'Our wort;. 0' e;.:p!~ln yell' answer, or boIl'l 
Try to ~n. __ a. oornplelel~ 3S ~O\; can in the space$ prollidcd. In ""rnG c" se.; these 
explanations ~rc mom irnportant than yoor actual .ns""",. 

• Use only a PENCil. on yoor ans_ .heet 

• Wh"" th" queot'oo pro'lldes mull~" an"WGa, CIRCLE tM IGtt~r ,..,,1 to tho l>e~t 
answer and expluin ;<IU' selec'.ioo 

Eg' How import. nt do you think Physics 1 is 10 your futur~ car . .. ? 

@ Physios 1 Is essential training for my futur~ care .rl 
B Physics 1 I. not r.aNy important 
C Phy~ics 1 Is ~ w~ste of lime. 

"":t;"';" ik ... =t ~oh~,y;../ tk ;u."' ......... fj- _~ ':F' 'c t~;"'~ 

........., .,.J, b:l;...!j"":t"....., ""-'-- ..... <-k<k~t. ~~~,. __ 

• II you do oot IL1ty CJnderstand w,,"t i$ OO"ll asked in a 400"lion. pease ask the 
invillila~or for olarinoation. 

L __________________________________ ~ 

j ()() 
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1. 

2. 

A­
S 
C 

Please 

we 
the 

more than the ball. 

your selection. 

CVllntllilIf 2, 

A- to a lower level than It did In 1 
B to a level than It did In Cyllnd4M' 1 
C to same level as It did In 1 

Please your seIecIIon. 

CytInder2 
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Answer: 

emllalnl how you arrived at your answer. 

4. c:vIlrtdAr I ttAlIIt!tIlllIIVIln Queation 3 
rise If It \IV8I'8 Into the 

...... .1 .. 10,\ how you arrived at your answer. 

1 
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5. 

Answer: 

Please 

6. 

Answer: 

Please 

you did. 

wanted to out whether the amount 

x y 

10 

10 

has an affect 
you use to find 

has an affect on the time taken for a COI11p4ate 
\olUIIMlltm 5 above would you use to find 

you did. 

z 

5 
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7. in esch of 
tubes In the ~ ~ ~ ~ 

The tubes 8re sealed. HI 
Tubes I and II 8re covered 

II wtIh black III and IV IV 

8renot The tubes are 
in mld-alr as shown 

to red for 
five minutes. on the t t t t t t 
tubes indicate the number of files Red.gIlt 
Inlheuncovered tube. 

shows that flies to move toward 
or 

A 
B 
C 
0 

Please your selection. 

8. similar to 
the one In 7 blue ~ ~ ~ ~ used Instead of red. The 
results 81'9 shown In the 
sketdl. These data show II 

to 

A 
B t t t t t t c 
0 Blue light 

Please your selection. 

1 
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9. 

10. 

Answer. 

Pleaseehow 

AVlf1ll.llrIO\ how you arrived at your answer. 

.............. l how you arrived at your answer. 
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11. The sketd'I shows a box with a 

12. 

buttons numbered 1. 2. 3. and bulb will 
the correct button or correct con'lblfirat#c:1IIl 

UUII:unlii Is at the same time. Your 
nmot.id:orn Ie to work out which button combination 

LIII,n1UIFllil must be to bulb. 

Make a list of all the combinations of buttons 
woukl to out how to make the 

fI .. ~ ... m....... who noticed 

A Yes 

Please 

noticed that 
This made the 
of the flsh and 

Is a relation between the 8Ize of the fish Sld the width 

B No 

your choice. 
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• 

• 
• 

• 
• 00 

• an or 

1. 

8. 

or 

....u •. uvuto 

CnC)OSlme: a 

can nnl1P1-..:!tll,nl1 nnv,,.,r·,, 
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11. I 

1 

1 

1 use 

1 
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B 

C 

E 

B 

C 

E I 

one. 

some 

some 
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E 

F 

a 

B 

c 

E 

110 
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Name: _____________________ ___ 

~~: --------------------
Year: _______ _ Semester: ____ _ 

1. A B C D E 13. A B C D E 

2. A B C D E 14. A B C D E 

3. A B C D E 15. A B C D E 

4. A B C D E 16. A B C D E 

6. A B C D E 17. A B C D E 

I. A B C D E 18. A B C D E 

7. A B C D E 19. A B C D E 

I. A B C D E 20. A B C D E 

8. A B C D E 21. A B C D E 

10. A B C D E 22. A B C D E 

11. A B C D E 23. A B C D E F 

12. A B C D E 24. A B C D E 

25. 

