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.ABSTBACT 

When it w.as noticed that students at the grade 10 

and 11 level were experiencing difficulty in coping 

with portions of the PSSC course of study, extra experi· 

ments were designed to eliminate some of the contusion 

and apathy atfecting students. These "extra·labs" were 

developed over a three year period and given to students 

in the PSSC course at Beaconsfield High School in 

Beaeonsfield, Quebee. The extra material eonsisted of 

experimente and demonstrations on the same topics as 

the regular experimenta, but were on a more praetical 

level. 

The reactions of students who were exposed to 

this enriehed programme were evaluated by the author-­

the teaeher involved. 

consistent student enrollment, student reaction, 

resulta of questionnaires, and general observation all 

suggest the programme was a success. 
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RESUME 

Après avoir remarqué que les étudiants de lOième 

et llième anneé avaient experimenté des difficultés 

ii 

avec portions du cours PSSC, des expériences additionnelles 

ont été élaboreés pour éliminer quelques confusions et 

apathies qui affectaient les étudiants. Ces expériences 

additionnelles ont été développés pendant une période 

de trois ans et donneés aux étudiants du cours de PSSC 

à l'Ecole Secondaire de Beaconsfield à Beaconsfield, 

Québec. ceux-ci consistaient en des expériences et 

démonstrations plus practique. 

Les réactions des étudiants exposés à ce programme 

enrichi ont été evalueés par 1 'a.uteur (professeur en 

charge). 

La consistance des étudiants, leurs reactions, 

les résultats des questionnaires, et l'observation 

générale, tout ce qui fut suggeré dans ce programme 

a été un succès. 
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INTRODUCTION 

Educators are concerned with how best to build and alter 

mental'structures. Their goal is to maximize the flexibility 

of students• minds wh1ch have been exposed to a prescribed 

learning situation. 

In the field of high school physics, educators have tra­

dittonally taught with the aid of laboratory situations and 

demonstrations in an effort to promote the understanding and 

conceptualization of abstract physical ·relationships. This ex~ 

perimental approach has been necessitated by recognition of the 

fact that much of what is taught in a high school physics 

course requires the use of abstract thinking, a process best 

developed in the student by having him interact with materials, 

fellow students, data and theory in the process of performing 

an experiment. 

It 1s the contention of this paper that valuable learning 

experience can best be ga1neà, however, if the laboratory situ­

ations themselves sat1sfy certain criteria. 

Whereas eàucat1onal theorists generally agree on the pattern 

of the learning process, one which progresses from basic notion 

to concrete experience to d1scovery and then abstractions, it is 

possible that many educators have ln actual practice overlooked 

this very necessary pattern. It is generally accepted that the 

pattern works only when the learner progresses through each step 
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personallz, when the experience and the discovery are his own, 

when the motivation toward each next step comes from within, 

rather than is imposed from without. He must not only be willing 

and able to learn, but eager to learn as well. Without this 

"energized will" to learn no proper learning can take place. 

Inherent in the development of this energized will is the 

necessity first to capture the interest and imagination of the 

student. Since laboratory situations play such a dominant role 

in the teaching of physics, as well they should, it is of the 

utmost importance that they succeed in motivating the student to 

learn. It is my thesis that if concepts presented by a teacher 

or the orientation of a laboratory experience are to excite the 

average high school student and motivate him to learn, they must 

first prove their applicability and relevancy to the real world, 

academie and concrete. MY premise is that any student going to 

school expects either consciously or unconsciously to be able 

to put to use any body of knowledge to which he is exposed in 

order to help him solve, quantitatively or qualitatively, his 

life's problems. He expects this no less of phys1cs than of any 

other subject. It is at this juncture that the orientation of 

the phys1cs laboratory exper1ment and the lecturer play a cru­

cial role. A good teacher, as well as a good laboratory situation, 

should informally communicate the ultimate overriding importance 

of what is being presented. A good laboratory exercise, or a 

good teacher, should never cause the question to be raised in 

the student's mind, "What is the use of all this?". However, 



many present laboratory experiments--including some designed 

in the PSsc1 programme with which we are to deal--do in fact 

fail to arouse in the student any sense of personal involve­

ment. These experimenta appear to stop short of enlisting 

the student•s subliminal element of interest by not showing 

their 1nvestigation•s applicability in reality. They leave 

their investigation isolated at the point where it shows 

its meaning in physics only, and not in the larger life 

context. This 1s detrimental to any real learning process. 

This paper will describe some modifications to the PSSC 

laboratory experimenta as they now exists the philosophy 

behind the changes, and the students• reaction to them. 

These changes destroy ne1ther the content nor the structure 

of the present progrs.mme, but rather make the programme real 

and pertinent to the student, a necessary final step if the 

student•s education in high school physics 1s to be assured. 

1 
Heber-Schaim, U., et al, PSSC PHYSICS, .)rd Ed., 

Lexington, Mass., Heath and co., 1971. 
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BEACONSFIELD HIGH SCHOOL 
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The setting for the research on this monograph has been 

Beaconsfield High School, a large suburben high school in the 

Lakeshore School Board si tuated in Montreal Islsru!' s west end. 

PSSC physics, a lab oriented physics course, was intro­

duced there in the fall of 1971 at the requeat of the princi­

pal who apparently responded to community pressure. At that 

time Beaconsfield High was the second of five high schools in 

the board to adopt PSSC, Chem Study, BSCS, and IPS programmes1 • 

Students of this suburban school are predominantly university 

oriented, are the sons and daughters of professional, manage­

ment, and companr-owner parents, and because this board has 

had the money and personnel to handle a variety of programmes, 

they have had the exposure to various innovative programmes 

which frequently appear on the educational scene. 

Physics enrollment has been consistently high in th1s 

school of 1600 students since 1970. Typically the school 

offers a choice of four different physics courses in which 

1 
These are all laboratory oriented science study 

programmes. 

PSSC- Physical Science Study Committee, using Haber-Behaim, U., 
et al, PSSC PHYSICS, Jrd Ed. 
Chem Study- Chemistry Study, using o•connor, J.w., et al, 
CHEMISTRY EXPEBIMENTS AND PBINCIPLES. 
BSCS- Blologlêâi Sciences curricü!um study, using Welch, c.A., 
Superviser, et al, BIOLOGICAL SCIENCE-MOLECULES TO MAN. 
IPS- Introduotory Physical Science, using IPS Group, 
INTRODUCTORY PHYSICAL SCIENCE. 
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they may enroll. This scheme has resulted in five "reguler" 

classes, and flve PSSC classes. Of the average enrollment of 

350 students ln the grade 11 graduatlng class, roughly 250--

or 70%--wlll have taken a physlcs course. This may be compared 

to West Hill High School ln Montreal where the economie back­

ground of the student population 1s ln large portion not 

unllke that of the population ln Beaconsfleld, but which also 

draws its students from homes whose parents form the work 

force in the lower middle class sphere, where 45~50% of the 

graduates will have had a course in physics. At the sa.me time, 

according to data gathered by the Quebec Department of 

Measurement and Evaluation on High School Leavlng Examinatlons, 

the schools ln the western suburban area and specifically 

Beaconsfield High regula.rly achieve among the highest a.verage 

marks on the Provincial Leaving Examinatlons. (Attempts at 

providing ressons for this high physics enrollment end for the 

conslstently superior grades achleved in provincial examina­

tions will be made further on.) 

There 1s no overt attempt to select students for physics 

courses. Whenever possible, students in grades 9 and 10 who 

are considering taking physics are asked to examine their 

academie record realistically to ensure that they are will­

ing to carry on, and are capable of doing so, in an academie 

stream. Similar counselling is given students when they regis­

ter for other elective courses. It is always 1nterest1ng to 

note that whenever students are asked in counselllng sessions 
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what 1t 1s they th1nk physics is all about, they are very 

vague; consequently a good pert of the counselling consista of 

explaining to students what a physics course attempts to 

accomplish. It is obvious to those who counsel that "phys1cs" 

is a very nebulous thing to them, unlike "biology" or 

"chemistry". Yet at the same time they do appear to have 

certain expectations of the programme, as we shall see later 

upon looking a.t the student questionnaires. 

In an effort to give students maximum flexibility of 

choice in their selection of an a.ppropriate programme toward 

the1r selected goals, certain cross-over combinations are 

a.llowed between the four courses offered. Experience has shown, 

however, that although this option exista, it is rarely chosen. 

Seemingly students are sure of their choice, and clear as to 

the signif1cance of their option. The course option is 

presented and explained to the students with the aid of the 

following flow chart: 
1 

Grade 10 Grade 11 CEGEP 

PSSC 452 .. REGULAR 512 

REGULAR 512 

REGULAR 512 

REGULAR 512 PSSC 522 

PSSC 522 

PSSC 552 

1 
CEGEP- Collège d'Enseignements Générale et Professionnelle: 

Quebec•s junior colleges. 
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In Quebec, the Physics 512 course is the traditional 

physics course dealing with heat, mechanics, light, electricity, 

and modern physics, and was, prior to 1971, the only physics 

course a.vailable at Beaconsfield High. It 1s a one year course 

and may be taken ei ther in grade 10 or 11. Al though 1 t ma.y be 

taken in either school year, in fact no grade 10 students at 

Beaconsfield have elected to take the 512 course, with the 

exception of one or two who have joined the grade 11 512 

classes. The PSSC programme offers two routes to the student: 

one is the PSSC 522 course which sets a rigorous pace and 

covers all the material in one year--necessarily grade 11. The 

second route available is PSSC 452 and 552, the two-year grade 

10 end 11 course, which allows more "breathing space" between 

!essons, thus slowing the pace of the course to span two years, 

but which covers the seme material as the 522 course. In this 

second option wave motion and motion are taught in grade 10, 

and energy, electrici ty and magnetism, and modern physics in 

grade 11. 

The programme was set up in this manner because it was 

believed that the community demanded a flexible and soph1st1-

cated programme g1v1ng maximum choice to the students, espe­

c1ally in view of the fact that this population 1s very mobile, 

with many transfera occurring into and out of the school 

during the school year. The large choice of options was made 

possible because the school has been on modular scheduling 

since 1967. The modular timetable has freed teachers and 

students at odd times, allowing small groups to get together 
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for varying lengths of time. One result of this has been that 

laboratory periode in some cases are a whole morning in dura­

tien. 

Students are advised that if they plan to take science 

at the post-secondary level they should enroll in either the 

522 or the 452·552 programmes, since the PSSC courses are 

recommended by the CEGEP'•· Those students graduating w1th 

just the Regular 512 course are obliged to take a •make-up" 

course in CEGEP before enrolling in CEGEP level physics courses. 

Beaconsfield High was expanded in the early 1960•s as a 

comprehensive high school, offering the full range of technical­

vocational subjects. However, the tenor of the community or of 

the student body must have been misjudged from the outset 

since the sheet metal section was abandoned at the start. 

Subsequently the electricity and house w1ring sections were 

closed due to lack of student interest. A yee.r later electronics, 

w1th its fully equipped laboratory, was closed and the equip­

ment sent to a CEGEP. The small motors lab today is the ceramics 

shop. Auto mechan1cs is on the decline. Wood shop 1s attended 

pr1mar1ly by grade 7-9's, and the enrollment in techn1cal 

drawing has dropped to auch an extent that 1ts teacher has had 

to accept additional classes in the machine shop to fill his 

workload. The machine shop itself has had half its equipment 

transferred to another high school--equipment that was speci­

fically of industrial quality: e lathe, a milling machine, a 

shaper, and a surface grinder. Whereas changes do occur in 

time in any institution, it seems odd that auch drastic 
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cutbacks in the technical-vocational programme have occurred 

so immediately upon the heels of the implementation of that 

programme. It would appear that the needs of the sohool were 

misread. It is significant that at the same time as these par­

tioular declines have been oocurring in the school, the same 

school is promoting and pioneer1ng "industr1al orientation" 

programmes wh1oh send students into industry to observe and 

sometimes work for weeks at a t1me. This programme appears to 

be thriving. Sinoe the two programmes seem to be olosely rela­

ted, how can one account for such different responses? 

The picture at this school appears to be one of the 

shunning of the trades. It would seem likely that the occupa­

tions and lifestyles of the parents of this community greatly 

dictate how the students choose the1r optional subjects. Their 

choices are based in large part on their expectations of their 

own future lifestyles. As well, the teachers in this school 

tend to live in the suburban area with 1ts attendant lifestyle, 

and therefore may not be 1deally su1ted to teach the technical­

vocational subjects. It is improbable that, given both these 

conditions, these teachers would be able to 1nterest students 

in pursu1ng the trades. What remains is a highly qualified and 

spec1alized group of teachers, but all oriented toward aca­

demia, in full support of the parents• mores. Superimposed on 

the community•s influence are the requirements set up by the 

province•s CEGEP's. These make physics a requ1red course even 

to enter the health sciences, whereas there are no s1milar 

technical requ1rements, for example technical draw1ng, for 
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entrance to any of the science or engineering programmes. 

Given a university oriented body of students, it is understand­

able that the technical-vocational programme is dieing. 

Students sense this isolation or specialization. Whereas 

social pressures do not permit them to take classes in, for 

example, small motors, they are allowed to take physics. 

Perhaps if they can't make a motor work, they can learn why it 

should work. Seen in this light it is not unusual that the 

enrollment in physics is roughly 25% higher than in a compar­

able Montreal school where, as has been stated earlier, the 

population--though in large part identical to that of Beacons­

field--includes those of a lower middle-class lifestyle. This 

could also explain why the industrial orientation programme is 

succeeding where the technical-vocational failed. Whereas the 

students generally cannot envisa.ge themselves working on a 

motor as a daily routine, $hey are interested in how industry 

in general operates. As future ma.nagers and company owners 

this would seem vital information to them. 

Coincidentally perhaps, three out of eight teachers in the 

Beaconsfield High science department have had direct industry 

related jobs prior to becoming tea.chers. This is an unusually 

high proportion of industry experienced teachers, higher than 

for any of the other departments in this school as well as for 

other schools where this was verified. It is possible, though 

not verifiable in this paper, tha.t student enrollment in the 
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sciences has been influenced in some measure by the kind of 

added learning and living experiences these teachers are able 

to bring to their science subjects. It might also, along with 

auch factors as parent background, school board aize and its 

inherent opportunities for flexibility, sufficient funds avail­

able for a wide selection of equipment, and so on determine 

why students from this school have consistently scored among 

the highest resulta in the Provincial High School Leaving 

Examinations. It is not at all unusual for a few or even one 

teacher to have a measurably profound effect on the growth of 

his students. This 1s not, however, to belabour why enrollment 

and standards have been as high as they have. Investigat1ng 

these phenomena further is not the purpose of this paper. 

Assuming that course enrollment is some measure of commu­

n1ty demand as well as of student 1nterest, which in v1ew of all 

the foregoing seems to be a val1d assumpt1on, it 1s important 

for a course in physics to fulfill the role of not only being 

esoteric, to satisfy commun1ty pressure, but of also providing 

for the student and his demanda a balanced, real view of the 

physical world wh1ch the student anticipates with apprehension, 

and in which he will have to compete viably. 

With this in mind it is necessary shortly to consider the 

PSSC course and evaluate 1t from w1thin this context as well as 

from the viewpoint of how well it motivates the student to 

learn. Before this kind of evaluation can be undertaken meaning­

fully, however, it is important first to determine just what 
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our society does expect of its educators in the field of 

physics. From there we will have to consider what techniques 

the educator must employ if he is to successfully trantfer 

society•s required body of knowledge to the student as well as 

encourage the student•s ability to proceed creatively from 

there. This will provide us W1 th a broader ba.ckground against 

which to evaluate the PSSC programme. 

Educationa.lly, what are the demanda of our society? 

What then should be the aims of the teacher and his physics 

programme? 
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OUR OWN SOCIETY'S EXPECTATIONS OF PHYSICS EDUCATION 

Through the ages, societies have invested in learning. 

Students have been the vehicle by which cultures have endeav­

oured to realize their aspirations of cultural advances, and 

economie and physical security. Through education and its inher­

ent self-perpetuating ways the older generations ensure the 

step-by-step transfer of their culture to their young. As cul-
' 

tures evolve, so does the emphasis put on various aspects of a 

youth 1 s education evolve: be it a drastic modification as in 

the case of a country invaded by a foreign group, or a more 

subtle one, as for example the technological race subsequent 

to Sputnik's launch. Any modification in a culture is marked 

by a similar change in demanda made on its educational system, 

its aims and its content, and sometimes even the method used 

to achieve the goals. 

Despite the continually changing educational scene, these 

alterations have not been so varied as one might suppose. With 

few exceptions there have been in history but two main thrusts 

to education: that which subscribes to the pursuit of knowledge 

for the sake of knowledge alone, and that which endorses the 

pursuit of only that knowledge which can be gainfully and use­

rully put to use. (Until the present century the use to which 

knowledge should be put was itself disputed: there were those 

who would set it to cultivating "virtue", or correspond1ng1y, 

the spiritual, moral life, and there were those who wished it 

to inform purely for practical purposes. In this century, 
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however, those most vociferously requiring of education that it 

intensify virtue have been qu1eted.) Often both v1ews have been 

round in education stmultaneously, w1th one or the other view­

point enjoying some dominance over its opposite member. The two 

attitudes have seldom been comfortably compatible. Most often 

there have been bitter and vocal critics from each of the 

oppos1ng aides. 

Aristotle, 1n the 4th century B.c., commented that there 

was d1sagreement about what should be taught, whether 1t should 

be virtue, or the useful life, or simply *h1gher knowledge"-­

what we would rephrase "knowledge for 1ts own sake*. *No one 

knows on what princ1ple we should proceed--should the useful 1n 

lite, or should v1rtue, or should the h1gher knowledge be the 

atm of our training; all three opinions have been entertained. 

Again about the means there 1s no agreement ••• (G1llett,l969s26)." 

The Spartans chose unanimously to educete for the practical 

good of the community, and not for the individual's satisfaction. 

Europe in the Middle Ages educated also for an exterior purpose, 

not for the good of the community though, but for the good of 

the Church. The Renaissance directed the aima of education 

toward self-real1zat1on and self-development, characterized by 

Montaigne's "know thyself" (Gillett, 1969cl0)). A little while 

later, Bacon in 1600 d1scredited the validity of reasoning as a 

mee.na for cUscovery, insist1ng on the necessitJ for observation 

of the real world to arrive at truth. With him came the push 

toward the •scient1tic method". At the same time he said: 

"Studies [education] ••• are perfected by experience ••• studies 

http:G1llettt1969.26
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themselves do give forth directions too much at large, except 

they be bounded in by experience. Crafty men contemn studies, 

simple men admire them, and wise men~ them ••• (The College 

survey, 1951:)21)." (The emphasis is mine.) His influence, then, 

was in the introduction and encouragement of the study of 

applied science. 18th century Germany recognized that there 

were to be two streams for its schools: one was practical and 

utilitarian for those who could not go on to university, and 

one was "academie", designed for those intellectually inclined. 

