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ABSTR/J CT 

Superviso r: Dr . L . D. Yore 

A study of the Chemistry 11 course was undertaken with 

s pecial reference to the effect of the semester system upon 

success in examinations. Three t e sts, entitled Forms A, 

Band C, were prepared on the Chemistry 11 course, and 

distributed throughout the p rovince in 1972 and 1973. 

In all, 12,3 44 students were tested and gr~ded b y the 

Department of Education. 

A sample of 2700 test papers was analyzed, using 

analysis o f variance on the mean scores of students who 

had been enrolled in either the regular ten-month prog rarrmes 

or one of two different semester programmes. No significant 

difference was found between the three programmes using 

forms Band C. However , a si gnificant difference between 

programmes was found f o r Form A, indicating that the mean 

scores of students from the first semester programmes in 

the 1972-7 3 school year were significantly lower than 

from the other two programmes. 

The samples were also subdivide d by sex , and a highly 

significant difference was found between boys and girls in 

the ir mean scores achieved in all three forms of the test. 

Boys scored highe r than girls in all three re plications. 
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Further study suggested that both these differences 

were related in part to the number of items in the test 

requiring mathe matical manipulations. Boys and girls 

appeared to dif f er in t heir achieve ment on the test depending 

upon the way in which their chemistry and mathe matics 

courses had been scheduled. Under some conditions girls 

scored higher than boys. 

It was concluded t hat the s e me ster system should be 

evaluated for its learning effectiveness as compared with 

the effective ness of other systems. It was noted that when 

course schedules are prepared and course selections made, 

insufficient atte ntion seems to be paid to the value of 

planning student's courses in a logical order of pre­

requisites and co-re quisites. Differences in the needs of 

the individual 

Examining Committee: 
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CHAPTER I 

INTRODUCTION 

Th e Problem 

In the last decade there has been a gradual int ro­

duction of the semester system into the secondary schools 

of the province of British Columbia. The arguments in 

favour of the practice are varied and are more related to 

student convenience than to a proven educational super­

iority of programrne . It enables students to gather credits 

more easily but it is not known whether there is any 

effect upon the qual ity of learning that is taking place . 

One way to evaluate the quality of the learning 

experience is to require students to write examinations. 

It used to be widely accepted that if one common examina tion 

is set for all schools, some valid conclusions could be 

drawn from the students' scores about the r elat ive 

effectiveness o f each s choo l ' s programmes. In provincial 

examinations i n Briti sh Columbia , t here has been a tendency 

for stude nts on the semester system to d o l ess well than 

their con t emporaries on the ten - month programme; and these 

1 
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differences have been greatest in the scientific subj ects 

(B.C. Annual Reports, 1970-71). 

While the problem which needs investigating is whether 

students learn an individual subject equally well on a 

five-month as on a ten-month course , it is only their 

achievement in a common examina tion which in practice is 

taken as evidence of their mastery o f the course material. 

Such tests are simple to score and supply convenient data 

for statist ical analysis. The larger quest ion of what 

counts as having mastere~ a s ubject remains unas ked by many 

people, be cause it can only be evaluated in the long term 

and in ways not a menable to s tati~tical treatment. 

For the purposes o f research, comparisons between two 

schools' sets of internal results are of questionable 

validity where di£fe rent teachers have set and graded their 

own tests. Accordingly, it was decided to prepare a test 

for distribution throughout the province. The subject 

matter was the course content of Chemistry 11 and the 

distribution was undertaken in cooperation with the 

Research and Standar ds Division of the Department of 

Education. 

Proc edu r e 

In preparing the test, the writer was limited to a 

test l ength sui t able for a one-hour classroom t e st. Since 
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the whole course could not be adequately covered in so 

few items , three tests were randomly distributed throughout 

each class . Thi s procedure has provided a means of 

replicating the experiment . 

The Department of Education Research Divi sion admin­

istered and graded the tests, and withdrew a s ample of 

3,600 pape r s for more detailed analysis. From this number , 

which comprised approximately one-third of the test popula tion, 

2,700 were identified a s the data base from whi ch to 

investigate the following questions: . 
1. Is there any significant difference between the 

mean test sco res of students who were enrolled in the first 

or second semester programme or in a regular ten-month 

programme? 

2. Is there any sign ifica nt difference between t he 

scores of boys and girls for the same programmes, and does 

any such difference change as the programmes change ? 

Limitations and Assumptions 

In the deve l opment of this study, neither the final 

format a nd content of the tests nor the methods of dis­

tributi on, sampling, and analysis were matters for decision 

by the writer. No preliminary trial distributions were 

made, so that there was no opportuni ty for amendments to weak 

items. A few errors were corrected before distribution 
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in January 1973 , but no t all. A numbe r o f personal details 

about each student were recorded on the front p age of each 

test including age, s ex and r elated sc i e nce and ma thematics 

course s taken. Unfortunate ly , neithe r enrolmen t in 

Ch emistry 12 nor repetition of Chemistry 11 could later be 

identified. 