111 
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Appendix 0 

• • 
I 
! • • i 
I 
• • " • II ! 

i ! • • • 
• , , 11 0 0 

f' 
i~ • • 

• • ii • • , , 

-• - • 
0 0 0 0 

f 0 0 0 0 

• • • • • < S 0 
< • • • • • i 0 , , - , 
w w 
" f • • • 0 

I • • • • • > 
~ • 0 0 0 0 

i • 
I • 0 • • , 
I • • • • • • • • • • 
j 

" - " 

Physics expectations survey 
Po!>l-inslructioll respollse sheet 

,. 
" ll. . 
! §~ ' , 
~ei 
- ,-.. :.: ~ !I --<. H' " , 
H: 
"II I " .. ' 
h~~ 
fE E ~ 

• iiH i 
l5 ::~~ 

0 hH 
~ ~ 11 ~ - ,. ~ ... 

0 ,,~ '" q-o 
• !'l' ,- ! • ;:; ;: . 
, , 

--• -- • , , 
0 0 0 0 0 0 

, , 
0 0 0 0 0 0 ~ 
• • • • • • 

, 
" , 

• • • • • • I 
• • , , • -• i 

• - • • - • • 
, 
< , 

0 0 0 0 0 0 0 
, -

• • 0 0 0 • • i~ H-
• • • • • • • c .. 
• • • • • • • 01 0. 

• • - • " 
, , i 

.. J 

I t z 
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Appendix t:: 

• .l 

• o 

• ~ 
• <> • " 0 
0 
~ 
0 

" 

I 
~ 

i 
• 
t 
i • • • • 

l\1otion maps 

I 1 • 

f • -• • , 
.a • • • • § • l • • • , 
" • • " 1 , 
! ~ 
• • 

llJ 
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Appendix E Motion map., 

fT 
I • « • , 

!. ~ 

~Ji 
, 
l • rc--r ... , 

? 
i' I • • , , 

! , 
1 t 

, ,. 
l ~, 

~ 51! 

I 
o· 

I " 0 " .-
! ;;0 

I 0 " > " " , 0 -~ ~ > 
0 , o 0 

I~ ) , ~~ .• f§ :1 " • , "'- '" , ," 
] 

, 1 
c ~1 , 

.~ • E~ .0 \of ' ~ ~~ ~ 

11 " • o· 
~ " H m ~ 
" 

t" 
~, 

"'= 
c ' (; 

:§''j: 

0 ' , ., " " ! .. .. "c. 
0 ! 'li 

" ! ~ , 
"' 

, 

L_. 
I 1·1 
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Appendix E 

, 

••• '-. 

t " 
• 

l' 
I 
1 ' . 

:\iotioll lIIaps 

• 
• 

• • 
o 0 

, 

\ J 5 
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,----- - - ._------ - --

• > 
...- ... 0--. • ~ -.---0----------.... .. .. -----------+ "' ...... .-4. 0 . , 

,~ ~ 
.~ "5 11 :i: 
~bj·''; 
~D~ I ~l 
., ""0 h' • • 
I.,,,~ 0 0 

~'r'! ~ "'~~ • • m!}i • • • • - 0 0 t 
.0 itH i • • 
N • • 0 • t -f • 0'" • r iU: • • 0-

~ 
, • 1 

" ]l ,. ,H : otI • • • • ~ 
, , 

" tp"~. ~ • i , • • 8 ~ • , • c "ti~ -i! • , 
~ 0 , 

~ ~ 
D 

~ c 1 :·,; 1 g 0 ~ • " S - • • 0 

" 

I J 6 
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1. was 

on 

onmem()ry 

11. ... v ... 'u ............. ..... 

1 

1 to out 

1 course. 

matter en1thuslastu;alJI} 

a sense 

117 
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31. 

UUlUUI.U.U, ....... a reaSOllaD 

were PT1""",," 

were "' .... ,"' ...... 

stu411en,ts master 

B 

a 

c 

matter. 