John Henry Newman in Victorian England pleaded eloquently for 

knowledge to be its own end, and for learning institutions to 

stress this bias. EVen in his own time he had many vehement 

critics, including Matthew Arnold and the scientist Thomas 

Huxley, the former of whom argued education must serve the 

axiom "know thyself" (how kin to Montaigne) and the latter 

stressing the essential unity of knowledge and its practical 

application: "The diffusion of thorough scientific education is 

an absolutely essential condition of industriel progress ••• 

(The College Survey, 1951:1091)~" Benjamin Franklin took his 

stand stating that America•s students should learn things use-

ful and ornemental, but always within the context of which 

professions the students would enter. Dewey in 19J4 claimed: 

"The acquisition of skills is not an end in itself. 
They are things to be put to use •••• to make an 
indiv1dual more capable of self-support and of 
seif-respecting independence •••• ~nd of) services 
rendered to others •••• The educational end and the 
ultimate test of the value of what is learned is 
its use and application in carrying on and improv1ng 
the common l1fe of all." 

{G1llett, 1969:201) 
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He attacked sharply the notion of knowledge for its own sake, 

accusing it of prejudice, elitism, and snobbery, saying, "There 

is no greater egoism than that of learning when it is treated 

simply as a mark of personal distinction to be held and cher­

ished for its own sake (Gillett, 1969:201)." In the years 

spanning 1920-19.35 education in the western world was directed 

largely at serving a useful purpose, though to which manner of 

purpose was remarkably evenly divided between those studies 

expected to develop the individual and his sensibil1t1es and 

those meant to serve an entirely practical purpose. This is not 

the case today. 

What is it we in Quebec expect of our students in the 1970's 

and 1980•s? What are the aims of this culture, and indeed, of 

what does this culture consist? 

One of the major documents governing and defining our 
1 present educational a.ims and content is the Parent Report , 

issued in 1966. This report emphasizes that our industrial 

society makes demanda on education hitherto unknown, demanda 

complicated by this society•s insistence that education be 

accessible to all (The Parent Report, 1966:2-4). Unlike Sparta 

and later European countries where severe selection took place 

among those aspiring to higher education, the Quebec Government 

insista that everyone have the opportunity to be educated and 

develop his own personal attributes. Because it is recognized 

Monseigneur A. Parent, REPORT OF THE ROYAL COMMISSION OF 
INQUIRY INTO EDUCATION IN THE PROVINCE OF QUEBEC, ~uebec: The 
t;ueen's Pr1n'€er, 1966, Part Three A. 
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that in our society education must be a. democratie process, 

this means that a wide variety of students must be considered 

when implementing education programmes. Education therefore 

has to be broad and versatile--extending, if necessary, beyond 

the normal years. In other words, there must be provision for 

purposeful and continuing education (The Pa.rent Report, 

1966:2-4}. The citizen, to be a properly functioning member in 

this democratie society, must be educated if he is to be asked 

to exercise his democratie privileges intelligently, especially 

in a society involved in rapid social and technological change, 

which was where Quebec found itself in the 1960•s. Some 

emphasis must therefore be put on the prepa.ration of all indi­

viduals for the technological world in which we live. our age 

demanda this. Indeed, the trend of the past century has been 

toward this. 

Judging by what happened at Beaconsfield High School, the 

programmes introduced there about 1969-1970 were to help in 

fulfilling the aspirations of the Parent Report. The enrollment 

in the science courses rose as d1d the probab1lity for a job 

or career in technology. Industry was growing all around the 

West Island area, and the sons and daughters of the company 

owners and workers naturally accepted that they too would find 

themselves in that industrial environment. Indeed, the companies 

expected to draw the school's graduates into their labour force. 

It beca.me common practice in Beaconsf1eld High to 1nvi te 

members or. the 1ndustrial world 1nto the school to talk to 
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the students, to guide them and interest them in the various 

fields available to those appropriately trained. 

Not only have the representatives of 1ndustry shown 

1nterest in this approach, but they also votee their opinions 

about educat1on•s product. It is evident from these opinions 

that 1ndustry feels the students are insuff1c1ently prepared 

for the1r roles in industry. 

One supposes that anyone entering an 1ndustry has to be 

trained for the job, regardless of the person•s educational 

background. Consequently, given that 1ndustry is in a state of 

rapid flux, 1t 1s understandable that the complainte revolve 

around the fact that graduates simply are not much use when 

they f1rst appear at the company, they are somehow not versatile 

enough, not capa.ble of accomplishing practical tasks. 

The need for practical experience in the science-techno­

logy field was underlined at one stage two years ago when repre­

sentatives from 1ndustry were invited to come to the school to 

tell students about industry•s view of the schooling process. 

Teachers and these representatives became bitterly polarized 

when the industrial representatives attacked bluntly and insist­

ently the poor calibre of student hoping to make it in the work 

force. The teachers were blamed, the modular scheduling came 

under fire as too lax, the prevailing mood was, "Whatever 

happened to good old-fash1oned learning and sweat?". Industry 
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apparently was not happy w1 th the schools • product. Wha.t they 

were really complaining about were two different things: one, 

that students were ill-prepared to cope practically in industry; 

and two, that students were lazy. 

A ~ice-president from an electronics engineering firm 

said that graduates from Waterloo University were much more in 

demand in his field than students from McGill University. The 

difference, according to him, stems from the fact that Waterloo 

students go out regularly into industry for industrial experi­

ence, graduating not only with theoretical but w1th practical 

knowledge as well, and are thus ready to fit in as productive 

entities. 

Industry's demanda on education must be acknowledged as 

being significantly representative of our present society•s 

demanda. We live after all in an industrial society. What, 

then, of their two major complainte? To consider their second 

complaint first: laziness seems to be a malaise infecting all 

workers in general, though admittedly it would seem from all 

accounts that it is the younger generations of workers who 

suffer most from it. The "old-fashioned work ethic 11 upon which 

this continent was founded is fast disappearing. To what extent 

the school systems are responsible for this trend is difficult 

to assess. Some would argue that the school systems, rather 

than causing the trend, are merely reflecting 1t, the causes of 

wh1ch must be found elsewhere. Some 1ndeed would argue that the 
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malaise is not present at all in our schools. A realistic 

view, however, would admit that the malaise is real and is 

found in the schools as it is in every other sphere of l1fe. 

While it is a sociological problem, it would benefit from 

some changes in our school systems. However, the schools 

acting alone would be incapable of completely eradicating such 

a w1despread infection. certainly, a particular approach to 

the teaching of high school physics is not going to directly 

affect this malaise one way or another. 

A particular teach1ng approach in physics might well, how­

ever, directly affect a student•s ability to cope practically 

in 1ndustry. 

Whereas education must not be directed solely toward fitting 

in with industry•s demands, we must not overlook the need, 

both from society•s as well as the student•s point of view, 

for preparing him for a life in a technological society. The 

problem in achieving this is that unfortunately the school 

and 1ts teachers must by some magical process determine how to 

proportion the student•s time so that he achieves maximum ' 

development personally while still being molded to take his 

place in the work force. The school, teachers, and students 

are placed in a very precarious and indefensible position. our 

programmes must provide the meat, the practical, applicable 

facts, since our society expects students to have these, yet 

simultaneously we must inspire the students in the1r search for 



21 

a deeper and more un1versal pattern and meaning to the work 

they are performing. This is and always has been the concern 

of the •society" of man and is therefore the concern of 

education. The school programmes thus owe it to the student 

to show him both theory and application. That this 1s a monu­

mental task is no understatement. Not only has the body of 

knowledge available to the student grown tremendously in the 

past century, making selection of just what to choose to teach 

increasingly difficult, but the attendant rapid evolution in 

technology makes it next to impossible for the educator to 

keep abreast of technology•s training requ1rements. 

It is obvious that the industriel orientation programme 

d1scussed in the last chapter attempts at least part1ally to 

solve this dilemma. But educators themselves must share the 

responsibility for achieving these aima. Courses must wherever 

possible be a1med at fulfilling both criteria: prov1ding the 

theory and making it relevant practically to everyday life as 

well. 

The PSSC physics course has succeeded adm1rably in pro­

viding theory to the student. It has failed on too many occasions 

to indicate the application demanded by today•s technological 

society. It is to fill this gap that I have modified some of 

the course. It has been my feeling that not only does the 

subject material lend itself naturally to being concretely 

useful in everyday life, but 1t behooves any responsible 
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educator to ensure the emphasis of its relevance, both for 

the sake of the student•s greater appreciation of the subject 

and for the sake of the society into which he is soon to be 

dislodged--charged with the respons1bil1ty of enhanc1ng its 

culture. 

Argued in more generalized terms than from this standpoint 

of the needs of our industrialized society, we reach the same 

conclusions: our culture is experiencing a shift in mood from 

a sense of isolation in a vast uncompromising universe where 

all that happens is out of our control, to one of a sense of 

participation in a universe which is a home for man, a home 

which he must protect, explore, and hopefully understand. This 

is not to be misunderstood to mean that individuals feel less 

lonely than before or any greater kinship with each other than 

before, but rather it means we recognize we have a responsible 

role to play in our environment whether we like that fact or 

not. We affect our environment. 

We must therefore equip ourselves to deal 1ntelligently 

with our surroundings, with our real world, if that world is 

to be sustained in its natural state. To achieve this we must 

prepare our students to cope in the real world they are soon 

to enter. This involves a substantial emphasis being plaoed 

on the relevance of physics learning. 
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III 

HOW STtmENTS LEARN 

To plan a specifie course of study one must apprec1ate 

first how~he process of learning occurs; only then can an 

efficient system for learning be designed. Until recent years 

1t was cons1dered suff1c1ent s1mply to present the subject 

mater1al through e1ther the wr1tten or the spoken word, as on 

a platter, to be eaten and d1gested by the student. The student•s 

role was unconsc1ous1y (I say unconsc1ous1y because it 1s doubt­

fu1 much thought was g1ven to the student's role except that it 

was to 1earn) that of the passive receptacle which, upon be1ng 

fi11ed was then expected to give back what had been given 

whenever such demand was made. Those who comp11ed exactly were 

1abe11ed natura11y bright; those who varied in any way were du11 

and stup1d. Conformity rather then initiative and orig1na1ity 

were the criterion by which students were judged. Much has been 

learned in the past 50 years about how one learns which has 

tried to change a11 this. 

Jean Piaget has carried out educational research on 

ch1ldren since 1927, theor1z1ng on the nature of mental struc­

tures, and finally proposing that al1 chi1dren go through 

certain stages of 1nte11ectua1 development. A1though he has 

been wide1y cr1ticized for lack of precision as we11 as for 

using improper contro1s in data gathering (Ausube1, 1968: 

191-19)}, his work on the recognition of stages of development 

has spurred much research and educationa1 innovation. 
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Piaget draws a distinction between development and learning. 

He defines development as being the essential process of 

growing: the development of the body, its nervous system and 

1ts mental functions. It is spontaneous. Learning on the other 

hand, is provoked by situations--by a psychological experimenter, 

a teacher, or some other external situation. Each element of 

learn1ng occurs as a funct1on of the total development of the 

1ndividual, which development (though not the learn1ng) ends 

w1th the arrival of adulthood (Piaget, 1964: 176). Learning 

added to more learning does not create development, as some 

psychologists would have it, but rather learning can only occur 

once the individual already has within himself the structures 

of development, of "knowledge", wh1ch will enable him to receive 

the learning. Children therefore must do their own learning in 

their own t1me. 

He says of knowledge: i t is an opera.tion. It 1s not merely 

a copy of reality. 

"To know is to modify, to transform the object, 
and to understand the process of this trans­
formation, and as a consequence to understand 
the way the object is constructed. [1hisJ 
operation is thus the essence of knowledge; it 
is an interiorized action which modifies the 
object of knowledge." 

(Piaget, 1964: 176) 

By wi~lfully interacting w1th the object, by recognizing in 

do1ng so the revers1bility of those actions (that add1ng to 

can be balanced by taking away, jo1n1ng can be balanced by 

separating, and so on,) knowledge is acquired, and logical 

mental structures are formed. 
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Intellectual development is marked by the building and 

rebuilding of these mental structures. Since no operations 

are carried out in a vacuum, since all are in some way related 

to other operations, then each is always a part of a total 

structure the recognition of which can only come about after 

many further operational activities. Many of these operations 

do not fit one•s present mental structures, causing a state 

of disequilibrium. Old mental structures are disrupted and 

must be replaced. Through continued operational activity a 

new structure 1s developed and tested, either to be assimilated 

as a part of one•s knowledge or to be rejected once again. 

This ongoing process, viewed by Piaget as a process of equili­

bration or self-regulation, 1s what constitutes development. 

This 1ntellectual development, accord1ng to Piaget, can 

occur only insofar as the particular operational level reached 

by the indiv1dual will allow. He 11sts four main stages of 

intellectual development, the precise ages for which he adm1ts 

fluctuate as much as four years from society to society, and 

to a lesser degree from 1ndividual to 1nd1vidua1, but the 

ordering of wh1ch rema1ns universal1y constant (Piaget, 1964: 

178). There is the sensory motor stage (from birth to about 18 

months), the preoperationa1 stage (from 18 months to about 7 

years), the concrete operational stage (roughly ages 7-11), 

and the formal operational stage (starting at some point 

between the ages of 11 and 15). The f1rst intel1ectual leve1, 

the sensory motor stage, is that level at wh1ch such practical 
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knowledge as the fact that objecta are permanent is assim1-

lated; the second stage sees the development of the symbollc 

functlon--of language and of thought--but as yet the thought 

processes are r1g1d and incapable of reversal or true opera­

tional act1v1ty; ln the third stage concrete operational 

act1v1ty beg1ns--operat1ons on objecta, such as classlflcatlon, 

orderlng, spaclal and temporal operations; but as yet there ls 

no ablllty to verbally express hypotheses or to reason solely 

from the stance of hypotheses. This last stage arrives sometlme 

in the teen years. Accordlng to other psychologlsts who have 

entered Piaget•s field of study, the operational level, 

particularly the formal operational level, for even one 

indlvidual can vary accordlng to the subject matter being 

handled. For example, one 1nd1v1dual might operate on a formal 

operatlonal level ln one subject but on a concrete operational 

level in another. Indeed, some clalm that an lndlvldual often 

operates dlfferently even withln one subject area; for example, 

usually on a formal level ln physlcs until one encounters 

some particular difflculty, at whlch time one reverts back to 

the concrete operatlonal level (Ausubel, 1968: 19)). 

To what does Piaget attribute the development from one of 

these stages to the next? He cites four factors (Piaget, 1964: 

178), all of whlch work in combination: maturation (which he 

uses to mean natural embryogenesls, includlng the physical 

growth of the nervous system and the brain), experience (one's 

own concrete operational activities and subsequent loglcal­

mathematical perceptions), social transmission (llngulstlc or 
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educational transmission; the interaction with ethers which 

shskes one from an egocentric view of things and exposes one 

to ether views and thoughts often in conflict with one•s own), 

and equilibration (the natural human tendency toward preserva­

tion of equilibrium, wherein if--as in the act of knowing--one 

is active and is consequently faced with an external disturbance, 

one Will react in order to compensate, thus tending toward 

equilibrium once a.gain. This equilibrium, defined by active 

compensation, leads to reversibility: a transformation in one 

direction is compensated by a transformation in the ether 

direction. It is an active process of self-regulation, a 

"balancing out of knowledge" if you will, a fundamental factor 

in development.) 

Piaget looks at the traditions1 thrust of education 

mentioned at the beginning of this chapter, that of "stimulus 

- response" activity, and finds 1t faulty. He maintains that 

if learning is a stimulus-response reaction, the stimulus can 

be a stimulus only if there is a structure already present in 

the learner to assimilate the stimulus. He suggests that the 

"response" therefore must be there first (Piaget, 1964: 182). 

Learning, he says, is possible only with this active assimi­

lation, which in itself involves active operation by the student 

on the subject matter. It is the student•s activity on the 

subject which Piaget finds is underp1ayed in the stimulus­

response schema. The kind of learning situation Piaget proposes 

puts the emphasis on the idea of self-regulation, on assimilation. 
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All the emphasis is pleced on the activity of the student 

himself. "Without this activity there is no possible didactic 

or pedagogy which significantly transforma the subject (Piaget, 

1964: 18 5 ) • " 

In an attempt to translate his views on education into 

stimulus-response language, Piaget offers this recipe: first 

utilize the operations, then add the equilibre.tion, and from 

there throw in the stimulus-response. That, for him, would 

constitute a sound educational method (Piaget, 1964: 185). 

Where, then, does the Piagetian theory leave the science 

teacher, and what does it say precisely about the PSSC course 

as it is presently designed? 

Certainly Piaget implies a certain "readiness stage" 

must be established before one can hope to "teach" effectively 

any given subject materiel. (You cennot teach higher math to 

a 5 year old.} He also doubts the various stages can be 

accelerated by external interference, maintaining that the 

progression from one stage to another is not the result of 

experience .2! social transmission but rather is achieved through 

internal equilibration, or a synthesis of the four factors 

mentioned earlier: maturation, experience, social transmission, 

and equilibration. Renee the teacher really must aceept the 

present level of his student and build on that. 

What is the level of development of the average science 
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student? Most science courses of any weight are introduced 

in the high school years, supposedly at the time the formel 

operational level is reached by the student. This means, then, 

that the student should now be capable of reasoning w1th pro-

positions only and has no need of objecta. He can form hypo­

theses and test them. To do this, he must isolate and control 

variables and exclude irrelevant ones, surely a form of 

"abstract" think1ng. 

What is the level of development required by science 

courses? As Renner and Lawson (1973: 168) describe it in 

their study of Piagetian theory, 

"The maximum educational gain that comes from 
the study of science is derived from the 
isolation and investigation of a problem. 
Quite obviously this involves the formulation 
and stating of hypotheses and using a form of 
thinking which can be described as, if ••• , 
then, ••• , therefore. That is, of course, 
propositionel logic. In other words, science 
teaching should promote formal thought." 