The method of sampling is describe d in Chapter III 

(Conway Letter, 1976, Appendix A) . The sample was stratifie d 

with re s pect to the different programmes of study and under­

taken systematically in order to obtain equal numbe rs 

in each stratum. It has been assumed tha t the s ampling 

was sufficiently represe ntative to cause no undue bias in 

an analysis of variance. Some da ta were di s carded; only 

three out of the four programmes sampled were used in the 

analysis of variance. It was also assumed that the tests 

were distributed and written under the conditions requested 

by the Department of Education ' s Research and Standards 

Division in the ir procedural instructions (Appendix A). 

In undertaking a wide survey of all schools in the 

province, other assumptions were numerous. For example , 

it is usually assumed f or statistical purposes that all 

students h ave taken ide ntica l cour ses under equally compet­

ent and well qua lifie d tea che rs, a nd e qually good laboratory 

facilities. I t has also been assumed he r e tha·t p rev ious 



5 

education and expos ure to related subject courses have not 

biase d the students mean achievement scores . Such assump­

tions have been implicit in mo s t educational research and 

are seldom questioned. 



CHAPTER I I 

REVIEW OF TH E LITERAT URE 

Two topics are reviewed here. The writer searched 

the limited available sources to try to discover reasons 

for the beginning of a semester system , and to survey 

attempts to evaluate its effectiveness . Both Bri t i sh 

Columbia and other sources in Canada were reviewed . The 

work o f other researchers who have expl ored the teaching 

of school science to students of both sexes is also 

reported.. An analysis of the conceptual demands of the 

Chemistry 11 course, known as Chern Study , togethe r with 

a brief history o f its developme nt and introduction into 

British Columbia is contained in Appendix C. 

Th e Semest e red School Year 

The seme ster system at secondary sch ool level may be 

described as the practice of dividing the school year 

into two o r more equal parts and presenting the student 

with a proporti.on of hi s required courses in each semester . 

In mo s t schools in British Co lumbia , two . five -month 

semesters have be en introduced in which students take 

6 
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seven courses - four in one s e mester and three in th e other. 

A few may take six or eight. 

History 

There appears to have been no formal beginning to 

the practice of semestering. The Chant Report of 1960 

makes no mention of the idea . The first official reference 

to it in the B.C. Department of Education Annual Reports 

occurs in the 1969-70 edition under Fie ld Serv ices, in 

which it was simply noted that the practice was increasing. 

Nanaimo began a programme in: 1968 in one school and was the 

first on Vancouver Island. Only one school in Ontario 

had tried it before 1969. 

There seems to be no official public records for 

British Columbia of any formal decisions or plans. Tacit 

government approval may be inferred from an unpublished 

committee report (Department of Education, Canty, 1969) 

to the Minister in 1969 on school utilization. Here it was 

observed that "there is some merit in the development of 

the semester system of organization throughout the 

secondary schools, with an extension o f the summer 

organization as an introductory step in this development" 

(p. 9). The intent was to suggest that there should be 

better year-round use of available fac i lities, with two 
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semesters and a summer school, extendi ng ultimately to a 

year-round school of three equal semesters. As well as the 

apparent economic advantage of making use of an expensive 

plant, it was hoped that more flexible transfer arrange­

ments for students and entry into school more than once a 

year could be benefits of the new organization. The 

additional operating costs were not explored. 

Neither was mention made in government circulars of 

more specific educational advantages. The initiative 

appears to have come from local districts. Nanaimo des­

cribed their reasons for trying it in their report to their 

Board of Trustees in 1968. They had two sets o f students 

they particularly wished to help - those who left grade 12 

with one or two courses short of graduation requirements, 

and those who left school in the spring for comme rcial 

fishing or other work. A semester plan would attract 

students back to take just a few courses in one semester 

to complete graduation, and could offer credit for work 

done in a first semester to those who had left for work 

in the spring. Previously these students had been faced 

with repeating a complete year and so they seldom returned 

at all. It wa s also hoped that s tudents who were depende nt 

upon the school buses could ge t help from teachers during 

the school day .in their study blocks. 
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In most schools, course organization began with two 

equal semesters wi th four courses in one semester and three 

in the other. Some schools had four 70- or 80-minute periods 

e a ch day - others had five one-hour periods, so that the 

course in the first hour was repeated in the last hour of t he 

day . In the one semester, the student had a number of free 

periods which could be committed to an extra course -

pe r h aps one failed in the previous semester . Physical 

e duc ation was treated as one course, and cou~se loads 

tended to be very uneven fn the tirst years. 