E 

118 

at a 

a 
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Appcndix F End-or-course evaluation questionnaire 



University of Cape Town

ThtI~ ••• 

1. were atIIInded by me. A 8 C D E ThtI 
2. IIIIIped me Yo betIIIr Ulldllllalid the PI¥III:s material. A 8 C D E 

10. prori:Ied II1I'I ~bIe dIiIiknge. A 8 C D E 
3. helped me com_the Weekly Problem SetI. A 8 C D E 

11. ~ me Yo '** mere deeply about PhyticI. A 8 C D E 
4. proykled mewilh 1111 OIIIIOIIunItYYo WOII!. CM'I Phyla A 8 C D E 12. c:anllllliled 1nIeniIlIng. rellIMIII'It quII8IIIons. A 8 C D E 

Othercomm~: 
13. llftIIIIoted eIfecINe groupworIt. A 8 C D E 

14. !wiped Yo ImPl"OY8 mylillllt markt. A B C D E 

15. cauMd me IIII'IIJIII'1I8IIOnII amount of I11'II8I. A 8 C D E 

Othercomm~: PTO 

ThtI 

16. wall avaIIIbIe for 0IIIIIIU1tation ell"88IOI'I8ble tImeII. A B C D E 

11. had II good grasp of the aubjed maB'!al. A 8 C D E 

5. were puncIuaI and praaent aI all tImee. A B C D E 18. explained tIIlngI dearly. A B C D E 

6. had II good 9'8IP dthe aubjId maIIIJI1aI. A B C D E 19. momlngl wtIIch was A B C D E 
1. lIl!pIaIned IhIngIIIJ clearly. A B C D E 

prori:Ied CGmICt "WIIII'I to tutorial qullllam:. A B C D E A 8 C D E 8. 
together. 

9. DIaYed IIII'Ilmoorlant role In improving my A B C D E 21. showed Intereat In III1udenIIl and their ac:ademlc A B C D E 
~. 

Othltcom~: 22. DIIft!Id 1111 A B C D E 

Other commanllllllUggeIIIons: PrO 
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Appeudix C 

...... oj .... 

" " " " " " 
UuUUO U ............ 

Weekly Problem Slot qUI'sti()lluairc 

i ,~ 
I . 
! j 
~ 

_ _ __ ._ • • .••• . _ ___ 1 

I~I 
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Appendix 1-1 Class test 1, 2003 

",,",STER 1200< 

~ CAH nCHNIKON 

Question 1 

• Ctloose that answer which in )'J"'- opirlhl is the C()rrect or !>est answer aM mlIrI< the 
~ppropri~te block 00 he ,,"~_r sheel pro~ ,",d 

• If Y(}U are s"'" 0( )'JLK answer, mlIrK also tho block cootan;ng the q""stOon mark 
• 1f)'OlJ make a Ctos. n the box coot"'""'" the worn NAME you wi1 be aw...,Jed 4 i:>:;>nu$ rrn1; •. 
• Use onty ~ PENGl- OIl YOLK ""SWer oheel 
• In too "".0 of a wrong ",,'!Wer era.se tho pen'iI marK C()~I .tely, 

A 0.09 m' 13 D,3 m' C 0,9 m' o 9xtO'mm' 

The bearit'IQ of 'fflc;or X il the adjacerll rough 'Ketch i. 

A 30' B CO· 

C 120' o 210' 

1.3 The re.uitantoftwo di,pf""ement veet""', 4 Km SW a.nd 5 km SEC, is 

A nm.S B 3 Km, 1J4' C 6.~ km, 174' 

Que>t",," t A ond t.5 refer to an _te ...t1o rUm 
cW:wise around a cirGuiartrnok ;o,ith a r3c>U, of 70 m, 
Starling in Ihe wesl, he lakes a minute 10 reach Ihe WU:h 

A 1,2 B t,7 C M 

1 ,~ Hi. avcmg" v. Kx:ity for the thr •• -qU>lrt..- cirtOu;t is 

A 1,7 .... s.SE 
B 1,7 .... s,~ 
G 5,5 .... s. SE 
D 5.5 .... s,~ 

o 6,4 ken. 166' 

o 7,3 

1.6 T WQ farce, oj 6 N and B N, with an angl . Qf 120' b. lween th . m, "cl "" the Same 
point. Too magnitClde of tne< r resultant is 