Here we encounter a number of problems. On the surface 

1t would seem that student and subject are well matched: both 

exist on the formal operational level. However, as was explained 

earlier, the ages at wh1ch individuals achieve this final 

stage vary considerably, and 1t is not at all unexpected that 

a student upon graduation from h1gh school might not have 

developed yet to the formal level. Others who have m1ght, 

however, be operat1ng on the concrete operational level 1n 

the sciences, or perhaps are at the formal level one month 

and regress to the concrete level another. Most psycholog1sts 
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studying Piaget seem to agree tha.t the changeover to the 

last stage is slow, with many fluctuations occurring between 

the two levels within the one 1ndividual (Ausubel, 1968: 

193-195). Thus it is probable that despite the chronological 

ages of science students, they are ne1ther the majority of 

them operating on a formal level, nor are they consistently 

operating at that level. The match is no longer such a good 

one. 

As well, 1t must be remembered that Piaget distinguishes 

two kinds of experience which lead to different kinds of mental 

structures: the first, physical experience, which is physical 

interaction with the objecta of the world and leads to the 

development of structures about objecta; and the second, 

logical-mathematical experience, which resulta when the learner 

finally perceives that his actions with objecta produce an 

order in themselves. {For example, when he discovers that 10 

objecta when counted left to right provide the seme result 

as when counted right to left, he can now make the general-

1zat1on that the sum of any set of objecta is independent of 

their order.) Now the student has a mental structure that he 

can utilize; a logical-mathematical structure. This latter 

structure is a more complex structure than that produced by 

physical experience, but without the physical experience first, 

it cannet occur. Hence, in the early structure-building stages 

the opportunity for the learner to interact with concrete 

material is essential. If we accept literally Piaget•s words 
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" ••• coordination of actions before the stage of operations 

needs to be supported by concrete material," (Renner and 

Lawson, 1973: 166) then we must say, as do Renner and Lawson, 

" ••• regardless of age, the student must have 
materials to perform actions w1th until he 
can begin to utilize logical-mathematical 
operations •••• rt is experience with the materials 
of the discipline tha.t produces the person who 
can understand abstract content and not studying 
abstract content which produces students who can 
interact with the materials and invent abstract 
generalizations." 

(197.3: 166) 

Therefore, regardless of a student•s age, if the subject 

material, or even a concrete operation, is either so new or 

so "difficult" as to prevent him from forming a logical­

mathematical structure about it to be utilized later, then the 

subject matter must be handled at a more fundamental physical 

experiencial level until such time as he can progress to 

logical-mathematical operations. What this means in the teach­

ing of science is that, for one thing, science at the high 

school level cannot be handled primarily on the formal level; 

it must deal in the concrete. The laboratory situation 1s 

imperative. Secondly, it means that a particular ~ of 

laboratory situation is essentiel. In situations where either 

the body of knowledge contained within a lab or the tools 

used to carry out the lab are themselves so abstract as to 

prevent effective assimilation by the student, even though he 

may ordinarily operate on the formal level or even though he 

has interacted with the operation of the lab which is a concrete 

activity: if that lab is to be assimilated at all, it then 

either must be redesigned itself or be prefaced by another lab 
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on the same general theme whose body of knowledge can be 

operated on by the student as a physical experience or whose 

experimental tools can be understood as real, so that the 

activity can be perceived by the student at the concrete level. 

Until this happens, even what was a concrete operation--doing 

the lab itself--is perceived by the student as abstract. Only 

once this concrete level of understand1ng has been satisfied 

can the student hope to progress, to bu1ld new logical­

mathemat1cal structures with which to face the more abstract 

work to come. 

It 1s not enough, therefore, simply to utilize the 

laboratory approach in the teach1ng of h1gh school phys1cs. 

Rather, the particular labs themselves, not just the1r method 

but each of their bodies of knowledge and their operational 

tools as well, must be capable of being operated on by the· 

student in the appropr1ate manner: either formally--1f the 

student has had prior concrete knowledge of the material or 

of something so recogn1zably 11ke 1t that his formal thinking 

can easily 1dentify the sim1larit1es and hence achieve 

assimilation, or concretely if the subject material does not 

satisfy these criteria. 

Let us assume for the sake of argument that all the above 

conditions for intellectual development are met. Will this in 

itself guarantee that the student will learn? My answer is a 

qual1fied no. The above conditions do not make learning occur, 

they allow it to occur. What, then, will ensure the act of 
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learning? 

The term most commonly used for what further is needed 

to ensure learning is "motivation". Unless the student is 

motivated from Within, we say, he will not learn. But Dewey 

provides some ideas which help us look at motivation within 

a P1a.get1an framework. He warns that though it was in his day 

accepted that instruction must proceed from the concrete to 

the abstract, 1t was too often forgotten that in the experience 

of the young learner: 

" ••• only that wh1ch has a human value and 
function is concrete. In h1s ••• study ••• 
physical things are presented to hlm as if 
they were independent and complete in them­
selves. But in the actual experience of the 
[stUdentJ, these things have a meaning for 
hlm only as they enter 1nto human 11fe." 

{G1llett, 1969: 200) 

The mater1al then, must seem relevant to the human 

situation if the learner 1s to perce1ve 1t at the concrete 

level. Until a student 1s operat1ng on a formal level, all 

pr1or learn1ng is necessar1ly, according to Piaget, centered 

around the learner•s own experience and phys1cal operations; 

it therefore can be said to be egocentric. Only once the 

formal, propositional level has been reached can the learner 

shake free, however temporarily or occasionally, of this 

inhibition. It is understandable therefore that the student 

operat1ng on the concrete level demands from his subject a 

sense of relevance or applicab111ty to his own 11fe before he 

can proceed to ass1m1late it. 
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poses that the student learns when he can see himself in a 

situation. Everything eventually has to return to the self 

since man is egocentric {Selye, 1974: 61). 

This returns us, then, to the matter of what criteria 

science lab situations must fulfill. If a lab succeeds as a 

h1gh school lab on the formal operational level, 1t can be 

assumed, us1ng Piagetian theory, that at some earl1er stage 

the student successfully came to grips with its problems on 

the concrete level and, if Dewey and Selye are to be believed, 

perceived its subject to be relevant. When a high school lab 

is aimed at the concrete operational level of the student, it 

must at the same time, according to Dewey and Selye, be 

recognizeably relevant to the human condition. When the student 

perceives the materia.l to be relevant to him and to his 

situation, because of the na. ture of his egocentrici ty i t 

follows that he also cares. This quality of caring is the 

essence of motivation. It is what provides the student with 

that "energ1zed will" to learn (see Introduction), w1thout 

which effective learning cannot occur. Thus a relevant lab 

(one whose material and whose a1ms the student cares about) 

dealing on the concrete operational level, or a formal lab 

wh1ch has been prefaced adequately by relevant concrete 

operations, should result in student learning. 

Dr. Selye 1s the noted medical researcher whose life-long 
work has been a study of the effects of stress on the human 
being. His description of stress could be compared to Piaget•s 
"disequilibrium", though Selye•s interpretation is on a broader 
scale. 



35 

Looked at from this a~e, the question whether learning 

is assured by fulfilling the Piagetian theory must be answered 

in the affirmative. But only so if it is accepted that a) 

relevance to the human condition is a requisite of the concrete 

operational level and b) self-motivation, in the presence of 

those conditions required by Piagetian theory, will produce 

learning. 

As an as1de to the subject of motivation, when one states 

that a sense of relevanoe in subject mater1al 1s required 

before one is motivated, this impl1es that one must have at 

least some generalized view of what the subject materiel is 

about, or what its application to the human condition is, 

before one begins to investigate and assimilate the learning 

material. This seemingly baokwards order of events is not 

really baokwards at all. It 1s, as we have seen, necessary 

psycholog1oally. Furthermore, it does not imply that the total 

ot the end resulta are tully understood prior to the assimi­

lation process; it merely requires that a general human goal, 

about wh1ch one cares, however vaguely defined the goal may 

be, must be peroeived from the beginning. This generalized 

goal w111 be quite different in kind from those particular 

resulta one accumuletes by the end of the operation. Quite 

simply, it means one must have a fully satisfactory understanding 

of what the question is, and even why it is, before one can 

eftectively search for answers. 

How does the PSSC physics course rare w1th1n this context? 



Briefly, although it certainly uses the lab situation as a 

teaching technique, it does not always concern itself carefully 

enough w1th the level of student to whom it is aimed and 

rather too frequently expects concrete operational thinkers to 

interact w1th the course on a formal operations.l level. In this 

it is not unlike some other newly developed curricula in science: 

"Cl earl y," sa id Kohl berg end G1111ga.n recently, "the new 

curricula assume formal operational thought rather than trying 

to develop it (Renner and Lawson, 1973: 169)." It fails as well 

to be relevant as often as it might, resulting predictably on 

these occasions in a lowering of student motivation, 1nterest, 

and eccomplishment. 

Just where the PSSC course has failed specifically, and 

whs.t I have done to amend the situation, are our next concerna. 
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BEASONS FOR MODIFYING THE PSSC COURSE 

The PSSC course as it stands entertains educational 

aims and methode which are both viable and commendable. In 

the new Sputnik era of the late 1950's educators recognized 

the need for a new curriculum capable of teaching basic 

physics principles in such a way that the student would be 

able to progress smoothly from that course into more advanced 

physics. They hoped that by providing a curriculum W1th more 

"hands-on" experience for the student, such a smooth transi­

tion could be made possible. Out of this need the Physical 

Science Study Committee at the Massachusetts Institute of 

Technology developed what is referred to as the PSSC physics 

course. It is an inductive, experiment oriented introductory 

physics course aimed at developing students capable of pro­

gressing smoothly from its course into modern physics. Con­

trary to the traditional physics course which it parallels 

and in some schools replaces (the Begular Physics 512 course), 

it utilizes the concrete approach to learning favoured by 

Piaget, by involving the student aetively in the lab situ­

ation. It is the student's aetivity in the lab which is his 

primary learning vehicle rather than his textbook learning. 

Since, as always, implementation of programmes lag 

considerably behind their initial introduction, it was 1971 

before Beaconsfield High School integrated the PSSC curriculum 

into its science programme. At that time I had been teaching 

the Begular Physics 512 course for a number of years in that 
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school and was aware of some of its def1c1enc1es. It was my 

feeling that a physics programme should offer more than a 

compendium of facts and figures, held together by the binding 

of the book. That is why when the opportun1ty arose in 1971 

to inform myself about the PSSC curriculum w1th a view to 

introducing it into Beaconsfield High's courses of study, I 

was more than eager. I was convinced that an emphasis on 

the lab approach would make physics appear as a real form of 

personal inquiry to the students, leading them through their 

own efforts to initiate further inquiry. I sensed this could 

be but a healthy form of learning. With this end in mind I 

part1cipated in a course at McGill University a1med at orient­

ing the teacher toward teaching high school physics through 

lab activity. I looked forward to this new method of teaching 

physics as one that would present a strong unify1ng theme to 

the material, and which would make maximum use of the 

investigative experience-centered approach. 

The PSSC text with its theory and the lab manual With 

1ts open-ended lab instructions both were formal, coherent 

tools given to the students to enable them to progress through 

certain top1cs in physics in a sim1lar formal, coherent 

spirit. The school board prov1ded special lab equipment to 

help me teach the course, and I round myself adapting 

naturally and enthusiast1cally to using 1t. There ls, however, 

a fallacy in assuming that if one has the textbook and the 

equipment one also has the essent1al ingredients for a 

successful programme. 
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In my flrst year teachlng the PSSC course I began to 

sense some of lts shortcomlngs. At flrst I assumed they were 

ln fact shortcomlngs 1n my own classroom presentation as 

teacher. Somehow lt seemed that I was not lmplementlng this 

laboratory approach properly. For one thlng, the students 

were not appreclatlng all the materlal the way I had hoped 

they would. For another, students seemed to be exper1enc1ng 

real dlfflculty ln understandlng some of the work. In tlme, 

however, I reallzed that much of the fault lay wlth the PSSC 

course 1 tself. 

I dlscovered that when the students seemed not to apprec-

1ate the materlal as they should, they ln fact were feeling 

a certain lack of appl1cab111ty ln what the PSSC course was 

asklng them to do. Though all the labs were ln fact concrete 

actlvlty, some of those act1v1t1es seemed to have no purpose 

ln them that was real for the students. Although most of 

the students appeared to be wllling to go through the motions 

of performlng these labs, and were qulte w1111ng and even 

eager to co-operate w1th me as the tea.cher ln an effort to 

carry out thelr act1vlt1es, they seemed ln these instances 

to lack that spark of enthuslasm I felt was necessary to real 

learnlng: the spark from w1th1n themselves. They were wllllng 

to accept my word for the value of these physics activlties, 

but they obviously did not put a simllar value on them them­

selves. 

It was sometimes diff1cult for me to antlclpate to which 
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labs my students would not respond. I found that there were 

several occasions when I personally round certain labs fas­

cinating, yet the general student response was apathetic. 

Whereas I was intrigued by the various ripple tank labs, for 

example, students lost interest in them very quickly. I saw 

the labs as the pedagogie vehicle whereby their concepts 

were tied to what was, for me, a real situation. The labs, 

I thought, provided a real basis for the appreciation of wave 

motion. It beeame clear, however, that the students did not 

see those labs as real life situations, but rather as eon-

trivances; extensions of the textbook. Students all too often 

asked what the point of all these ripple tank labs was. They 

simply were not ready to appreciate what they were doing 

with the tanks. 

While I wondered if the fact of my own greater apprecia-

tion of sueh labs was merely a natural outcome of my own 

particular interests and "bents", I wondered too 1f, in the 

event I eould make the mater1al relevant to my students, this 

would not increase the1r enthusiasm for the subject. was it 

Just a matter of personal preference? In discussions with 

some of my colleagues also involved in PSSC teaching I dis­

covered that they too were find1ng certain labs falling short 

of their goalsl, either by be1ng too abstract and "d1fficult" 

or by being irrelevant in the students• eyes. They chose, 1t 

i 
All seemed to agree that the following labs in particu­

lar seemed weak teaching tools for their students: "Analysis 
of an Experiment", the "Millikan Experiment", "Refraction of 
Waves", and "Changes in Potential Energy". 
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seemed, largely to eliminate the offending labs, in some 

cases substituting something of their own--a book report, a 

demonstration, or a simpler lab. I was not sure I wanted to 

eliminate the labs in question. If I had felt that these 

labs were dispensable, which I did not, I probably would 

have followed the lead of my colleagues and either elimin­

ated them or substituted something else. However the fact 

that I round each lab interesting made me curious about 

whether a similar degree of interest and involvement could 

be developed in the student. I felt that if it could, the 

students• learning proeesses would be improved. 

At the same time that I was concerning myself w1th this 

question, I was having a close look at why certain PSSC 

material was not being absorbed and understood adequately 

by the students. What, if anything, did these "trouble spots" 

have in common? 

I already knew that, as in the case of the ripple tank 

laba, the students found some laba irrelevant w1thin their 

own life context. I knew too that students round some labs 

too hard. The "Millikan Experiment" lab was a good example. 

Prior to this lab students have had no formal exposure to 

buoyant force, they are not quite sure by what mechanism ter­

minal velocity occurs because they are unsure of the roles 

of gravity and "weight", and they have no ides how the electric 

field causes a certain constant velocity in this situation. 
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Seen in this light, how one can calculate a charge/maas 

ratio from this variety of quantities must seem like magic 

to these beginners. And, in fact, commenta on this lab are 

as follows: "It's a hard one on the eyes~ and "Other than 

that it doesn•t work, what else were we supposed to get from 

it?". Students are unWilling to see the lab merely as a 

technique and lab exercise because they instinctively are 

trying to re-live Millikan•s adventurous discovery. After 

all, his work and its resulta involved excitement, so why 

can•t their search be exciting too? 

In both these situations, where the lab appeared either 

irrelevant or too difficult to be satisfying, it seemed that 

a higher level of knowledge was expected of the student than 

was realistic. Looked at in retrospect through Piaget•s 

eyes, it is likely that I found the ripple tank labs absorb­

ing because I was already well into the formal operational 

level in physics, having greater age, experience, education, 

and opportunity for the synthesis of these (equilibration) 

than did any of my students. The somewhat abstract activity 

of those labs, therefore, could be thoroughly satisfying to 

me. The students, however, were not being allowed the oppor­

tunity to be introduced to this material at their own level. 

They appeared to require a yet more basic, more real activity 

than ripple tanks in order for them to find the activity 

relevant. It was equally true that students seemed to require 

a more basic approach to the "Millikan Experiment" labs. As 



) long as its activities were too complex to be properly under­

stood, the work could not seem relevant to my students. 

I was becoming ever more convinced that the question of 

relevance was basic to successful learn1ng. W1thout 1t, I 

could not expect my students to exhibit that spark of 

enthusiasm I felt was necessary for them to learn effectively. 

I was also becom1ng more convinced that for the students to 

f1nd relevance in their subject material it was necessary to 

aim the mater1al very carefully at their true operational 

level. 

When I found that certain subjects in the PSSC course 

were noticeably more successfully received by my grade 11 

students than by my grade lO's, it was necessary for me to 

determine why. The likeliest reason seemed to be that the 

grade 11 students had by virtue of their extra year in age 

more maturity, experience, and knowledge w1th which to approach 

their subject than did their younger peers. However, the sec­

tion of the course dealing w1th wave motion, which more than 

any other showed a marked contrast in suitability to age group, 

revealed what more immediately might be causing this variance 

in success. The text reading level of this section is very 

high. An analysis by the Fry Readability Graph Method (see 

AppendixA) shows that it is at the grade 12 reading level. 

Upon further investigation I found that many other sections 

of the text are in fact at the grade 12 and early college 
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reading level. The lowest level found anywhere in the book 

is grade 11. Although the Fry method of determining the read-

ability of a text is not given much credence by some reading 

specialiste, my students obviously were having a great amount 

of trouble reading the book: the grade lO's particularly in 

the wave motion section and the grade ll's in the section on 

electr1c1ty and magnetism. 1 The writing style is particularly 

difficult in these portions, and the presentation is aimed 

at a level of understanding above that on which my students 

appeared to be positioned. It is not surprising, then, that 

my grade 10 students were consistently achieving below the 

grade 11 students in the more difficult sections. 2 

Because of the problems my students were experiencing 

in these and in other areas I decided I had to modify the 

PSSC material in such a way, hopefully, as to ensure a more 

effective learning experience for them. I was anxious to see 

if, by designing material my students could find relevant, 

they would not only understand their work better but they 

would be more enthusiastic and more motivated as well. To 

this end and for as many of the "trouble spot" areas as time 

would permit, I decided to shift the classroom emphasis 

slightly from the "purely scientific" to demonstrating 

society•s need for the practical aspects of new-found know-

1 
The grade 10 students do not reach this section of the 

course until the last half of their grade 11 year. 

2' 
For a more complete discussion of the reading level of 

the PSSC text and the ramifications of that level as expressed 
in government directives, see Appendix K. 



ledge. Prior to doing certain of the "problem" experimenta 

I wanted the students to spend some time with an activity 

that developed a feeling, a paradigm, for that subject already. 

It was not so much my intention to change the PSSC course, 

or subtract from 1t as I had found others were doing, but 

rather I was determined to add to it. What I added had to 

be real to the students in the1r everyday lives. 

Much of what I did in the beginning was "spur of the 

moment" in nature, usually beeause I felt that the slant I 

took should be timely and immediate to the personal lives of 

the students. Though this was less structured an approaeh 

than I realized ultimately would have to be the case, it 

was noteworthy from the start that the students responded to 

this kind of evidence of the "immediate reality" of physics. 

I found this a hopeful, positive beginning. 

At about this time when I was beginning to develop my 

additions to the PSSC programme, a Masters of Education pro­

gramme on the Teaching of High Sehool Physics was introduced 

at McGill University. This seemed to me to be opportunely 

timed. I enrolled, hoping to learn from it anything which 

might help in my attempts to revise the PSSC course. It was 

of interest to me to discover that so many of the ideas I had 

eoneerning the PSSC course were specifically discussed, though 

not within the PSSC context, by other educators and psycho­

logists. 
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Piaget, for example, shed much 11ght on the phenomenon 

I had encountered With experimenta such as the r1pple tank 

labs discusaed earlier. It is remembered that in these experi­

menta, although the atudents were indeed working 1n a lab 

situation {which when I first began teaching the PSSC cur­

riculum I had assumed would be almost by definition a good 

learning medium,) they were unable to relate to these labs in 

any way. I had decided after some time and consideration 

that this must have been because the tools the students were 

using seemed artificial to them; they could not muster any 

real interest in them. Piaget•s theories suggested to me that 

this waa because the students had not had sufficient prior 

concrete activity to establish conerete structures (to use his 

language) about the modela used to explore the subject. Beeause 

the students failed to see any relevance in the tools of these 

labs, the labs were in fact taking on the role of teaching 

through the old "stimulus-response" method. The concrete 

operations and subsequent equilibration which Piaget had 

insisted must precede the stimulus-response motif,1 were missing. 

Th1s seemed to explain rather well why my students • response 

to these labs was of the parrot variety: the stimulus offered 

by the labs, without the pr1or concrete experience they needed 

to have had, could not produce real knowledge; neither could it 

produce any sense of personal motivation2• Without either of 

these factors present it also followed that the labs could not 

1 
See pp. 27-28 

2 
For a discussion of what constitutes motivation see 

pp. 3J-J4. 
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lead to original thinking. 

Although there appeared to be a dearth of scholars deal­

ing with this question of the quality of not only lab content 

but of its materiels as wel11 I àid find one author, Gerald R. 

Holton, who in "What is Conveyed by Demonstrations" (1970~72} 

referred to this problem. In discussing the introduction of 

the concepts of interference he argued that one should not use 

the model of a ripple tank, or blackboerd diagrams and exple~n-

ations, but rather one should first explore the phenomenon 

with an industriel or research deviee, the "real thing". 

Since this real deviee was more fundamental to the student•s 

experience than the leb model it should give better assurance 

of student learning. He did not advocate, however, eliminating 

the ripple tank; just dela.ying i t until this preliminary step 

had been taken. He felt the ripple tank should come in later 

for more hands-on experience. 

This thinking seemed strongly to al1gn with my own. It 

seemed to me that for these occasions, pre-lab activity of a 

very basic type was required. The activity had to afford the 

student the opportunity to 1nteract with material he would 

f1nd real, or relevant, to his own experience. His modela had 

to be real, or relevant. From this experience he would, hope­

tully, be able to go on to interact successfully with the new 

Many were discussing the quality of lab content, but 
the issue of the quality of lab modela was not a lively one. 
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learning as round in the prescr1bed PSSC labs. 

It must be stressed that I did not find auch prelim1nary 

grounàwork to be necessary for all of the PSSC labs. Many of 

them were obv1ously well su1ted to the level of my students. 

In those cases, however, where I round the students were con­

sistently encountering àiffieulties, I felt extra-labs would 

be helptul. 

Belevanee was essential to my modifieationst both in 

top1e and in modela used. Relevanee was required to help the 

students understand. Just as important though, I had observed 

thet Without this sense of relevance, my students tended to 

laek that qual1ty of oaring so essent1al to the learning 

proeess. 

It was vith these aims of improving student understanàing 

and motivation that I began providing additions to the PSSC 

programme. 
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ADDITIONS TO THE PSSC EXPERIMENTS 

The PSSC laboratory manual contains 47 experimenta. The 

Teacher•s Guide suggests about 20 are of primary importance, 

and the others are aux1liary experimenta to be used if and 

when t1me permits. I have found that I can schedule about 21 

labs in the course of a year, averaging about one experiment a 

week. Of these 21, I have found 1t advisable so far to add 

mater1a1 to ; experimenta, sometimes add1ng more than one 

extra act1vity for an experiment. Although I intend to add 

more material to certain other experimenta in the future1 , I 

shall restrict my commenta in this chapter to the work I 

actually have done so far. 

MY additions to the experimenta are designed to provide 

concrete operational experiences where the PSSC course has 

provided forma! operational material incapable of being 

effectively assimilated by my students. As I mentioned 1n 

the last chapter, the additions are not meant to supplant the 

regular demonstrations wh1ch normally are given students in 

the course of a presentation in class. Rather, these extra 

experimenta exist either to motivate the students to investi­

gate further a phenomenon or concept contained within the 

standard lab or they exist to clarify the students• under-

standing of the PSSC lab when they eventually perform it. As 

1t stands, the PSSC lab manual makes no attempt at placing 

1ts curriculum W1th1n the larger life context. As described 

1 
For example, "Young•s Exper1ment•, "The Force Between 

Two Charged Spheres•, and "Randomness 1n Radioactive Decay", 
all of which I feel would be more effective W1th the addition 
of preliminary material. 
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in chapter J, if students are to learn, they require a setting 

or a framework w1 thin whieh to place new information. The 

PSSC curriculum appears to assume the students already have 

this framework; it has been my experience they do not. 

Rather than leaving my students at my merey, having to acoept 

my esoteric view of how their work all fits 1nto some impor­

tant 11fe sequence, I have chosen to try to provide them with 

the kind of material wh1eh will allow them to construet their 

own framework w1thin whieh to place new information. 

!XPeriment No. l, "Analysis of an Exper1ment" 

When a student opens his PSSC lab manual to EXPeriment 

No. 1, he is faced W1th "Analysis of an Exper1ment" (see 

Appendix B), a lab llhich asks students to mathematioally 

synthesize information, a process far above the operat1onal 

level of the student just beg1nning gre.de 10, and 11kely above 

the level of most students starting grade 11. Speeifically, 

1t asks the student "to present and ana~yse these resulta 

1n a form which will enable you to predict the outeome of 

s1milar experimenta•. Admirable as the lab's intent may be, 

it has been the experience of myself and of every PSSC teacher 

with whom I have conferred, that students are incapable of 

fulfilling the lab's request. They ne1ther have exper1enced 

flu1d dynam1cs as an overtly recognized phJSical phenomenon 

nor have they exper1enced 1t on a theoret1cal level; ne1ther 

have they the computa.t1onal ak1lls w1 th wh1eh to sat1sfy the 

la b. 
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This lab is not a lab, therefore, which draws on a 

student•s present knowledge or understanding, but instead it 

calls on the student to exercise what are minimal computa­

tional skills and problem solving abilities: "minimal" 

because he is still but half-way through his high school 

years and yet has much to learn in mathematics, and because, 

after a summer of supposed mathematical inactivity, what 

skills he does have are more than a little rusty. From this 

rather shaky ground the student then is asked to further 

abstract the information by evaluating his findings by graph­

ical analysis. 

Since this Experiment No. l is a "dry lab" where the 

relationships of flow rate out of a container is given as a 

function of height and opening diameter, how can the student 

be asked to generalize on the data when he is not necessarily 

convinced that there should be a relationship? 

Whereas the stated aims of the lab are worthwhile goals, 

as a teacher I must confess that those stated aims are to be 

hoped for by the end of the school year rather than ~the 

outset. It is the object of the course to develop the required 

abilit1es, not to assume them at the outset. The method chosen, 

and the sequence of the labs is unfortunate, because students 

react negati v ely toward the labs from th en on. "PSSC la,bs 

are impossibly difficult" is a typical reaction heard from 

students attempting this lab as their introduction to the 
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whole course. They have been initially exposed to PSSC 

Physics on a decidedly negative note. Any attempt to change 

this view is an uphill battle the rest of the yea.r. What 

possible enticement toward further study can be offered the 

student, having been confronted at the outset with such an 

impossibly formidable task? 

It would seem obvious that such a lab exercise as this 

experiment No. 1 never should be thrust upon a student with­

out some prior background preparation. One asks what is done 

generally by teachers to prepare their students for this 

particular lab, and what ~be done in the spirit of an 

experiment oriented programme? On attempting to discover the 

answers to these questions I found that, a.s described in 

Ohapter 4, rather than trying to prepare their students in 

such a way that they could deal profitably with this lab, 

teachers generally have been omitting this lab altogether, 

or sometimes substituting it with a "lesson", rather than an 

experiment. This is unfortunate, since it has been my 

experience that this need not be an impossible lab, that 

indeed valuable lessons can be learned from it by the student 

if this lab is prefaced by suitable material. 

A Pre-Lab to Experiment No. 1, "Ana.lysis of an Experiment" 

The following has been specifically developed to overcome 

the present PSSC shortcomings by introducing students in a 

more natural and satisfy1ng manner to their PSSC programme: 



53 

natural in that it allows for the sequence of learn1ng as 

outl1ned in chapter 3, and satisfying in that 1t allows the 

student a sense of self-motivation leading to genuine dis­

covery on his part. It also attempts to draw the student into 

an acceptance of the experimental approach as consequential. 

Whereas any medium may have been chosen, I chose to use water 

and a set-up not unlike that with which experiment no. 1 

àeals, in the hope that students would transfer the experience 

and see the significance of experiment no. 1 once they moved 

on to deal with 1t. 

My first class in physics consista of a discussion of 

the meaning and measurement of various quantities; temperature, 

weight, time, reaction t1me and the like, illustrated with 

equipment. At this session I try to impress on the students 

not only the power of observation, but also the shortcomings 

of various means of measurement. For homework the students 

are g1ven the following instructions: 

"Fill the kitchen sink and measure the 

time it takes to empty. Try this several 

times. Fill the sink half as full and 

measure the time 1t takes to empty. F111 

the sink, put the grid from an ice cube 

tray over the outlet and measure the time 

it takes to empty. Try swirling the water 

in either direction to see if the sense of 



rotation makes any difference in the 

time it takes to empty. Keep some kind 

of record." 
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The instructions are verbal, and not written on the 

board. There is no need. The students can all visualize the 

scene in the kitchen or bathtub where the experiment is 

go1ng to be carried out. There is no abstract action, only 

cur1os1ty. What 1s this physics th1ng all about anyway? 

Why the 1ce cube tray? As they shuffle out of the classroom 

there is animated chatter and the extremiste in the group 

are already d1scussing how they will swirl the water fast 

enough so that none will go down the drain. Students are 

feeling confident, and physics is ga1ning acceptance. 

The next class usually starts noisily because people 

have data which they can compare, speculate over, and argue 

about. "How come your time to empty is so loW?" "What did 

you use instead of the ice cube tray?" "A wire screen is no 

good." As far as I am conoerned there is absolutely no doubt 

that the PSSC course is now in progress. There is no form­

ality. No one has the "wrong" resulta. Every experiment, 

although supposedly they all measured the same thing, has 

turned out differently. 

Quite naturally students compare each other•s data and 

attempt to isolate the causes for their times being different. 
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We draw sketches of the vortex in the hole and the 

students suggest that when there is air go1ng down the 

drain, there is no water go1ng down. The role of the 1ce 

cube grid is obvious to the students when they look at the 

empty1ng times w1th and without the gr1d. 

Because they are 1ntr1gued by the effect of a flow 

stra1ghtener1 an excellent opportunity 1s presented to 

develop further their grasp of fluid dynamics. This develop-

ment appears unplanned to the students, but the stage for 1t 

has been quite deliberately set. It 1s in fact an effective 

way to get the students to accept the idea of getting their 

hands .involved 1n "doing" phys1cs. 

over a 3 or 4 lesson per1od I 1ntroduce a series of 

activ1t1es wh1ch g1ve the students experience in performing 

phys1cs experimenta while at the same time developing their 

awareness of flu1d dynam1cs. 

Using cans with holes in the bottom center (eqû1pment 

borrowed from other physics courses intended to 1nvest1gate 

the length of sound waves in air) students are asked to 

fill the cans and then allow the water to run out, paying 

specifie attention to the vorteces as the water sw1rls out 

1 
vanes or baffles projecting over 

inlets or outlets, across the diameter 
of the opening. 



of the can. They are asked to do it again; this time adding 

a drop of dye to the vortex. Because they see the drop of 

dye change its shape I raise the question of what mu~be 

happening to cause the shape to change. Since they all can 

see that 1n fact the inside of the vortex is turning raster 

than the outside, causing the dye to change its shape, the 

question arises as to why. The next step is to show them a 

rubber sheet spread over a 70 x 70 cm frame. Under the sheet's 

center I have attached a pin by which the rubber is pulled 

down. This arrangement results in approximately a l/r2 

surface. This surface now allows students to inject marbles 

into orbit and students see that the inner orbits have a 

lower period. They thus can see that the vortex•s shape, 

analogous to the rubber sheet•s surface, is such as to cause 

this difference in period. 

Students in this experimental demonstration are now 

ready to answer some sophisticated questions. Asked what 

would happen to the motion of the ball if it were slowed 

by friction, they read1ly answer that the ball would go 

qu1ckly to the center of the depression. can they see now 

the role of the 1ce cube gr1d? 

"Why yesJ" 

"What do you think would happen if we were to speed 

up the swirling motion?" 

"Of course nothing would go down the drain." 

"Does the direction of rotation metter?" 
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"No." 

"What do you think will happen to the amount of air 

delivered by a fan if vanes are used on each side of the 

fan to prevent any swirling motion?" 

"More air will be delivered." 

"From what you now know, list your criteria for the 

design of a container from which liquid will flow at the 

fastest possible rate." 

"Well, vanes to prevent swirling. A big opening." 

At this point I am always intrigued by the fact that 

students do not mention a tall container. They have been 

looking for all other factors affecting the outflow rate 

and they have overlooked the very one factor that Experiment 

No. 1 takes for granted as being known. At this point I ask 

one leading question, "Will water flow out more quickly if 

the hole is at the top or bottom of a container?" Most 

immediately admit that height is a controlling factor as 

well. 

Next I develop the appli­

cation of this swirling action 

found near outlets. The pro­

cedure 1s roughly as follows: 

"Ima,gine a machine as indi­

cated in the diagram. The machine 
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has a wheel with blades inside a closed container, and the 

wheel is driven by a motor. If 'A' and 'B' are openings, 

will 'A' be an intake or an exhaust? Will 'B' be an intake 

or an exhaust? Why? What function could this machine serve?" 

At this point some students will reeognize the machine 

as being some sort of pump. The class is reminded of a hair 

drier (if a student fails to think of it, I mention it myself) 

and suddenly a look of recognition spreads over the faces in 

the class. 

Since there was no problem identifying;intakes and 

exhausts in the previous case, I ask what the intake would 

be if the wheel instead of being powered were to produce 

power. 

"What will happen to the fluid entering the port of 

your choice? In what circumstances does one find a machine 

functioning in this manner?" 

Most students find this last question difficult so I 

lead the discussion toward generating turbines. The homework 

assignment for that day is to look up and find out something 

about the different types of turbines and their application. 

For the next class I have the current surface weather 

map taped to the blackboard, having obtained it from the 
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Montreal weather office. 

students are told that the highs and lows marked on 

the map are pressures, and are represented on our rubber 

sheet1 which we used in an earlier lesson and are using once 

again, as h1gh and low heights, just as the names suggest. 

The 11nes on the map are descr1bed as being contour lines, 

something with which many are familiar from their work in 

geography. 

"If we release a ball on the rubber sheet, wh1ch way 

will 1t roll?" 

"Downhill." 

"If for some reason the ball 1s g1ven a s1deways push 

as it 1s being released, 

where will it go?" 

"Into an orb1t. 11 

"Come and have a look 

at the map and look at the 

alignment of the arrows 

which represent the w1nd 

direction. What do you no-

ti ce?" 

"They follow the lines." 

"Exactly?" 

"No, slightly inward." 

1 
See p.56 

WEAWER MAP FEATURE 
\JI NO 
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Conversations with my students in 10 different classes 

have followed this pattern without variation as we work w1th 

the rubber sheet and the weather map. The development from 

this stage however, varies cons1derably, depending on questions 

students raise. Sometimes the discussion centres on the 

eyes of hurricanes, on fluid flow in pipes, or on air flow 

around objecta as indicated by snow drifts or sand dunes. 

Whatever direction the work takes at this point is 

irrelevant to me because from here on the students are 

involved in investigation out of their own curiosity, not 

because of direction from the teacher or the text. Because 

the student is beginning to be convinced that what he is 

doing is of some practical value to him, he is also gaining 

the impression that whatever hardships he will encounter, 

they will benefit him. His mental attitude towerds his new 

physics course is encouragingly positive. It is true that at 

this point the student has been brought no closer to having 

the mathematical and manipulative skills required to cope 

with Experiment No. 1 (although he has been equipped with 

some foundational physics knowledge necessary to a compre­

hension of what Experiment No. 1 is all about) but it is also 

true that having done this pre-lab work he is lesa likely to 

become d1senchanted w1th the programme upon which he 1s 

embarking even when that programme proves 1ncredibly exhaust­

ive, as will Experiment No. 1. At this point the students 

have been through four or five physics classes and there has 
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been no work all of the students have not been capable of 

do1ng, yet almost all of 1t has been lab work or some other 

sort of physics related act1v1ty. Students have had to take 

readings, draw sketches, discuss w1th fellow students and 

teacher, and have had to look at the world around them. And 

ln thelr minds, physics 1s related to that real world. 