A less than 10 N 
B 10 N 
C oo_",, 10~..nd' 4 N 
D 14 N 

122 
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AppendixH Class test 1, 2003 

1.7 The motion of an object In a 
straight line 18 Hlustr8ted on 
the adjacent velocity-time 
graph. 

The magnitude of Its awrage 
velocity over the 5 8 Intarvalls 

A Omls B O,2m1s 

"l::Io 2-1. r.---+--r.--'I---r- --f-i: I, I 
... 1: I. I 

.... 1+---+----- -- I : -+-+ t ' '- , . 'I 0 1 2; : : time [-I 

" 6 
-1i----t-' ---4-_';"'--9--+---;-­

15 
I i , , , 

, , 
-2 ---.---+--o__---+--i-

, , 
,--0-

C 0,5m1s D 1,4 mls 

7x4=1281 

Question 2 

2.1 A pilot wishes to fly 100 Ion due south. There Is an aasteriy crosswind 
blowing at 65 krnIh. Calculate: 

2.1.1 the dllection In which the pilot must fly If the plane's nol1Tl8l air speed Is 
500 krnIh; (5) 

2.1.2 how long the flight willtake. (5) [10] 

2.2 A man travels 10 km north at 30 kmIh before tumlng and travailing 10 Ion 
south at 40 krnIh. Calculate: 

2.2.1 his average speed for the whole trip; 

2.2.2 his average velocity for the whole trip; 

2.3 A car slows down uniformly from 70 kmIh to 30 kmIh In 12 B. Calculate 

(n 
(2) {9] 

the distance it travals during this Interval. (8] 

2.4 Two trolleys are 4 m apart on Ci:l 
a long Indlnad plana at time ~ dL_ 
t lOll 0, U shown. - ,,:..--
Trolley A Is moving down the ~ __ m 

slope at II constant speed of 3 mls. while troHey B Is just starting from 
rest. accelerating at 2 m/s2

• Determine how far trolley B travels before It 
catches up with trolley A. (10] 

lm 

123 
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Appendix I Class test 2, 2003 

'"J>''' SEMESTER 1200' 

~ CAP[ TICI!NIKON ~.II,1l1~lIIIIIm.~i 
Question 1 

• Choose th<it M"",or w~h in )'O'r op..,ooo is tha co~ or bast Msw~' and mark too 
apfroPfiala block on too answer sh_ providGd, 

• If you ar~ sure 0( ya.ur oos'......-, mark also t~ block ~wtalnitlQlr.e qu~stOoo mark 
• US~ 0fIIy ~ PENCIL 01 yow ooSwer SOOGt_ 

• In "'" case Q( a wroog answ..- "",sa tr.e pe<lcil mark Gumj' Gt .. y_ 

U If tho y<ol ocity 01 a mutor car is halY"d. whk;h uI the luIIowitlQ wi l also be holved? , ioortia , ~,~ 0 aocGlaration , k",,:1e Mer~y 

U A !foley with a mass 0/ 2 Kg mov,," alOl>J a lrictioole"" ""'i;runtal ",n"te ut ~ 
spMd of e.G m.'. _ "slutionary 4 kg objoct i. dl'l:lppeJ wlil the moving trdlGY. Too 
tro l G)Cs new sPGoo i. , U,' m.'s , 0,2 mis C 0,3 mls , 0,4 mls 

\,3 Twu trulley. , masses ~ kg "rid 2 kQ, ~m joined by ~ c.bbcr band ~nd hdoO apart as 
ShClWrl, F, arld F, r9p"""'<1t th9 r~~pectiv" torC9" exertoo hy tho> rubber band w 
e"ch lrolley, v.tlIle ft, and a, '''r--e"cnt !h~ 'c"pcdivc accclc",~lons cllhc Ird c)"S 
when they a", r9l~a"oo Which oj th~ loIIowllg i. correct re;;,arditlQ the rela~ V" 
magnitcdes of rh~ lorce" ax the at""leralOoos? , F,,. F, artd a,"''' " " , F,<F,artda,<a, 

_ e, e, • l;;;j. • rJ-,itl C F,~F,anda,<., , F, - F,anda, ~ a, 

" 
Two tor",," cl 5 N Gach act at too sa"", po ..... , Th~ magnitukl uf th~lr resu~at1! Is 
~ N, Which uf th9 ful<:>Mng sta~"rretols Is true? , The angle betw" "" Ih~ focC/!s Is 60'_ , The "rge bGtwcoo lhe f""",s I. 120' _ 
0 The f"""'5 "'" opposil~ In dlr<><.1ior\_ , The forces "rG pcrpendleulur tu ~"th othC<'_ 