Ultlmately the students tackle Experiment No. l in 

the manual, having had the concrete experience of my pre-

lab act1v1ties. When they do, students will understand on 

their own that, quite contrary to what the manual says about 

the rate of outflow, the flow rate is not a function of 

diameter alone, but rather the specifie design of the outlet 

1s also a factor. When they spot this it 1s obvious that 

such recognition gives them pleasure. The eventual graph1ng 

and analys1s of the data then amounts to an expression and 

representation of what they now already "know". Whereas with­

out the prior experimentation both the date and its analysis 

would have been abstract to them, a mere assumption based 

on the authorlty of the textbook, now they need concern them­

selves with the analysis only, as the title to Experiment No. 

l suggests. Although the analysis itself remains vitally 

complex for them and requires much direction from the teacher, 

their hearts are in the work at hand and they are eager to 

carry on. Students thus have come away from the total exper­

ience having learned some experimental technique in the pre­

lab, having learned that not everyone will get the same 
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results, hav1ng learned to analyse data w1th the help of 

the teacher (help only in the data•s analysis, not in the 

understanding of the experiment), and having had the added 

benefit of understanding how centrifugal pumps, turbines, and 

air masses work and move. The impression left With the stu­

dents is that there has been a point to it all; and the class 

tone, one of serious excitement, reflects involvement. This 

contrasta sharply to the f1rst time I had students do Exper1-

ment No. 1 w1thout any sort of lead-1n. At that t1me it 

was obvious by the long faces and defeatist attitudes that 

the exper1ment had succeeded 1n re1nforc1ng their beliefs 

that physics is impossible; some were even prompted to request 

a course change. 

It would appear from the fact that other teachers have 

abandoned this lab altogether that my 1nit1al experience 

with this particular experiment is a un1versally shared one. 

As the foregoing has shown, it need not be. 

Extra-Labs ln Wave Motion 

Students find the lab work on wave motion generally 

tedlous. Teachers and physicists recognize the need for stu­

dents to be lntroduced into the wave-particle duality of 

matter; in fact, the PSSC course was speclflcally aimed at 

this. A problem arises, however, when students not only find 

the subject matter lntensely d1fficult but they fail too to 

see any direction to thelr learn1ng. Why are they learning 
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all this? To where does it all lead? Quantum mechanics is 

a field too complex for the beginner to digest, yet somehow 

he must be exposed to it without sacrificing the positive 

relationships between student and subject matter so carefully 

built up in the early sessions of the course. The fact that 

this portion of the course comprises for grade 10 students 

close to half the year's work and for grade 11 students a 

quarter of their year's work makes it impossible to glosa 

over the section hurriedly in the hope that the next tapies 

will prove more;~palatable or exci ting to the class. The labs 

must be faced, but in auch a manner as to hold the student's 

interest. The PSSC course, as it stands, falls to do this. 

Most negative commenta concerning lab work on course 

evaluation questionnaires I have given out, pertain to lab 

work on wave motion. 1 Students remain unconvinced that such 

an in-depth study is required in arder to understand the 

optical phenomena they are observing. They are, in fact, 

unable to see the forest {physics) for all the trees (labs). 

They abject to auch detailed study since they see no ultimate 

goal. Telling them that the wonders of quantum physics will 

unfold before them if they will only pursue these labs is 

poor motivation and very authoritarian, the very thing the 

PSSC course is trying to avoid in its open-ended approach. 

Unfortunately too, the nature of modern physics is auch that 

1 
See p. 92 



The students are issued with 1:250,000 maps of the area 

north of Montreal, bordering the Canadian Shield. Rivers 

here are fast flowing as they leave the hills and slow when 

entering the lowland. Students acknowledge the difference 

in stream velocities, understanding somehow 1ntu1t1vely the 

role of gradient. Through my direction they dlscover that 

the fast movlng mountaln river meander wavelengths are longer 

than the river meander wavelengths in the lowlands. That, 

they say, is comparable to what happened when they tied a 

slinky to a string. In that situation the wavelength in the 

string holding the slinky was long because the pulse travel­

led quickly. On the ether hand the slinky had a slow pulse 

speed and a shcrter wavelength. The students are 1ntrigued 

to discover the lowland is a slow medium with short wave­

lengths. 

From a contour map it is not dlfficult for the students 

to derive the slope of the land in which the river flows, 

and they make an attempt at graphing the relationship between 

river meander length and the slope of the land (stream 

velocity). The idea of measuring the more easily derived 

meander wavelength to find the land's slope rather than 

taking the contour interval and distance to arrive at a grad­

ient has strong appeal. Obviously wave motion as a concept 

is useful, and not merely an 1dea in a physics book. 

To complete that lab exercise in the geography lab we--
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the "geogre.phers" and I--investiga.te why i t is thet the Bey 

of Fundy has such high tides. None of them has dreamed that 

the length of the bay along with the "wavelength" of the 

tidal action combined to g1ve record tides. Aga1n, the enthu­

siasm of the students can be felt as they discover the rela­

tionship of phys1cs with yet another facet of their lives. 

After the initial shoek of taking physics out of the 

classroom students show some pride in knowing and study1ng 

this section on wave motion. Their renewed interest is 

obvious. Wave motion is not abstract or eonfined to the physics 

lab as it first appeared to be in the PSSC curriculum. Age.in, 

it has been a ma.tter of demonstrating to the students that 

the study of physics is the study of the real world around 

them, a world in which they personally play a part, a world 

whose physical realities face them every day. 

A Pre-Lab to Exper1ment No. 10, "Periodic Waves" 

S1nce the initial success of this attempt at interesting 

students in the nature of wave motion, I have been using 

further out-of-lab excursions to observe wave motion in real 

life. on one such outing just prior to Experiment No. 10, I 

take classes outdoors to have them observe the wave features 

of clouds. Certain clouds--cumulus, altocumulus and cirro­

cumulus--often e:x:hibit a periodic pattern in their arrange­

ment. Once pointed out to the students, the pattern is obvious. 

http:I--investiga.te
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I use this occasion to call on their ingenuity by asking 

them to determine the wavelength of the waves of clouds. 

Students balk at that: "You mean those clouds way up there?" 

Discussion ensues as to wha.t numbers are required so that the 

wavelength may be calculated. Eventually they decide that the 

whole thing can be solved by geometry, if only they could 

get the height of the clouds. At this point I give them the 

telephone number of the Montreal weather office, and one of 

their number scurries off to obtain the cloud height. 

Judging by the general air of anticipation, it 1s obvious 

that once again the confrontation with the real world rather 

than the world of the lab has heightened their desire to learn. 

This is not just another example in calculation alone, but 

it 1s another example of wave motion 1n our surroundings. 

And what do the students learn bes1des the relevance of the 

exerc1se? Bes1des discovering the answer to the question 

posed, the whole exerc1se makes obv1ous to them the effect 

of parallax in determ1n1ng the distance between clouds. It 

also demonstrates the validity of different methods of solu­

tion: some use trigonometry while ethers use scale diagrams. 

If 1t is the purpose of physics to observe, measure and 

predict events in nature the students were certa1nly doing 

physics. Moreover they were enjoy1ng the physics as well as 

the setting. 
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The follow-up to this cloudwave experiment consista of 

a half hour look at a current upper air chart which I have 

obtained from the weather office. Here I explain the long 

wave structure of the upper air flow, and, using the analogy 

of crests and troughs advancing from west to east, I tie 

this in with our repetitive weather patterns. 

The discussions do not specifically add material to 

the PSSC labs on waves in water, since they are concerned 

with a medium other than water, but the students do see how 

their studies are applicable in explaining events which 

they meet in their daily lives. Hence that very important 

ingredient is present: student interest. The cloud observa­

tion exercise as well serves to provide the student with a 

firm understanding of wave l'ength, so that when Experiment 

No. 10 is begun the only really new basic notions facing the 

student are the ideas of frequency and its measurement. This 

allows Experiment No. 10 to serve as reinforcement to the 

understanding the student already has regarding periodic 

waves. The student can now concentrate on the mechanics of 

the ripple tank experiment rather than also having to attempt 

the understanding of the physics itself. 

A Post-Lab to Experiment No. 11, "Refraction of Waves" 

I have devised a third exercise to be introduced shortly 

after the students have completed Experiment No. 11, "Refrac­

tion of Waves". This involves taking the students to a non-
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destructive testing facility on the site at Montreal 

International Airport. Prior to going I pose a problem to 

the students: how can one check the interior of a piece of 

metal? How can one find flaws in a solid piece of metal? 

Other than suggesting the use of x-rays, it has been my 

experience that the students are not able to suggest a method 

to detect interna! imperfections. To me as a teacher, having 

just had the students do a lab and textbbok exercises on 

refraction and, earlier on in their course (Experiment No. 

2), reflection, this is significant. Evidently the students 

do not and cannot transfer their new-"knowledge" of the 

properties of waves to a new situation. And neither the labs 

subsequent to Experiment No. 11 nor the textbook develops 

the topic any further toward a practical end than was done 

in Experiment No. 11. The subject simply drops from the 

students• view. Where does this leave the student? How long 

will he retain the information to which he has just been 

exposed if he does not see an application other than the 

ripple tank and thin films of oil? 

Piaget (1964: 184) uses three measurements to gauge 

whether or not real learning has occurred, the first two of 

which are, "Is this learning lasting? What remains two weeks 

or a month later?" and, "How much generalization is possible?". 

He wants to know if this is an isolated piece in the midst of 

a learner•s mental life, or is it really a dynamic structure 

which can lead to generalizations. Obviously by these measure-
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ments my students have not "learned" from the refraction and 

reflection lab and their exercises. Students have not formed 

a logical-mathematical structure from their work to enable 

them to utilize it when I pose the above question to them. 

It is for this reason I take them to the non-destructive 

testing facility. 

The aim is, then, to provide an extra-lab experience in 

the hope that, here, the information gleaned from Experiment 

No. 11 and the earlier Experiment No. 2 will find concrete 

application, and thus undergo equilibration, as Piaget would 

put it, resulting in their ability to generalize. Specifically, 

they become involved in an everyday problem where wave 

refraction and reflection are involved: the testing for 

cracks in airplane wheels. 

' 

Once inside the testing shop the students witness the 

use of ultrasonic waves for the detection of cracks. The 

testing apparatus consista of a transducer and a cathode ray 

tube read-out. The technician simply watches for anomalies 

in the reflected waves, anomalies which would be set up by 

inconsistencies within the metal. The technician shows the 

students what a normal, unflawed piece of material looks 

like on the screen, and then switches to the read-out of an 

identical piece; identical but for a crack in it. Students 

are amazed at the extent of the difference in wave-forms 

on the screen. 
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From having performed their slinky and ripple tank 

experimenta, Nos. 7 and 11, they understand the phenomenon 

of reflection of waves from interfaces. We reinforce the 

idea that however small the crack may be, it is an inter­

face; and w.aves will reflect off both sides of the crack, 

one reflection being delayed more than the other; a time 

difference revealed to them by pulse peaks appearing unevenly 

spaced on the cathode ray tube they are watching. The stu­

dents are visibly impressed by how quickly and w1th such 

certainty the technician oan check a large surface internally. 

Commente of surprise abound: •wow•, "Ever simple", "Is 

that all there is to it?". They ask questions pertaining 

to frequency of waves, and possible limits to the thicknesses 

and types of materials which can be tested. 

Since the apparatus used in testing has appeared qu1 te 

simple, the students• enthusiasm has not been whettent by the 

maze of gadgetry, but rather it appears that they are im­

pressed by the simplicity and cleanness of the entire process. 

The visit has taken just a half hour, but it has made its 

impact. 

As alwa.ys, there is the hope tha.t as a result of this 

exposure to a common, everyday application of wave phenomene, 

and as a result of their interaction with its application, 

the students will retain what they have learned and be able 

to build on it in the future. Particularly for the majority 
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of the students, who will never pursue physics at the uni­

versity level, it is important that they be given the 

exposure to extra-lab experiences dealing w1th wave motion 

such as the three I have descrlbed, since lt is my experience 

that lt ls ln these extra-labs rather than the PSSC labs 

that the biggest atrides towards internallzing the subject 

of wave motion are made. Students going on in the study of 

physics in university will have at least a second chance to 

come to grips with the topic, but for the others, this ls 

their only opportunity to build a basis of understanding. 

A Pre-Lab to Experiment No. 32, "Energy" 

The PSSC manuel and its compilation of labs is parti­

cularly unimaginative in the energy and energy conservation 

section, relying on the theory textbook to deal w1th practical 

problems. The text does a thorough job insofar as it goes; 

however it consistently uses in its examples the laboratory 

gadgets "carts" and "kilogram masses", always just hypo­

thetical objecta rather than real situations. I often wonder 

what a kilogram mass looks like in a student's mind. The 

problems in the text are a challenge but not intriguing, 

and the one and only lab provided in the manual, Exper1ment 

No. 32--"Changes in Potent1al Energy"--is dull. Since the 

concept of the conservation of energy is important in phys1cs, 

it ls very surpr1s1ng that the lab manual has only the one 

lab on the topic. Teachers w1th whom I have discussed this 

say that Exper1ment No. 32 is d1ff1cult for the students to 
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analyse, and generally is disliked by the students because 

it does not fit obvlously into work they have been dolng. 

Experiment No. 32 attempts to have the student correlate 

the spring and gravltatlonal potential energies of a sus­

pended weight. The student ls to calculate the gains in 

sprlng potential energy and the loss of gravitational poten­

tlal energy as the weight stretches a spring. (See Appendix 

B.) This should be an adequately difficult and complete 

experiment as a ;~r~~ lab on conservation. However, the 

authors insist on the student also introducing kinetic 

energy of the oscillating weight into his consideration of 

energy conservation. The way the instructions are given to 

the students invariably resulta in their focusing their 

attention on the tops and bottoms of the oscillations, mis­

slng completely the fact that the weight has a high kinetic 

energy going past the mid-point position of the oscillations. 

If this experiment were instead an ordinary string pendulum, 

the kinetic energy maximum would not be missed so easily. 

One asks if the same conservation principles could not be 

taught using a pendulum, omitting potentlal energy stored 

ln springs, but uslng instead gravitational potentlal energy 

and kinetic energy as the variables. Furthermore, there has 

yet to be a student in any of my classes who has been able to 

determine on his own why the weight should rise as high above 

the neutral position, as it was pulled down below the rest 

position. It is an interesting question, but very abstract 
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for a fifteen year old. Could the same question not be asked 

with better results if a pendulum were used for the experi­

ment? Experiment No. )2 alwa.ys strikes me as the "Dark" 

lab, because the students do it and then disappear somewhere 

into the dark,only to reappear a few days later with dis­

traught looks, asking how to go about analysing the results. 

Even when they are told where to choose the reference levels, 

they have difficulty sort1ng out the data. All indications 

are that 1t 1s far too abstract, that it 1s not a lab for 

h1gh schools, at least not unless 1t 1s most carefully pre­

faced w1th other material designed to lead the students more 

gently into 1ts arena. 

In an attempt to fulf1ll this a1m I have developed a 

lab which in my estimation also fulfills completely P1aget•s 

requ1rements of a concrete operat1onal act1vity. It is 

designed to precede Experiment No. )2 and 1s simpler for 

the student from the standpoint that only two energies are 

involved compared to the three in the PSSC exper1ment. Before 

descrlbing the lab, I would like to make it clear that stu­

dents who have had the benefit of working on the pre-lab 

have submitted write-ups for Experiment No. )2 of a dis­

tinctly higher calibre than have those who have not exper-

1enced my, pre-lab. The pre-lab students obviously have in 

the end a better understand1ng of what and why energies are 

conserved. What is more, students have found the pre-lab fun 

to do; 1t inevitably turns into a contest; and 1t appears 
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already to have inspired two boys toward a career. 1 

The pre-lab involves the development of a paper model 

airplane lab, using paper model airplanes made of Bi" x 11" 

sheets of paper. Students are g1ven instructions to build 

the ir own paper moèl els, using no more tha.n one sheet of 

paper, with a view to having the students construct thelr 

own materials with which they are going to 1nvestigate 

changes in potent1al energies. To g1ve the whole affair more 

credence to the "sophist1cated" h1gh school students I show 

them that "Scient1fic Am.erican" has held a paper model air­

plane contest, and I show them a book dep1ct1ng the winning 

designs. At the same time I show them how to calculate poten­

tial energy, glide ratio, power, and effic1ency. They will 

require these skills after the airplane l.ab when, for home-

work, they must analyse their data. The whole lab develops 

into a bona fide flight contest and students are given two 

to three days to prepare an entry. 

On the day of the contest there is an official weigh-in, 

where models are weighed to "!: O. 01 g. Two categories have 

been established: one for distance of flight and one for 

duration of flight; each entry is allowed two tries in each 

category. One of the students acts as the "standard launcher" 

to ensure that a11 planes are launched as equally as possible. 

1 
As a result of their attempts in this extra airp1ane 

1ab these boys are now planning a career in aeronautical 
engineering; specifically in flight test work. One of them is 
now building radio contro1led models. 



?6 

Some students act as timers, while others act as distance 

measurers and recordera. The whole event takes place in the 

gymnasium, the planes being launched from the balcony. 

Because of the novelty of the lab there is rouch excitement 

and confusion. V1s1tors drop in, adding their curiosity and 

interest. Watching the launching of the modela, they ask, 

"This is physics?" Data is being shouted around; the launcher 

is jovially accused of an unfair launch; an almost carnival­

like atmosphere aoounds. However, the students are very busy 

collecting the data they have been instructed to f1nd. As 

well as their a1rplanes• weights, wh1ch are already known, 

they have to find the straight-line distances of their flights 

and the duration of their flights. 

Because the longest recorded time in the air has been 

9 seconds, the whole contest does not take all that much 

time: 45 minutes is sufficient to complete 1t. The reaction 

of the students to this bit of "fun" has alwa.ys been most 

enthusiastic. 

The next time in class we diseuse the contest and give 

credit to the winners. It becomes obvious upon analysis that 

there are certain airplane shapes that will carry an airplane 

the largest distance. These airplanes, however, sacrifice 

time in the air to get that distance, reaching their destin­

ation relatively quickly. Other designs enjoy greater duration 

in the air, but do not go as far, often circling. When ques-
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tioned, the students reveal themselves to be familiar with 

the differences in wingspan design between gliders and jet 

fighters, and they are interested to see the resulta of these 

differences as they occurred in their flight contest: those 

models With the shorter w1ngs travelled the furthest and 

the fastest; the models with the longer wings moved more 

slowly but stayed up a relatively long time. The students 

have discovered that no one model can satisfy both goals of 

travelling the furthest plus remaining in flight the longest. 

The students• analyses also show that the heaviest 

models have gone the farthest, having better "penetration". 

As an analogy I go through a calculation for the students 

where I show that if a large jet airliner were to shut off 

1ts engines at 40 ooo• over Ottawa, 1t could gl1de all the 

way to Montreal. The problem here is identical to the one 

the students have part1c1pated in but it is obviously much 

more spectacular. In the 25 minutes it takes to go the 100 

miles distance, a jetliner would convert its potential energy 

1nto heat due to the friction of the air, an energy exchange 

rate that amounts to 1 400 H.P. Here again is a case where 

horsepower 1s required to fly a plane, but it is being sup­

plied not by an engine, but by the loss of potential energy 

over the time it takes the jet to descend. To my amusement, 

students do not readily accept this v1ew, yet they ultimately 

acquire some feeling for 1t, especially in view of the1r 

calculations of the horsepower required to fly their own 
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planes, a meagre 2/1 000 H.P. In this airplane lab, the stu­

dents have had to grapple with work-energy relationships, with 

losses due to friction, and they have had to accept the fact 

that their gliders required power to fly themselves. As a demon-

stration of the principle of the conservation of energy in a 

gravitational field, the lesson has been a success. 

From this introduction, the students go on to face Experi-

ment No. 32, now accepting it for what it is: another look at 

some ener.gy exchanges. The only new idea is that there are three 

energies 1nstead of two that have to be accounted for. The frame 

of mind of the students after the model fl1ght lab is so much 

1mproved, so much more receptive toward Experiment No. 32 now 

than was ever the case in previous years before I introduced 

the airplane lab, that it seems a pity it is not part of the 

official PSSC course. I do not think students find the graphical 

analysis of Experiment No. 32 any easier than before, but it has 

been my experience that not only are they more willing to 

wrestle with it now, but also "energy exchanges" definitely 

means someth1ng more to them by the end of the year than it did 

before. Certainly by Piaget•s yardstick this should be our aim. 

Demonstrations Following Experiment No. 32, 
Hchanges in Potential EnergyH 

Experiment No. 32 tries to give the students an awareness 

of energy exchanges between potential and kinetic energy. It 

does so, however, strictly w1thin the laboratory context. 

Although the students, with the help of my pre-lab, are 1ndeed 
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better aware now of the scope of energy exchanges, they still 

benefit from further examples I introduce after Experiment No. 

32. Whereas my pre-lab deals with interaction with the prin-

ciples involved in Experiment No. 32, and as such serves to 

clarify the PSSC experiment, these post-lab exercises attempt 

to show how a familiarity w1th 1ts pr1nciples can be useful in 

daily life. The emphasis 1s on the rele~ance to particular 

11fe concerna. 

The first exercise actually began as a spur of the· moment 

affa1r when, dur1ng a classroom analysis on the conservation of 

energy, our discussion led us rather accidentally into an intri-

guing bit of investigation. We had been talking about energy 

wastage when an issue which had been simmering in the back of 

my mind over a period of many months came to the fore. It had 

to do with the extent of energy wasted at stop signa on city 

streets. My class picked up the eue and together we calculated 

the energy required to accelerate my car to the legal speed 

limit in our town. We multiplied that by the number of stop 

signa I had to pass on my way to work and derived the figure 

for the energy consumed to start and stop my car. This number 

was extrapolated for the number of cars and stop signa in the 

city of Montreal and led to an incredibly large number of 

gallons (60 000) wasted at this city•s stop signs. The whole 
1 exercise was an eye opener to the students. 

It seems it was an eye opener as well to the general 
public. The classroom discussion spurred me on to write an 
article on the subject {See Appendix C ) which appeared in a 
local newspaper and then was picked up for broadcast over the 
national CBC rad1Q network. Both these arenas produced con­
siderable I1vely I·eeabacK. 
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Not only was this relevant and useful information to have 
1 

from a practical, economie, sociological , and an ecological 

point of view--and we went on to discuss these aspects--but it 

impressed on them how closely related physics is to everyday 

life, and how the tools of physics can be made to serve the 

real world. 

The next exercises to which I expose the students are 

intended to further enlarge their appreciation of energy 

exchanges. To deal w1th these exercises I invite the school's 

ecology teacher to join me in my classes to discuss the many 

chemical potential energy exchanges involved in man's food 

cycle. 

The ecology teacher reviews with the students the idea 

that the human body needs food to operate. This food, a form 

of potential energy, is stored in the body's fat. Where, he 

asks, does this food come from? The students invariably refer 

to the food source: food is grown, either in plant or animal 

form. At this point the ecology teacher takes what the students 

ultimately find a startling approach to the subject: "How much 

energy 1s burned from the time the food 1s produced to the 

time it is put on your table?" The students have not thought of 

this question before; for them, their food chain really begins 

at the grocery store. 

As a part of the discussion on the sociological impli­
cations of this information, students appreciated the quandary 
of having to weigh the pros and cons of energy wastage versus 
the lowering of traffic speeds by the use of multiple stop 
signs. 
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Having turned their minds in this direction, the ecology 

teacher introduces his environmental approach to physics by 

showing slides of energy consumption in the primitive socie­

ties of New Guinea and Nigeria. students are intrigued to learn 

that in primitive societies one calorie of energy expenditure 

in labour resulta in 15 calories of food, whereas in our tech­

nological society 3 calories are expended to derive 5 calories 
1 

of food. (An interesting philosophical discussion usually 

develops at this point concerning the relative efficiencies of 

the two types of societies.) 

As an example of our society•s values concerning this 

productivity ratio we investigate a box of corn flakes. The 

production of corn flakes is an excellent example of what our 

technological society can allow itself to do with regard to 

its food production. The student learns, for example, that corn 

flakes were developed by the Mormons as a non-food, to be con­

sumed during their religious fasts. 2 This surprises and impres­

ses them. (In a similar manner students are impressed by the 

misleading labelling on the box of corn flakes we see in the 

store: "24 grams of protein3 per 7 oz. of flakes"--an example 

of the deliberate mixing of units aimed at the unwary to 

1 
Mr. J. Lieber, the ecology teacher. His information was 

obtained from United Nations data on world food production. 
2 
Mr. J. Lieber 

3 
In an attempt to qualify corn flakes as a food 1t has 

been necessary to add minute quantities of a "food"--1n this 
case the choice bas been protein. 
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present a favourable ratio. In faot, by oaloulation it turns 

out that over three 14 oz. boxes of flakes--a total oost of 

$1.50+--would have to be oonsumed daily if the flakes were the 

only source of protein.) After determining how many boxes of 

corn flakes can be shipped in one truck, it is then determined 

that 0,07 gallons of gasoline have to be burned to deliver just 

the one box from London, Ontario to Montreal. The transport of 

the box consumes 2x103 kilocalories of energy, whereas it yields 

only 2x1o3 kilocalories of food energy. The return is equal to 

the input. Disregarding the added energy output involved in 

picking and processing the corn, packaging it, marketing it, 

buying it, and so on, all of which further diminish the sys-

tem•s eff1c1ency, it is costing in energy as much just to trans­

port it to my breakfast table as it is giving me back 1n energy 

when I eat it. This part1culsrly blatant example of our socie­

ty•s productivity ratio staggers the students. The box of corn 

flakes has served merely to open the discussion to energy ex­

changes. But now the.t the students see the need for their inves­

tigation they react eagerly when, as a phys1cs exercise, they 

are asked to trace w1th the help of the formulas 1n their text­

book, the1r daily actions 1n terms of energy consumpt1on. (See 

Append1x D.) Their concepts of energy exchanges have undergone 

some refinement since completing Experiment No. J2. 

The ecology teacher next picks up the thread of an idea 

contained within the food production lesson: that of measure-
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1 
ment and the.need for care in handling measurement data. 

Though this subject is an aside to the PSSC course, I like to 

retain these sessions as an adjunct to the course for the very 

reason that they do reinforce in a strikingly relevant way what 

we are trying to teach our physics students throughout the year: 

that they must record and interpret their data with the utmost 

care and scrupulosity. (For a description of these sessions, 

turn to Appendix E.) 

During these 3 or 4 sessions with the ecology teacher, stu-

dents have had an opportunity to put the physies material they 

are learning into a context important to their growth as indi­

viduals; they have been able to use their physics in a look at 

the quality of life. This opportunity to encourage within them 

a point of view of their physical world seems to me to be an 
2 

important step in any physics course. 

See the reference to the deliberate mixing of units, p.81. 
2An interesting sidelight to this cooperative project is 

that for one series of occasions I visited the ecology teacher's 
classes in an attempt to enrich those classes by looking at how 
physics relates to ecology. We belleved that physics is not an 
isolated entity, but linked entirely to the environment. On the 
whole this project proved unsuccessful. His classes were at the 
grade 8 level and it soon became evident that children 13-14 
years of age simply were not ready to have a sophisticated look 
at the various interdependent relationships of life. At least by 
the particular methods that we chose at that time, it appeared 
that there was an optimum time for such an integrated look at the 
world, one dictated by the maturity and experience of the 
students. 

Obviously, this lends credibility to Piaget's theory of the 
learning stages. The grade 8 students had not yet reached the 
formai operational level, nor were they likely yet capable of 
utilizing logical-mathematical operations on such new subject 
material as that whlch we were attempting to bring them. 

It is a pity we had not been introduced to Piaget before 
making the attempt. 
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Whether similar collaborations would be capable of intro­

duction into most schools' PSSC programmes is questionable. A 

majority of schools would likely have no ecology teacher for 

one thing, and no administrative provision for such collabora­

tion for another. However, it seems to me that a similar "time­

out" for expansion from the human point of v1ew on one of the 

PSSC themes--energy is a particularly apt choice--is both capa­

ble of being written 1nto the course, and important enough to 

do so. The exeroise provides, after all, both concrete rein­

forcement of pertinent subjeot matter as well as encouragement 

toward an "overview" of the physioal world--the very aims 

which have been the moving force behind all my modifications of 

the existing PSSC course. 

These, then, are the additions I have made thus far to 

the PSSC programme. The additions I have described are, quite 

naturally, those which have stood the test of just over J 

years of use by various PSSC physios classes. Not every idea 

I had suoceeded in the classroom: those which seemed in their 

first attempt to fall short of my goals, I dropped. The 

additions whioh remain seem to me to be those which most 

successfully were aimed at the students' capabilities. After 

some Ji years of experimenting with various kinds of additions 

I am more than ever convinced of the importance of "knowing 

your student and his capabilities" when designing a study 

course. Only in this way can the learning material be accu­

rately aimed to produce a successful learning experience. I 



feel that without the additions I have described, or others 

like them, the PSSC course as it stands misses its aim rather 

too often, and leaves the student behind. Insertingmy 

additions 1nto the course seems to be suff1c1ent to br1ng 

the PSSC curriculum and the students to whom 1t 1s a1med 

into proper alignment. 
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VI 

STUDENT RESPONSE TO THE PSSC ADDITIONS 

In order to determine just what effects my additions he,ve 

had on my PSSC students I have gone directly to the students 

for their impressions of the course and of how they have 1nter­

acted w1th it. I also have considered my own observations of 

their performances, comparing these to the performances of the 

students I had before I began m1 additions programme. 

In order to hear whet the students have to sa1, I have 

been issuing questionnaires to them since the 1ear 1973 when I 

began developing m1 modifica.tions. They receive their first 

questionnaire (see Appendix F) when they enter the course in 

the fall. The questionnaire obviously does not look for reac­

tions to the course, since the course is just beg1nning. 

Instead, part of its purpose is to provide data concerning the 

students• aims and skills against whieh to compare the data 

from the end of the year. It also is intended to sat1sfy my­

self of the kind of student I am dealing with, so that I might 

be better guided in des1gning my additions to the programme. 

Knowing that the PSSC course ostensibly has been designed with 

a view to preparing the more capable student to progress to 

advanced study in modern phJsies, it is crucial tome that I 

determine from the outset end before implementing and evalu­

ating my additions if indeed I am dealing with the relatively 

superior student. Whereas in the years prior to the additions 

my students experienced some major diffieulties in coping 

with the abstract PSSC material, it seems reasonable to assume 
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that, if the students ere superior intellactue.lly, these 

problems should be capable of being rectified by prov1ding my 

concrete material as a preliminary step to the more abstract 

PSSC material, a step, which, onoe taken by the students, 

should lead them with greater assurance to the PSSC levels. 

For this to be so, however, the students would have to be 

capable already of formal operational thought; in other words, 

they would have to be relatively superior intellectually. 

Enlisting Piaget•s views, (1964, 180) ~ amount of additional 

msterial would be capable of leading the student who 1s es yet 

"looked in" to conorete operations to the higher sbstract 

operations expeoted by the PSSC curriculum. The purpose of any 

of my additions must be to provide conorete activity when the 

PSSC course demanda formal activity of students who for that 

Earticular subJect area have had insufficient prior concrete 

experience to enable them to handle the subject on a formal 

lev el. 

For this resson I must know if the students in my course 

are indeed relatively superior and predisposed toward learning. 

The responses to the questionnaire (for an evaluation of 

these responses, see Appendix G ) indicate thet indeed the PSSC 

students do seem to be intellectually superior. This information 

is reassuring. If the students enrolled in my PSSC courses had 

in tact revealed themselves to be average or below average 

intellectually, any attempt on my part to provide useful 
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1 additions to the relatively formal PSSC curriculum would hElVe 

been futile. A look at the answers, however, confirme that at 

least my additions have a potential for being useful. 

2 The questionnaire I issue in May , (see Appendix H ) at 

the end of the school year, asks the students whether their 

goals for ts.king the course have been fulfilled, and how in 

general they have ree.cted to the course. When this question­

naire is distributed the students are not shown their respon-

ses to the previous fall's questionnaire. This is to ensure 

that when they reply to the question coneerning their motives 

for taking the course, and whether those motives have been 

1 
See pp. 42-44 

2 
At the time I origineted the questionnaire I had no 

idee of using its information for any purpose other than my 
own illumination. Since I was persone.lly well satisfied that 
my PSSC classes prior to my a.ttempt at modifying the course 
had encountered sufficient obstacles throughout their year to 
cause discontent, I made no special effort in my questionnaire 
to 1solate my own additions for student comment, thinking thet 
most positive reaction to the course in total would indicate 
by i tself a. •change• in at ti tude toward the PSSC course. I, of 
course, would interpret this change as be1ng as a result of my 
additions, since nothing else had ohanged, neither student 
ability, (as my fall questionnaire had shown) nor the PSSC 
course itself, nor, indeed, the teacher. This approech may 
have been sufficient for my own purposes, sinee I was thorough­
ly familier with how my previous students had fered w1thout 
the additions, but I recognize thet for the purposes of this 
peper it would be infinitely more satistying if the question­
naire had included specifie mention of my additions. However, 
t:Jnee the questionne .. ire wa.s in opere.t1on I felt tha.t for the 
sake of continu1 ty and val1d compa.rison of responses from one 
year to the next, I had better reta1n the questionnaire in 
its original form. There~are, as we shall see however, enough 
unsolicited references made to my additions by the students 
to justify a look at their responses here. 
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fulfilled, their responses might better reflect their actual 

thinking at that time. 

Most of the students in their answers to my questionnaire 

seem to retain an idea of their goals in the course consistent 

with what they originally thought those aims to be. Approxi­

mately 95% feel the course has fulfilled these requirements. 

(See Appendix I.) 

The question "Bave your motives for taking physics been 

satisfied?" has on occasion, however, produced answers whieh 

begin in the negative and then in their elaboration continue 

in a vein suggesting that their answer really is positive. 

For exa.mple, "No, I find now that I want to continue my educa­

tion in physics so I oan learn more." The elaboration suggests 

that the student has round physics interesting enough to want 

to pursue its study--definitely a positive feature. Yet he has 

answered, "No•. Recognizing thet the question leeves room for 

this kind of confusion in the enswer, it still has been 

neoessary in order to retain continuity throughout the three 

years to retain the faulty question as well. I have had to 

settle instead on interpreting the answers whenever necessary, 

in such a way that the type of answer outlined above can be 

accepted as a "Yes• rather than a "No" answer. 

In conneotion With the students' response as to the rela­

tive values of var1ous parts of their total physies exposure 
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one must note the responses to question no. J, (see Appendix J) 

"Which of the aotivities did you find most benefioial toward 

realizing your goals?". This is a direct question to the stu­

dents whioh demanda tha.t they look at their personal objectives, 

and then the course, and give a statement which is a kind of 

evaluation of the course•s general relevance to their own needs. 

The responses to this question no. J are generally identi­

cal for all four of my PSSC classes. The breakdown of what has 
1,2 

been oonsidered most useful by the PSSC students is as follows: 

Labs Class Discussion Demonstra.tions 

45% 25% 25% 

Reviewing Text Problems 
Problems 

2% 2% 

It 1s d1ffioult from the responses given by the students 

to determine whet they mean when they wrlte "labs" as the most 

beneficlal aotivity. Although some students mention my add1t1onal 

labs speoifically, (for example, "Atom1c Physics and paper air­

planes", "The paper airplane and other extra labs") do the other 

students mean the PSSC labs, the extra-labs, or both? This is 

unclear. However, later on in enswer to question no. 9 (see 

Appendix H) a Physios 552 olass mentioned that they would have 

! 
The terms used in the head1nts are the students' own, 

having used these terms in their answers. 
2 

Wherees half the students claim they have taken the course 
to satisfy CEGEP entrance requirements, it is interest1ng that 
none of the responses to this partlcular question mentions 
class test$t exam rev1ews, and exam preparation sessions held, 
which would have served the students most directly in that 
respect. 
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liked more labs. This happened to be a particular class which, 

while I was still developing my extra-lab programme did not 

get my full repertoire of extra-lab work. As opposed to 22% of 

those PSSC classes receiving the complete extra-lab programme 

who indicated they would 11ke to have more lab experience, 65% 

of the stud:ents in that "deprived" class desired more labs. It 

would seem the "deprived" class felt more keenly the lack of 

suff1c1ent additional lab material. Correlating this informa­

tion w1th that from question no. J it is reasonable to assume 

thet my extra-labs were round useful. certainly i t is accura.te 

to say that students generally seem to sense that lab activ1ty 

1s of most use to them. 

"Class discussion• most probably relates to these occasions 

when highly active 1nterplay between student and teacher occurs 

on a particular point, or when there is a spontaneous contro­

versy or debate. "Demonstrations• may aga1n mean either PSSC 

demonstrations, my extra-lab demonstrations, or both. Aga.in, 

however, a significant proportion of students specify my 

added material in their answers. I presume from the commenta 

the students make that these classroom discussions and demonstra­

tions are thought of as separate from the general lesson pre­

sentation. Students feel they thrive on these occasions when I 

appear to deviate from my planned material and launch into an 

aside, though as shown in the last chapter, some of these 

•iapromptu• excursions have in fact been premeditated as part 

of my extra-lab activity. It is likely, however, that when they 

http:accura.te
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feel an activity is impromptu they feel at the same time that 

they are participating more fully; they are part of a rea.l 

happening. A large percentage of students preferred this 

"natural" form of concrete activity. 