" T~ sketch shows" p«:1Ufe hor>;lllo un a rIll" Fur t~ ien"ion :n 

8 the hUrlg"" v.4re to "'l'Jai:he wetght 0/ thG pic~jrc, II s""'~d be , ~. , ". 
C 00' , 00· 
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Appendh-. J CI:ISS lesf 2, 200.1 

1.6 EIICI, c:( the ..... ""I~ d"-..:Iwn Ii fjiod lQ 

,., 

• depth h "'f1" Iquid '" <l&nslt~ p, 
The da,,,,,ward foroe of tho Iq"k:I on 
th~ ba"9 

" il (JI"eal:cst in ""' .... X 
B i. greale>l In ""so&l Y 
C i. (JI"calc" ill """,,, Z 
D iI; tOO _ ... in al I~ ....... _encl, 

A loam blocll is 5 mm h"'l~ n no.ts on ''''''er..,,;u,'' 
..... "IIhI of 1 mm, ti ohMn. 
n-..,..,t.wc ~ d \he room II 
A 0,1 

C O.~ 

B 0,2 

D 0,8 

QUlIstion 2 

2 I A 170 I<g crate i. dr~ 20 '" IKI"OS' a 10\101 
fl"",.t. <"""tant sp<>ed <I' 0.,5 m,'s by mean. 
of a '''fl''. A "",,>ta,rliorce Of 283 N Ii _!'PI"'" to too "'PI, wtich makes .,., In~1e Of 
4~' with the horizor"'" CIoleulato:: 

~.1. ' lh" Mdiooal ftlrr.<t on tI'9 WIlle: 
?1.l tho:: work aonc on !he CJaI!e In moomg ~ 20 m: 
2.1.3 thft~ofl""rumaI~on"'(laltl, 

'1.1 A 11M roeIIiClent of IIinetIC Iridion for :hoolO,Jiaocs ;,wI'o't'<I 

2 1.5 how long 11a~ 10 .... ~ \1'0 a1Ite :!O In: 

C'> 
(4) 

C·) 
C" 
(2) 

2. 1.6 me 101"00 required on the rop& tG \,eep tl>e V.le ma>1ng at O,2~ "..J. M 
tnc fOPO now mak .... n a~ote or CO'1iy:J.O' "";th ~~ horIzantal (5) t?~1 

Df,termi"" the ".....nit""" and 
~'"tior' cJ tne >i'>g"' ~e 
rBquired to bol."". 
trc planl< intOo 
1Id),.001l1 sketch. 

'''''~ ,"N 

" ,,, '-'1,0",--

_',1m ' ",,, ... --;. 

2.3 A temis ball wtlh a diameler d 70 ,nm.1'd an .......,.g n'II:01;..e dons.ily of 
0,28 _ ,n wale, CIIk:uIWt 

2.3.1 thft rna .. 01' the boI~ (0) 

:>.3.2 thl! mass oI'watel dle ball .r"",laoes. (:» 

,., 

2.]] ...., '.<au..., 01 wO;:f tt.c balt (l11Piac<:1. (2) [101 

12~ 



Univ
ers

ity
of

Cap
e Tow

n

Appendix J Final examination, 2003 

, 
SUBJeCT: ;/ PHYSICS 1 
VAl<: :~ FISIKA. 1 

I&;:~:~: f-~-'-

I • . i !:11§~1X _cooe-IKOOE~1LC 
-",,-... --"' l1'IC/n'O' .'1 0900-1200 
~ATSCI"lvIt' ~l 031OG12003 

~ CAPE TECHNIKON 

FACULTY: APPLIED SCIENCES 
FAKULTEIT: TOEGEPASTE WETENSKAPPE 

COURSE: KURSUS: 
NO "" ..... YTK;AI. CfEMm RY ~O NIALl n=,;£ [:HE''''' 
"" CHC,""CAl EHGJ>ELRING ~O Cf'EMESE INGENIElJRS ..... fSf 
NO fOO[] TECH"lOl.OGY ~D Y(}£DSEl rFGNOI.COF 
NO BIOMEDICAl. reCI ",UlOOY NO BlOOE~ESE TEG'IO!.OG!E 
NO OCb'lNOGRAJ'1 fY ND QSEANQ<>RN'E 