To question no. 4, "Which of the activities throughout the 

year do you feel were irrelevant from the point of view of your 

goals?" 22~ of the students had no comment. 42% replieà, "None". 

If 1t is assumed that the 22% who left a blank after the ques­

tion dià so because they had no strong feelings about anything 

having been irrelevant, this would in fact mean that 64% of the 

students answered, "None". 14% mentioned •ve motion and light. 

However, of this 14% response, 10% came from students in grade 

10 452 classes1 and the remain1ng 4% came from the grade 11 PSSC 

classes. In the grade 10 PSSC 452 class virtually the whole 

first half of the1r year (5 months) 1s spent on the top1c of 

wave motion and 11ght, as opposed to the first quarter of the 

grade 11 year (2i months) spent on the seme subject. It is not 

surprising then that hav1ng to spend such a major portion of 

the1r year on what all PSSC students f1nd a very diff1cult top1c 

leaves many 1n the Phys1cs 452 class somewhat disenchanted. Not 

only do they spend more months on the subject, but et no 

1 
This class, it must be remembered, stuàies the PSSC course 

over a per1od of 2 years, unlike all the other PSSC classes 
wh1ch take just the one year to complete the curriculum. 
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time in their year do they have the opportunity to see the 

application of its principles in atomic physics which is 

featured at the end of the PSSC course--in their case, the 

end of the follow1ng year, after they answer this questionnaire. 

By the time the grade 11 PSSC students answer this question­

naire they already have studied atomic physics, and thus 

have had an opportunity to realize that their earlier wave 

motion study can have its relevance. For these reasons it is 

perhaps invalid to include the Physics 452 answers to this 

particular question, at leetst insofar as the answers pertain 

to wave motion. 

Another activity coming under fire is the work centred 

around the PSSC textbook--some 14% chose it as being irrele­

vant to their goals. 10% spec1fied the text•s exeroises were 

irrelevant, and the other 4% complained of the actual reading 

of the text. Interestingly enough, the percentage from grade 

11•s alone who fail to appreciate the text is not lower, as 

one might expect, but higher than the·overall percentager 

19% of the grade 11 PSSC students are dissatisfied w1th 1t. 

(This mirrors the data derived from question no. 10, •suggest 

what you woUld like to do lesa•, where, apart from the 47% 

who w·ould not cha.nge anyth1ng, the only act1v1ties which 

received a vote h1gher than 9.%--which referred to tests--were 

the activities of reading and working on the textbook exer­

cises: these received a vote of 2J%•) 

With auch a large percentage ( 64%) agreeing that none 
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of the course was irrelevant, and miscellaneous "irrelevant" 

items spread about to take up 8% of the votes, and wave 

motion and light perhaps being disqualified as a source of 

irrelevancy or at least reduced to a 4% vote (due to the 

circumstances mentioned above) this leaves the PSSC text in 

the somewhat dubious position of being winner of the irrele­

vancy award. Definitely the students are least stirred by 

abstract book work, and as the high percentage expressing 

satisfaction w1th the course would indicate, they do find 

lab and other concrete activities usefu1. 1 Data from this 

question, then, supports the data collected from question 

no. ), discussed a moment ago. 

Question no. 1), "How do you feel about the demonstra­

tions?", was aimed directly at the background and fill 

material for the labs and theoretical work in the text as 

they were provided in the PSSC Teacher•s Guide and also by 

my own additional demonstrations. commenta on this question 

were candidt 

"I real~y 11ke4 the demonstrations and felt I learned 

more from them than the lessons.• (Again, note the implied 

separation ot demonstrations and !essons.) "Fine.• "I wish 

there were more.• "Good, informative.• "A great way to learn 

and appreciate a fact--not enoughl" •ver1 helpful." "Easier 

to understand than reading.• 

1 
This information 1s not at all surpris1ng and in fact 

supports the PSSC curriculum's eaphas1s on lab activity. 
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Other than that there were not enough, there waa not a 

single negative comment concerning the demonstrations. either 

those suggested by the PSSC Teacher•s GUide or my own. In a 

sense that is curious sinee not all my demonstrations were 

equally successful and a number whieh were spur of the moment 

affaira did not involve the students other than as observera. 

Yet, as mentioned earlier, students apparently much apprec­

iate the feeling of spontaneity whieh is possible to create 

in demonstrations--even those which in tact have been planned. 

There is a kind of excitement in a class when an argument is 

started ~rten deliberately), everyone becomes embroiled in it, 

and an experiment is set up to prove and settle things to 

everyone•s satisfaction. The responses to this question again 

reinforce the data from question no. J, wherein I concluded 

students highly appreciate this natural torm ot concrete 

activity. 

There 1s no doubt left by the students• answers to their 

May questionnaires that they have responded most positively 

to concrete activity as a meams of learn1ng. This response 

can only conf1rm that the PSSG course•s emphas1s on lab 

activity is appropriate. The students found this emphasis 

satistying and pleasurable, often to the extent of motivat­

ing those who were not thus mœtivated before to consider 

further physics study in the future. As well, and 1ncluded 

in this appreciation, there have been a sign1f1cant number 

of responses specitying that my additional work has been use-



ful. The students have claimed both to have enjoyed the 

additions and benefitted from them. 
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It remains to look to my ow.n impressions now to see if 

they conf1rm what the students have said. In order to judge 

how the students in fact have responded to my work, I have 

taken care to observe their overt reactions as well ·as their 

actual performance with the additional material. At all times 

it has been necessary to judge how those reactions and per-

formances have compared to students• reactions and performances 

before I began adding material. Certain questions have had 

to be answeredr for example, are the students enjoying their 

learning material?1 In those areas where originally my students 

were expèriencing difficult1es with the existing PSSC course: 

are the students now succeeding in their assignments? Are 

they answering synthetic questions thoughtfully and intel­

ligently? Are they asking pertinent and thoughtful questions? 

Are they retaining what they are learning? Are they showing 

they can apply their new knowledge in new areas? In other 

words, can they be creative with their new knowledge? 

Through general observation, persona! interaction with 

the students, and through evaluation of the students• lab-

oratory performance I have been able to determine that those 

students to whom I have taught my enriched PSSC course have 

1 
This question of enjoyment is not as superficial as it 

might seem. It is significantly linked to the subject of 
motivation, which as we have discussed before is necessary 
for "real learn1ng" to occur. 
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achieved more satisfactorily as a group in all areas of ques-

tioning mentioned above than have those students as a group 

to whom I have ta.ught the official, unadorned PSSC course. 

It is my assumption that it is the additions which account 

for the differences, an assumption not altogether too pre­

sumptuous, since it is improbable statist1oally that over 

the .31 year period in which I was developing my modifications 

I was dealing consistently with students of a higher opera­

tional level than were those I taught prior to my innovations. 

Indeed, student responses to fall questionnaires seem to 

indicate that the course attrscts a uniformly high calibre of 

student each year. Further, when my additions followed rather 

than preceded a troublesome PSSC srea, the students who took 

my enriched course experienced the same kinds of problems 

in performing and analysing the PSSC experimenta, or the same 

absence of real learning as had my fermer PSSC students. once 

the post-lab additions hed been handled, however, most of 
1 

these problems were solved quite satisfactorily. Certainly, 

in talking and otherwise interacting with all my students, 

those "before" and "after" my additions, it is my distinct 

impression that those students who have been exposed to my 

additions have acquired e "feel" for physics, its aims, its 

language, and its problems that is of quite a higher order 

than have the others. 

See pp. 68-71, 78-82 
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Judged, then, from both the students• point of v1ew and 

from my own observations, my extra-labs have helped to pro­

vide the proper env1ronment for real learning to occur. They 

have ensured an opportun1ty for concrete, relevant act1vit7 

wh1oh has enhanoed the PSSC programme for my students 

s1gn1f1cantly. 
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CONCLUSION 

F1ve years have gone by s1nce I started teach1ng the 

PSSC Phys1cs course and 1n that t1me I have taught 20 PSSC 

classes. Approx1mately 12 of these have been exposed to my 

extra-lab programme. No two of these classes have been the 

same, yet they have all been enjoyable, and 1n my v1ew, 

successful. However, what effect I have had on the students 

1nd1v1dually I will never know. 

BY the def1n1t1on of the purpose of my enrichment pro­

gramme, to maximize the learning potential of the student, 

my programme exista to enhance the students• learning and 

development. The full effects will not appear until some 

time 1n the future and at that point cause-effect relation­

sh1p will be difficult to retrace. As well, if Piaget is 

right, 1ntelleetual development is age dependent so that 

the overall effect of a specifie activity on the student•s 

operational level may not be measurably altered in the year 

or two during which the student is exposed to my enriched 

programme. Yet the programme may have been profoundly effect­

ive. 

In every class of every year there have been suocesses 

and fa1lures. On the negative side have been my own feelings 

of not hav1ng tried as many things with the students as I 

would have liked, sometimes because of student disinterest, 

sometimes because of my own personal preoccupation. There is 
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that feeling of, "Did I aim for too much?" "Have I settled 

for too little?" Yet I do have the feeling that the enriched 

classes have been more meaningful and enjoyable to my stu­

dents as well as myself than the PSSC course was Without the 

extra-labs. The programme, moreover, has worked, and the 

students have been interested. Yet I recognize that ethers 

attempting the same extra-labs might not experience the same 

resulta, given different schools, social backgrounds, and a 

different teacher. 

The only oonorete evidence of the suocess of the extra­

lab work which I can offer is the evidence of my students• 

behaviour: how they behaved during my enr1chment sessions 

as opposed to how they behaved before I began to provide this 

extra work. Their increased fam1liarity w1th the apparatus 

and with relevant ideas, gained in the extra-lab situations, 

appeared to greatly enhance their interest and efficiency 

when the students were asked to investigate and generalize 

a subjeet further. 

Since I believe this type of reaction to be related to 

real learning, I am satisfied that my extra-lab programme has 

served a useful purpose in encouraging the processes of 

equilibration and cognitive development 1n my students. 
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GRAPH FOR ESTIMATING READABILITY - Ed Fry 
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DIRECTIONS: Randomly select 3 one hundred ward passages from a book or an 
article. Plot average number of syllables and average number 

EXAMPLE:· 

of sentences per lOO.words on graph to determine the grade level 
of the "material. Choose more passages per book if great varia­
bility is observed and conclude that the book has tmeven·read­
ability. Few books will fall in gray area but when they do grade 
level scores are invalid. 

lst Hundred Words 
2nd H1mdred Words 
3rd Hundred Words 

AVERAGE 

SYLLABLES 

124 
141 
158 

141 

SFJITF:NCES 

6.6 
5.5 
6.8 

6.3 

READABILITY 7th GRADE ( see dot plotted on graph) 

If passage is less th an l 00 words in total, count the m.tml)er of words, sen­
tences and syllables then put into the following ratio: lOOS = sAPH. 

w 
Where S = sentences or syllables. W = number of words. sAPH = the number of 
sentences or syllables as per hundred words. 

Sample: 45 words; 63 syllables; 28 sentences. 
syllables sAPH 131; sentences sAPH =: 5.3; grade level =mid 7. 

For further information and validity data see the April~ 1968 Journal of 
Reading_ and the March, 1969 Reading Teàcher. 



Analysis of an 
Experiment 

APPF~'DIX B 

1 

The presentation and analysis of experimental results is an essential part of 
physics. In Table 1 are the results of an experiment. Y ou are asked to present 
and analyze these results in a form which will enable you to predict the out­
come of similar experiments. 

The experiment was an investigation of the time it takes water to pour out 
of a cao through a. ho le in the bottom. As you would expect, this time depends 
on the size of the nole and the amou nt of water in the cao. · 

To find tbe depençlence on the si1.e of the hole, four large cylindrical con­
. tainers of water of the same size were emptied through relatively smaU circular 
openings of different diameters. To find the dependence on the amount of 
water, the same containers were filled to different heights. 

Each measurement was repeatcd severa] times, and the average.c; of the 
times (in seconds) that each conta!ner took to empty have been entered in the 
table. A stop watch operated by a human band cannot be trusted to measure 
less than a tenth of a second. The last digit in each time entry in the table may 
be in error by one unit either way. Therefore, the relative (or fractional) error 
is larger for shorter times than forlonger times . 

. h 
in cm 

30.0 10.0 4.0 to 
d 

in cm 

1.5 73.0 43.5 26.7 13.5 
2.0 41.2 23.7 15.0 7.2 
3.0 18.4 10.5 6.8 3.7 
5.0 6.8 3.9 2.2 1.5 Table 1 

Times to Empty (sec) 

Ail the information we shaH use is in the table, but a graphical pré!entation 
will enabJeus to make predictions and will greatly facilitate the discovery of 
mathematical relation.ships. 

First, plot the time versus the diameter of the opening for a constant height, 
say 30.0 cm. It is customary to mark the independent variable (in this case, the 
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diamctcr d) on the horizontal axis and the dependent variable (here the time 
t) <m the vertical axis. To gct maximum accuracy on your plot, you will wish 
the curve to ex.tend across the whole sheet of paper. Choose your scales on 
the two axes accordingly, without making them awkward to read. 

Connect the points by a smooth curve. Is there just one way of doing this? 
From your curve, how accurately can you predict the lime it would take to 
empty the same container if the diameter of the opening was 4.0 çm? 8.0 cm? 

Although you can use the curve to interpolate between your measurements 
and roughly extrapolate beyond them, you have not yet found an àlgebraic ex­
pression for the relationship between t and d. From your graph you can see 
that t decreases rather rapidly with d; this suggests some inverse relationship. 
Furthermore, you may argue that the time of flow should be simply related to 
the arca of the opening, since the largcr the area of the opening, the more 
water wiJI flow through it in the same time. This suggests trying a plot of t 
versusl/d 2• 

To do this, add a column for the values of 1/ d· 2 in your notebook and, a gain 
choosing a convenient sc ale, plot t versus 1 / d 2 and connect the points with a 
smooth curve. What do you find? Was your conjecture correct? Can you 
write down the algebraic relation between t and d for the particular height of ·. 
waterused? 

To find whether this kind of relationship between t and d also holds when 
the container is filled to different heights, on the same sheet of graph paper plot 
the graphs of 1 versus 1 fd 2 for the othcr hcights. What do you conclude? 

Notice th at the graph for h = J .0 cm ex tends upward very slightly. Make 
a special plot of these data on a larger time scale so that you will use the whole 
sheet. What do you observe? On the basis of your data, what can you say 
about the algebraic relation between t and d for h = 1.0 cm? 

Now investigate the dependence of t on h when the diameter of the opening 
stays fixed. Take the case of d = 1.5 cm, which is the firs,t row. Make a plot 
in which h wiJJ be marked on the horizontàl axis and connect your points by 
a curve. Extrapolate the curve toward the origin. Does it pass through it'? 
Would you expect it to do so? 

How can you use your plots of t versus 1/ d 2 to predict t for h = 20.0 cm and 
d = 4.0cm? 

There is no simple geometrie consideration to guide us to the right mathe­
matical relation between t and h. Y ou can try to guess it from the curve. It 
may be helpful to rotate the graph paper through 90° and look first at h as a 
function oft, and.then at tas a function of h. If you succeed, check by proper. 
graphing to see if the same kind of relation between t and h holds for d = 
5.0cm. 

If you are familiar with logarithms, you can check to see if the relation be­
longs to a gèneral class of relations, su ch as, a.Power law, t oc hn. To do this, 
plot log t versus log h (or simpJy 1 versus h on log-log paper). What do you 
obtain? What is the value of n? 

Can you find the general expression for timc of flow as a function of both h 
and d? · Calculate t for h = 20.0 cm and d = 4.0 cm and compare the answer 
with that found graphically. Which do you think is more reliable? 
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Changes in 
Potential Energy 

Hang a spring from a ringstanu anu · attach a mass of about one kilogram to 
it. Lift the mass a few ccntimeters above its rest position and let it fall. At the 
top and bottom of its motion it is at rest. When the mass is at the bottom of its 
motion, its energy is stored in the spring. At the top of its inotion its energy is 
storcd in the gravitational field. Compare the change in gravitationàl energy 
with the change in potential energy stored in the spring. 

Y ou can fi nd the change in potential cncrgy of the spring when it is stretched 
a distance 11x from x, to x2 by çakulating the work donc in stretching it from 
x1 to Xz (Fig. l). The change in gravitational potcntial encrgy when the n1ass 
falls this sa mc distance Ax can be fou nd by calculating the work donc in lifting 
the nwss through the distance Ax. Y ou can thcn compare the gravitational 
encrgy lost as the mass falls from rest to its Jowest point with the spring cnergy 
gaincd as the spring stretches. 

Figure 1 
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To find the potential encrgy of the spring, we first find how the extension x 
of the spring is related to the force that stretches it. (If you are using the same 
spring as in Ex periment 25, you may use the information you obtained then.) 
Hang known masses up to a maximum of about 1.5 kg on the end of the spring 
and find the extension x in meters as a function of the force F in newtons. Plot 
a graph of x as a function of F. Is F proportional to x for this spring in the 
range of your mcasurcmcnts? 

If your graph is a straight line, find the spring constant k = !!_ from the 
x 

slope and write down the potcntial energy function of the spring; that is, the 
equation for the energy stored in the spring as a function of the extension of 
the spring. How can you find the potential energy stored in the spring for a 
given extension if your graph is not a straight line? · · 

Now hang a one-kilogram mass on the spring and support it with your hand 
so the spring ex tends about 20 cm more th an its natural length when hanging 
without the mass. Use clothespins clamped to the ringstand to mark the lower 
end of the unloaded spring and the point from which you drop the mass. Re­
lease the mass and note how far it falls. Place a clothespin on the stand to 
mark the Jowest point of the fall. Release the mass sevcra:I times until you 
hav~ accuratcly.located the lowest point of the vibration. 

Calculate the Joss in gravitational potential energy and the gain in potential 
energy of the spring when the mass falls. How do they compare? Repeat the 
above expcriment, releasing the mass from a point about 25 cm from the lowcr 
end of the unloadcd spring. Repcat the experiment with a 0.5 kg mass and 
calculate the change in gravitational potcntial energy and spring potential 
energy whcn the mass falls from a point about 10 cm below the end of the un­
loaded spring. 

Is energy conserved in these interactions between the masses and the spring? 
Arc they elastic interactions? 