-
EXAMINERIEKSAMINATOR: G LEIGH 

MODERATORS: M SMITH i V ElLlOn 

INSTRUCTIONS: INSTRUKSIES: , ,\'''''''' "'-lO", ,,'.""01>«1<. , _ALE",,". , Fcjlm ..... , _ >10, " ............. .-0-=_1 , V"p.r<o _ 210, I"'"". Dc" "'~ • "'''_I , Number ""'" . """,cf-c-n " . 0,," Q"O<OOn 
, N","",", 0li<o __ V¥1 ... "'.og 

je .,. .. ," '''''''y ~c,oodd._ , C<>rroUt tr~ ~"O t>ook'o< _ . _ • ..,. , R..,..' ..... _~_, .. w_""""'_ 
00 NOT MARK TfE OCXJ:o(lET "' ANY "'''FT NIE EN>:;E f.OERKE OF' ItERO<F ilCEKIE 
WA¥_Af..{l R.HFN IT ",S O E YOUR f.OMK tilE -- EN I1.4H(lIG [liT RI""E V 
SCRJ'T, AN-,.,'OORDSTElIN , c..b.Q"", mOl Dc u. eO. bu1 ta.o core "JOt , Sai<rel<. ""''' ""'Il g<~ruik ""rd, ""'" m,.,' 
'" 0"", """""'" : .... if om 'fOC" ~,'"w"" 0<'''' :101 '"ar "'" on\.l< beI"''''''''_ "" 1"-' """"""",. ~'...,.~" ""'. " .. ---,--

I 
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Appendix J Final examination, 2003 

PHB113CIPHB11LC page 10f8 

QuesUon1 

• Choose that answer which In your opinion Is the cooed or best answer and f1'18I1( the 
appropriate block on the answer sheet provided. 

• If you ara sure of your answer, mark also the block containing the question mark. 
• Use only a PENCIL on your answer sheet. 
• In the case of a wrong answer erase the pard mark completely. 

1.1 Which of the following Is equivalent to a litre? 

A 0,001 m3 C 0,1 m3 D 1 dm 

1.2 In which of the following pairs ara both physical quantlti68 vectors? 

A mass and momantum 
B mass and acceleration 
C acceteratlon and momantum 
D kinetic energy and momentum 

1.3 The magnitude of the resultant force In the 
adjacent diagram Is 

A ON 
B 10N 
C greater than 10 N 
D smaller than 10 Nt but graater than 0 N 

/",10 N 

~30" iON 
iON ... 

10N 

1.4 An athlete runs thrae quarters of the way around a' circular track in one minute. 
The track has a radius of 70 m. The magnitude of his average velocity. In mis, Is 

A 1.2 B 1,7 C 3,5 D 5,5 

t t 

1.6 A 3 kg ball strik68 a wall at 6 mls and bounces straight back at 4 mls. 
The change In momentum, In kg.mls, Is 

A -6 B 6 C 12 D 30 
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1.7 

1.8 

1.9 

1.10 

PHB113C1 PHB11LC psge20fB 

A car moves along a horizontal road to the right at a constant velocity of 80 kmIh. 
Which of the following diagrams best represents the foroes acting on the car'? 

B 

T\\'O Iron spheres of mess 1 kg and 2 kg reapectIwIy ar8 dropped simultaneously 
from a building In the abHnca of air fridion. When theYar8 each 1 m above the 
ground, they have the same 

A inertia 
B momentum 
C acceleration 
o potential energy relative to the ground 

The graph shows the relationship between the acceleration a of a given I"nIIISS and 
the force f used to produca that acceleration In a frlctJonless system. The 
gradient of the graph represents 

A mass 
B displacement 
C average velocity 
o final velocity 

The equllibrant of t\\'O forces acting at the same PQlnt on a body 

A prevents the body from moving 
B Is exactly the same as the l'8Sultant 
C hu the opposite effect to the t\\'O foroes together 
o Is that single force which has the same effect u the other t.vo forces together 