What is the sum of the two potcntial energies whcn the kilogram mass hus 
reached the halfway mark in its fall? How does this compare with the initial 
cnergy of the mass? How do you explain this? How could you check your 
explanation? · 

If you have time. plot a graph of the sum of the two potential energies as a 
fonction of the spring extension. What can you l.earn from this graph? 

" 
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A commentary 

'fhe energy-waste aspects of stop signs 
' . 

.1 

by Frank Hofman 
1 1 ~ . i • 

' ., 
\ .. ;,,j 

Much has been said and written in recent. 
· years over the aggravating problem of traffic 
· control and the proliferation of stop signs 
throughout our local municipalities. 

By simply looking around it's plain to see 
that those in authority in our local 

":'"municipalities have no real grand design, or 
;~:even basic policy when it cornes to the placement 
.rof stop signs_. What seems to exist is a traditional 
t;\'practise of mindlessly erecting a stop sign 

wherever and whènever the city bas received a . 
suffieient number of complaints. This inevitably 
leads to the city being forced to erect still more 
stop . signs to thwart the motorists seeking to 
avoid the first stop sign. 

This explains the jungle of stop signs we 
r find in ali our local municipalities, and accounts · 
~i in large part for the profound contempt in which 
:\the stop signs are held by local motorists. The 
r:obviôus better 'way, of course, is to have a 

minimum of stop signs, but have them kept un­
. der close. surveillance by the police, with heavy 
~ penalties · for offenders. People would th en · 
' ·, respect the signs- beèause they would reeognize 

-o: they' made sense and were justified, a prime 
· requisite for the observance of any law. But 

those who did noi soon would, after feeJing the 
• heavy band of the law. · 
, · ', ·:. There. is another aspect to this mindless 

• ~~business to which nobody ever gives a thought -
· ' · the needless, unconscionable waste of our 

' dec:lining, irreplaceable and increasingly ex­
pensive energy resources. 

, . • 
1
· Let's just take a look, through sorne rough 

.' ealculations, at the extent of this waste:· 
, t.. If we agree that the automobile's share of 
~ 

· • the energy budget, (13%), is significant enough 
, to warrant legislative action (e.g. Jower speed · 
'· .. limits), th en, to be truly hon est and concerned, 
: ::·we should look also at oth~r situations involving 
i the automobile which are deserving of moves to 

. ~' econo"!.~e. But what bas been donc? By in· 

t ' 

dustry? governments? people? you? me? · 
Let us assume th at one gallon of gasoline . _{; 

con tains 1.4x108 Joules of energy. It ean be .: ,: 
calculated that an 1800 Kg car accelerated to a fj 
speed of 12 m/s (12 m/s =30 m.p.h.) from a stop ~.r; 
requires the input of 1.4x105 Joules. . · .,, 

If the system were 100% efficient, the fuel . 
consumed per stop would be lxl0-3 gallons. !'' 

Uowever, because the system is only about 10%. ·· 
efficient, one gallon yields only approximately · . 
100 stops and starts. 

On driving 7 miles to work and home daily, 1 ·,; 
go through 42 stops, almost an of-which, (36) ,. 
exist apparently to slow traffic. For me this 
means that 2Y2 gallons are wasted per week sim­
ply for stopping and starting, not counting the:. 

1 
cost in fuel of making and delivering ··:.:. 
replacement brakes, clutches etc., and the fuel ·' 
expenditures of the people involvèd in the ban- ·· 
dling of these. Y et city planners mindlessly :· · 
proliferate sprawling suburban settlements in an --
.~fi~rt to serve the p~ople on t~is planet. (7) :.t~, 

To ·look at the.·overall effeet of untimed n·· 
lights, needless stop signs, and poor)y developed ... 
mass transit systems, let us look at the fuel wast,e · 

· " " ' 'for a city of 2,000,000. . · 
' ;: . · In my section of the city tbere are 21~Jtops1fG 

in 7 miles. Assuming that is representative of the · · 
whole city, the 1400 miles of road in this city 
should have 4200 stops. If we assume that only 
20% of those are really necessary (having mass 
transit), we get to the number of 3,300 needless 
stops. 

Assuming that there are 300,000 vehicles in 
operation, and that each vehicle travels 7 miles a 
day, one can project 6,300,000 needless stops per 
day. At lOO stops per gallon, that means 63,000 
gallons wasted directly in a day, aside from 
other indirect associated costs in fuel! 

Where are our leaders leading us? 

Mr. llofmàn is a science profeseor at Beacon· 
sfield High School an~ resides in Pierrefonds. 
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Students• Daily Energy Consumption Exereise. 

Students are given instructions to determine how mueh 

energy they consume in a day. Before beg1nn1ng we list some of 

the more obvious ways energy is consumed. At home the students 

find out how much food they consume, measure this ln kilocal­

ories, and eonvert their findings into Joules. They also re­

trieve the electrieity bill for their home and caloulate from 

that the number of Joules of energy they might have oonsumed 

per day during that per1od. From an estimate of the number of 

gallons of gasoline burned by the family car they deduce an 

amount whioh m1ght have been spent by themselves individually 

ln a day. They average the heatlng bill for the1r homes for 

the year to arr1 ve at a oonsumpt1on tate per day per pers on ln 

their house. F1nally I give them the heating and light1ng 

oosts and eonsumption for our sehool, which they take to derive 

a number per student of the energy consumed there. (The faot 

that eaeh student does not spend the entire day in his home as 

well as in the sehool does not alter the faot that these 

buildings are ma1ntained even during the hours the student may 

be away .. ) The total oonsumption is a huge number, somewhere in 
8 

the arder of ?xlO J/day per persan. That number is lOO times 

the rate required to exist at a minimum level, and does not 

include all extraneous energy consumptions, tao numerous ta 

oonsider but very muoh a real part of the students' daily life. 

Obviously the students are impressed by this information, par­

t1eularly when they compare the numbers for indiv1dual energy 

oonsumption in New Guinea and Nigeria to their own. Inev1tably 

some collective soul-searehing ensues as to the relative merita 

of the differing life-styles. 
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The ecology teacher, enlarging on the idea of objectivity 

and care in data gathering, spends time discussing the use and 

misuse of statistics and sampling. He comes prepared with 

some newspaper advertisings. The class becomes 1nvolved in 

analysing various examples from the paper, some of which stand 

out more than others. On one such occasion it was a toothpaste 

ad which captùred most of the attention. It claimed that 3 out 

of 4 people tested had been cavity free after using their par­

ticular product for a per1o4 of time. The ecology teacher, 

having spent some time in New Guines, mentioned 1t was too bad 

the company hadn't "tested" its product there, since they would 

then have been able to claim that after using their product 4 

out of 4 people showed an absence of tooth decay. What the 

company would not of course have pointed out was that the 

natives of New Guinea are blessedly free of tooth decay any­

way, without the aida of any toothpastes. The students get the 

message. It 1s obviously possible with apparent validity to 

claim a change in anything if the original condition is not 

defined. As well, even if there is in fact an improvement in, 

for example, tooth conditions as is implied in this particular 

ad, that improvement is merely presumed to be as a result of a 

specifie action, in this case the use of the toothpaste rather 

than the brushing action itself. The "resulta" of auch pre­

sumptuous data gathering are of course meaningless. And in 

this particular case, the deception had been deliberate. 
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The teacher also attempts to illustrate how data can be 

misleading unintentionally. One of his examples falls into the 

category of using inappropriste interpretation for the occa­

sion: the attempt to use the average kinetic energy of mole­

cules as a measure of temperature. Students readily understand 

that the average is meaningless if they were to have, for 

example, one foot in 0 degree C water and the other in 80 

degree C water. Their brains would not register 40 degree C to 

the nervous system. Statistics which can be perfectly meaning­

ful in some instances can be equally meaningless in others. 
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The rollowing questionnaire is given students at the 

beginning of the sohool year: 

1) Why are you taking this course rather than some other 
peysics course? 

2) What have you beard about this course? 

J) What have you beard about physics? 

110 

4) Are you expecting this course to be easier or harder than 
another course, for example English literature? 

5) Who persuaded you to take physios? 

6) Comment on the way you think a knowledge of physics can 
help you in your daily life. 

?) State your weight in kg. and your height in cm. 

8) Write a paragraph explaining why a ball rolls further 
than a die. 
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A Summarz of Student Responses to the seetember 

Questionnaire 

111 

The tall questionnaire is issued to PSSC and Regular 512 

Physics students alike. This is done for purposes of comparison 

of the responses, With the intentiolll of determining if the stu­

dent in the PSSC stœeam is of a different type than the student 

in the Regular 512 stream. The resulta are as follows, 

In answer to question no. 1, "Wh7 are you ta.king this 

course rather than some ether physics course?" 40% of the PSSC 

students have said they are taking it because of CEGEP require­

ments, 40% because they •wanted" to take it, 10% because of the 

course•s reputation, and 10% beoause 1t represented a key to 

the1r future. It is d'tff1cult to separate those who have said 

they needed it for CEGEP from those who claim to need 1t for 

the future. If those two responses are in tact the same, it 

would appear that about SO% of the students enroll in the 

course for more or less the same reason, that of making a 

living someday in a field somehow connected w1th science or 

technology. Since a relatively large portion of the students 

appear to have a definite goal in mind 1n their physics study, 

it would seem a safe deduction to make that they have, thel!l, 

the desire to learn the physics material which is a requisite 

to real learn1ng. 

The Regular 512 students as a group seem to be expeeting 

lesa from their course from the outset. 22% 1ndicate they 

expect the course to further them in some goal, as opposed to 
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the SO% of PSSC students who do. 

Asked what it is they have heard about physics, and how it 

compares with other courses, for example Engl1sh 11terature, 

most of the PSSC replies have been to the effect that their 

physics course would be harder, among the most difficult 

subjects to take in the school, with lots of lab work, and that 

•it you have the brains, take it•. The reputation also is that 

it is mathematical, a point which apparently causes some 

apprehension. It would appear then that the students expect 

the course to be diffioult, but that they also reel they can 

meet the challenge. Being science oriented they choose the 

physics course partly out of desire and partly out of neces­

sity. 

On the other band, the Begular 512 students seem to feel 

their course has the reputation for being easier then the PSSC 

course, and they are taking it for that reason. In those 

questions directed at ascertaining the level of operation of 

the students--for example, the question on why a marble rolls 

further than a die--the PSSC students• answers are on the 

whole lengthier, more intricate, more inclined to include 

diagrams, and generally more imaginative than the Begular 512 

students• answers--though no more correct. This ability to 

entertain a greater variety of abstract thoughts within one 

answer suggests the PSSC students have been more in the habit 

of performing on the formal operational level than have those 
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of the Regular 512 course. Though the1r phys1cs 1s no super­

lor to those in the Regula.r 512 course, the1r thought processes 

seem to be more at home in the formal realm. Us1ng P1aget1an 

reason1ng this would seem to 1mply, then, a stronger reed1ness 

for formal physics on the part of the PSSC students. S1nce the 

PSSC course 1tself demends an ab111ty to th1nk formally both 

in 1ts textbook reading level and in many of 1ts experimenta, 

it would appear from the PSSC students• responses to this 

questionnaire that they should be capable of cop1ng w1th the 

course, given my add1tional mater1e.l to help them through the 

more part1eularly abstract areas. 
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APPENDIX H 

Questionnaire Given in the Spring 

1) You took physics for a reason, stated earlier this year. 
Have your reasons for taking physics changed? 
If so, to what? 

2) Have your motives for taking physics been satisf1ed? 

J) Which of the activities did you find most beneficial 
toward realiz1ng your goals? 

4) Which of the activities throughout the year do you feel 
were irrelevant from the point of view of your goals? 

5} How do you feel about the number of labs you did? 

6) How do you feel about the type of write-up required? 

7) What changes would you suggest? 

8) How do you feel about the exercises in the text? 

9) suggest what you would like to do more of in the course. 

10) Suggest what you would like to do lesa of in the course. 

11) Are you now any lesa apprehensive about taking a 
physics course? 

12) What d1d you find most difficult in the physics course? 

lJ) How do you feel about the demonstrations? 

14) Are you going on in physics study? 
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A random sampling of responses from four PSSC classes to 
question no. 2 of Appendix H, "Have your motives for taking 
physics been satisfied?" 

"Yes." 

"Partially satisfied." 

"Partially." 

"Not really.• 

"No." 

"They have to an extent, but not fully. l would like to have 
bad more discussion periods." 

"Sort of, but l didn't understand everything." 

"Yes, 1 passed. I found that it helped to solve questions l 
bad all my science years.• 

"Yes, pretty well.• 

"Not really. I want to find out more about why things are the 
way they are.• 

"There were no motives." 

• ••• I gained a lot of general knowledge and have had a lot of 
things I bad always wanted to know, explained ••• • 

"Not completely. I had hoped to do much better.• 

"Almost.• 

"Somewhat, but there is still so much more to learn." 

"Not yet. I want to take more." 

"After beginning to see just how many different fields of 
physics there are l'm not sure !'11 be satisfied with one 
High School physics course.• 

"Yes, I got through." 

"No. There is still so much I don•t understand." 

"Yes. I now have learned the fundamentals." 

"Yes. I wanted to broaden my horizons, and I have." 

• ••• I also took it out of sheer interest to understand how 
things work, why they work, and why other things don•t work. 
I feel these motives have been satisfied." 
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A random sampling of responses from four PSSC classes to 
question no. J of Appendix H, "Which of the activities did you 
find most beneficiai toward realizing your goals? 

"Discussions.• 

"Lab work." 

"Lectures and discussions.• 

• ••• things we did in both chemistry and physics and that I 
knew a little about." 

"Teaoher•s discussions and demonstrations." 

"Explanetions and discussions by the teaoher." 

"Labs. To see for yourself is better than to be told." 

"Labs mainly and demonstrations." 

"Studying.• 

"Class presentation of theories and prectioal experimenting.• 

"Labs. Free diacussions." 

"Listening to the teacher as well as attempting problems with 
everyday situations.• 

"The lab work was imperetive; I would like to see more of it.• 

"Mr. Hofmann•s lengthy explanations cleared up some of the 
destruction caused by the labs.• 

"Class lectures, tests and demonstrations." 

"Atom1c phys1cs and paper airplanes." 

"Demonstrations, films, and labs." 

"The paper airplane and other extra labs." 

"Go1ng over questions in class.• 

"Answering the questions in the book." 

"Everything except light.• 
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Indirect consequences of the Difficult Reading Level of the 
PSSC Text and of Difficult ~xEeriments in the PSSC curricul~ 

The advanced reading level of the PSSC text and the 

difficulty of some of the more abstract experimente which comple­

ment the text material, are having consequences reaching farther 

than the individual student•s difficulty in comprehending the 

subject material. They are leading indirectly to a diluting of 

the PSSC curriculum in this province. Beoause of their degree of 

difficulty greater pressure is exerted on teachers to adept the 

course to fit the needs and abilities of their students. The 

only other alternative is to "teach" it as it is and risk 

having the students "learn" ineffectively. An immediate out­

come of this situation has to be a large variation in the 

calibre of presentation of this programme, an effect borne out, 

I have found, by the great regional variations in the high 

school leaving marks obtained in June examinetions. This phenom-

enon has 1tself led to an 1mposed polioy governing the setting 

of examinations which, to come full c1rcle, oan only lead to a 

lowering of PSSC teaohing standards and a widening gulf between 

those areas which register well in June examinations and those 

which do not. 

The Quebec government must have recognized these regional 

disparities at the time when computerized scor1ng and analysis 

was introduoed for June marks. Provincial raw score failure 

rates in the 1974 and 1975 resulta 1n Physics 552 and 522 were 

in the order of 75%• Yet there were certain boards in the 
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province, my own among them, where the failure rate was a 

typical 20% in the physics examinations. This of course 

meant that somewhere in the province failure rates had to be 

higher than 75%· Probable reasons for this w1de disparity 

have already been alluded to above. Nonetheless, that 75% 

failure rate was staggering. Subsequently, instructions were 

issued to examiners sta.ting the.t there were no longer to be 

questions on examinations of an evaluative or synthetic nature; 

rather, all questions must pertain only to acquisition, know­

ledge, or comprehension. (See AppendiXL) Also, questions 

must not refer directly to a lab in the PSSC curriculum.1 

Renee, examinations in future are to rank students rather 

than measure wha t they have 1 earned. 

we:'.'have, then, a course aimed at developing the syn-

thetic and evaluative skills of students, yet we cannot set 

standards to measure with what suocess these skills are being 

taught or attained. In itself that need not have any negative 

effects. However, as is bound to happen, teachers will to 

some degree or other teach the1r subjects to the level of the 

examination. After all, teachers prov1de a service which 

includes, evidently, that of preparing students for entrance 

to higher institutions of learning which entrance is affected 

by the kind of marks a student reoeives in his final high 

school examinations. The examination level to whioh some 

teachers will aim their teaching, however, is in the process 

1 
This directive was given verbally to those setting 

examina ti ons. 
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of being watered down. Hence, it is not only conceivable 

but probable that this new directive will in fact lower 

teaching standards in some parts of the province. This of 

course creates a rather complex dilemma. We have on the one 

hand a course which appears to require some modification to 

enable students to understand it better, yet we (or I) do 

not wish to dilute it or simplify 1t in order to achieve 

this endJ on the ether hand we have a government directive 

calling for measures which will in faot, for many, dilute 

the existing course, at least while no alternate method of 

teaching it officially exista. Moreover, for as long as it is 

left up to the individuel teacher to modify the course for 

h1~ own students there will be a w1de range of methods used-­

some good, some bad, some non-existant. The calibre of teach­

ing and of learn1ng will be most unpred1ctable. 

What to do then? It is clear to me that the PSSC physics 

course must be "offic1ally" modif1ed in such a way as to leave 

the body of its material, which is excellent, intact but some 

of its procedures transformed so that students find them 

personally relevant. This relevance presupposes that the 

students must as well find they~ interact with the ph7sics 

activities on a level suited to the1r abilities. Providing 

them with good sound concrete operational material must be 

the aim, so that those among them who often do operate on a 

formal level (and there should be a major portion of them who 

do, since it 1s the super1or student who is encouraged to 

take this course) may then go on to more fully apprec1ate the 
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mater1al as 1t 1s presented by the existing PSSC course. 

Providing such a modification to the curriculum unfortunately 

would be unlikely to affect the government directives con­

cerning examinations, at least 1nitislly, but it would provide 

teachers w1th a def1n1te alternate method, supposedly one 

that is an 1mprovement, for teaching the PSSC course. Hope­

tully this would resul t 1n improved teaching practices and 

more effective learning universally. 
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