1.11 A picture with a weight W Is hung on a nail on a wall 
by means of a c::on:I at the bICk d the picture, as 
shown. 

A W B W 
2.8In15° 
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1.12 A 4 N block Is suspended by a 
string from one end of a stick. If the c& 1 stick Is balanced by a support one 
quarter of Its length away from the 
block, 1he stick's weight Is 

A 1 N B 2N C 4N 

1.13 The upthrust on a body Imrnensed In a fluid Is equal to the 

A mass of fluid displaced 

1.14 

B weight of fluid displaced 
C wlume of fluid displaced 
o density of fluid displaced 

A cube of wood has a side of 5 em. It floats In water 
with 1 em ltin showing above the 8Wface. as shown. 
The relative density of the wood Is 

A 0.2 

C 0,8 

B 0,4 

o 1.2 

page3d8 

o 8N 

--t====P~ 
LJ4Cffl 

1.15 A block of wood measures 20 em by 5 em by 3 em. Each cubic centimetre of the 
wood has a mass of 0,85 g. The density of the wood Is therefore 

A ~ glerns B (0,85 )( 300) glern3 C 0,85 glems 0 850 glern3 

1.16 The phase equilibrium HAL) ~ HAg) will be ruched In a closed container 

A at the triple point of water 
B as soon as the water begins to boll 
C once the rates of evaporation 8'ld condensation are equal 
o when the saturated vapour pressure equals the external pressum 

1.17 During melting, lead experiences NO change In 

A phase 
B YOIume 
C temperatura 
o the internal energy of Its particles 

1.18 A change of x C· Is exactly the same as a change of 

A (273.15+x)K B (273.16+x)K C (x-273)K 
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1.19 Water at O"C 

A wi" freeze by Itself 
B is less dense than Ice at O'"C 
C needs extra energy In order to freeze 
D contains more energy 1han the same mass of Ice at O"C 

1.20 Which one of the folowing sketch graphs best represents Boyle's law? 

1.21 Steam does not obey Boyle's law because 

A it is too hot 
B It Is actually a liquid 
C It is a vapour. not a gu 
D It does not have a fixed mass 

".40(8 

1.22 Which of the following temperature Increases would cause the pressure of an 
enclosed gas to double? 

A O"C to 100·C 
B 6O"C to 100"C 
C 323Kto373K 
D 320Kto640K • 

1.23 A balloon Is Inflated with air end then subjected 
to \I8JI'Iou$ temperatures and pressures. 
The adjacent graph of the product p. V plotted 
against the product R. T (In standard 81 units) 
lIus1rates the results. 

The number of moles of air In the balloon Is 

B 1,5 C 4 D 6 

1.24 When two charges are 1 m apert. the electrostatic force between them Is F 
MiWtons. If the charges are moved 80 that they are now 2 m apart, the 
electrostatic force between them becomes 

A~ B~ C~ D~ 
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1.26 An eledric light bulb Is labelled 12 V; 2 A. When operating correctly 

A lis resistance Is 24 Q 
B the power of the bulb Is 6 W 
C It should draw more than 6 A 
D It consumes 120 J of energy every 5 seconds 

1.21 If 1 J of vvoi'k Is done In moving a charge of 1 C from point X to point Y In an 
electric field, 

A the current betYIEIen X and Y Is 1 A 
B the resistance bebNeen X and Y Is 1 Q 
C the potential dlffel'8t"lCe between X and Y Is 1 V 
D the magnitude of the force exerted on the charge Is 1 N 

1.28 The kW.h Is a unit of 

ptgfI5of8 

A energy B power C time D electricity 

1.29 The resistances of the battery and ammeter In the given 
circuit are negligible. When switch S Is closed, the 
reading on the ammeter 

A drops to zero 
B Is halved 
C Isdoubled 
D IrIcI8ases slightly 

[j;-¢ 
c;:;J 

1.30 A 60 W bulb and a 100 W bulb are connected In series to the mains. Which 
stalement Is correct regarding the brfghtness of the bulbs? 

A The 60 W bulb bums brighter. 
B The 100 W bulb bums brighter. 
C Both bulbs bum equally brightly. 
D The bulb connecled first In the circuit bums brighter. 

30 x 3 =1901 
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Question 2 

2.1 A truck'i speed IncteaSel uniformly from 4 mil to 16 mil In 20 s. 
calculate: 

2.1.1 the magnitude of the truc::k's acceleration; 

2.1.2 the dl8tanoe bavelled by the truck during the 20 s; 

2.1.3 the truck's average speed during the 20 I. 

2.2 In the same Inltant that a PonJc::he races put him at 129.6 kmIh. a speed 
cop sets off on his motorcycle, accelerating unll'orrnly at 8 mls2, to catch 
the speedster. Mer 5 s the traffic officer ruches his top speed, which 
he then maintains until he catches up to the car. 

".6018 

(4) 

(4) 
(2) [10] 

2.2.1 calculate the motorbike's top speed. (4) 

2.2.2 Draw the complete PhysIcI diagram of the IItuatIon which you would 
use to determine how long It takes (after the car passes him) before the 
traffic officer catches up to the car. Your diagram should Include all the 
relevant variables which you know, 8$ we' 8$ those which you would 
need to determine In order to find your answer. (7) (11] 

2.3 A 9 kg mass hangs suspended 
between two IUPPOrts alshown. 

2.3.1 State the Triangle rule for forces 
In equilibrium. (3) 

2.3.2 calculate the tension, T. In the 
right hand atrIng. 

QuestionS 

3.1 

3.1.1 

3.1.2 

A box slides down a slope which 
makes an angle of 31" with the 
horizontal, as shown in the sketch. 
When It Is 2 m from the bottom It Is 
travelling at 1 mls. The coefI'IcIent of 
friction Involved Is 0,5. 

Show that the box Is accelerating at 2 mls2
• 

calculate how long the box takes to slide the last 2 m. 
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3.2 The 2 m-Iong rigid bar In the 
sketch has a mass of 30 kg. 
It Is being pulled upw'8Jtis at one 
end by a 50 N force. Calculate: 

3.2.1 the sum of the moments about X; 

x 
+c--2m---100 

3.2.2 the position and magnitude of the force required to keep the bar In 
equilibrium. 

page 7d8 

(5) 

(5) [10] 

3.3 A 20 g gold ring hangs from a spring balance. What Is the reading on the 
spring balance when the ling Is completely submerged In water? [5] 

Question 4 

4.1 A steel ptate at &II temperature of 2O·C Is 3,005 mm thick. To what 
t~re must It be cooled for It to fit Into a slot which Is exactly 3 mm 

[@ 

wide? [5] 

4.2 State three factors which wlil/naease the rate of evaporation of &II Uquld. [6] 

4.3 Calculate the quantity of heat conducted through 10 m2 of a 24 c::m-thick 
brick wallin 30 minutes. The Inside temperature of the wallis 30°0; the 
outside Is at 10"0. [4] 

4.4 A copper calorimeter with a heat capacity of 70 JIK contains 50 mI of 
water and 30 g of Ice at D·C. steam at 100·0 Is bubbled through the 
water until the final temperature of the caIol'imeter and Its contents Is 
25"C. Calculate the mass of steam which condenses. [6] 

4.5 Use the equation p.V'" n.R.T ·to calculate the molar volume of oxygen 
at~ , ~ 

~ 
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QuestionS 

5.1 All 81edron and a proton enter 
the electrlc field between two 
oppositely charged parallel platel 
with the same Initial velocity, 
parallel to the plates _ shown. 

page8d8 

.-
~-------

5.1.1 Define -electric field". (2) 

5.1.2 Redraw the diagram and sketch In the pa4hs the two particles will follow. (4) {O] 

5.2 The 9 V battery In the adjacent 
circuit has negllgllle Irftmal 
resistance. Ammeter A1 reads 
0.5 A. Calculate: 

5.2.1 the potential difference across the 
bulb; 

5.2.2 the reading on: 
(a) the voltmeter; 
(b) ammeter A,.; 

5.2.3 the resistance of Z; 

5.2.4 the power of the bulb. 

(4) 

5.3 While buying a kettle. you have to choose between two models. Kettle X 
Is rated at 2 kW. while kettle Y Is rated at 3 kW. The kettle you buy wlU 
be plugged Jnto the 220 V mains and used to bring 1 071 ml of water at 
2O"C to the 0011. The electricity talfff Is c::urrently 35c a kW.h. Assuming 
that each kettle Is 100% efIIcIant. oompam the two kettles In terms of .•• 

5.3.1 the cost of boiling the water; 
5.3.2 the time taken to 001 the water. 
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