These obvious weaknesses, together wit~ criticism of 

70 ~ and BO - minute periods, led to a 5 x 5 arrangement in 

some schools - five one-hour periods with five s ubject 

blocks. This arrangement gave the student the chance 

t Q t ake up to 20 courses in two years , while also spreading 

the heavier grade 11 and 12 courses - especially the 

sciences - over three semesters instead of two (Abbotsford , 

1 97 4). Students completing one semester would he given 

c redit for grade 11 in that subject, but would receive 

no grade 12 credit unless the next two semes t ers were 

completed. Since the whole of the grade lJ. course is not 

completed in one semester in this •plan, sucL students 

who wrote t his province-wide test of Chemlstry 11 would be 

expected to be at sorrie disadvantage in comparison with 
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those from other schools. It has also been · argued that 

spreading the total course of 11-12 sequence over a longer 

time is necessary because grade 12 content is more 

demanding. 

EvaZuation 

Very little material seems to be available before 

1974 on th e topic of semestering. The studies which have 

been done have been undertaken by school districts for 

their own internal purposes and have not been published in 

the literature. In British Columbia the reports of School 

Districts 68 (Nanaimo , 1969) 61 (Victoria, 1970), 39 

(Vancouver, 1971), and 34 (Abbotsford, 1974) were made 

available to the writer. The first three of these are 

in the form of opinion polls. Questionnaires were sent 

to teachers, students, principals, and parents; and from a 

wide variety of comments, a number of common opinions 

emerge. 

1. The semester system does seem to have the approval 

of a high proportion of parents , teachers , and students. 

Students like the change of courses and teachers mid-year, 

and the chance to graduate tn January. They claim that 

some courses are easier to master when in class daily, 

but others are clearly too condensed and the pace too 

great. The chance to repeat a failed course is appreciated, 



but The opportunity is not as often made available in 

practice as in theory. 
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2 . The greater pace makes good attendance essential . 

Some teachers report better attendanc e , others that 

s tudents who get behind give up altogether . 

3. There is an increased workload on teachers a nd 

administrators; but in spite of this , these groups are in 

fav o ur of the system for its greater flexibility of 

programmi ng for s tudents and its succe ss in attract i ng 

students back to finish t .heir grade 12 requirement s . 

Many respondents criticized the treating of Physical 

Education in this way, and the unba lanced workloa d on the 

stud ents gave some schools problems wi t h the use o f the 

unsc heduled periods. 

Conflicting comments on whether t:he work and the 

homewo rk are more or less arduous were clearly ae,endent 

upon the subjects in which the student was involved. The 

1970- 71 Annual Report of the Province referred to a 

g r owing c oncern over Mathematics and Physics under this 

s yst em. There has been little study o f the student's 

mastery of the subject. A writer of the Victo r ia study 

commented that "frankly no one knows v,ha t will be the 

effect of taking French 11 in the first seme ster in grade 11, 

and French 12 in the second semester of grade 1 2" (p. 3). 
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The Nanaimo study (1 969 ) does report some comparative 

figures of pas ses and fai l ures between 196 8 and 1969. I t 

was claimed t hat there we re no significant differences i n 

departmental examina t i o11 results except that "because of 

r epetition, mo re stude nts were recommended." However f o r 

Chemistry 12 , there were in fact noticeable differences. 

In 1 968 (on the traditional ten-month arrangeme n t), 26 

students were recommended and 24 out of 28 passed the 

departmental exam. In 1969, 78 were recommended and only 

10 o ut of 23 passed the e xam. For Mathematics 12 and 

Physics the findin gs were similar, but at the grade 11 

level, substantial increas e s were noted in t he number o f 

Mat hematic and French passes awarded in the schools as a 

result o f repetition of the courses. Such increases were 

s e en as demonstrating marked improvemen t in achievement 

in t hese subjects and a justification for the semester 

system . 

Lat er co~ments from both British Columbia and Ontario 

h a v e been less enthusiastic. MacLennan (1974) complained 

about the need f or good attendance and that sickness led 

to dropping out, but that students later could returri. 

Hi s school had used BO-minute periods which were found to 

b e too long. 
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An exten sive survey of semeste r i ng i n On t a r io wa s 

undertaken b y Hill (1 9 74 ). Only one sch o o l i n t h e provinc e 

was on the semeste r syste m before 1969, s ince which tirne the 

numbe rs had g r own from 6 in 1969 to 52 i n 1 9 73 . Hil l 

wrote that he b e lieved the rate of c hange would slacken as 

there was growing criticism and antagonism in those 

schoo l s which h ad not changed "because of perceived 

educationa l disa dv antages. " He sugges ted t hat. ''only 

severe economic constraints would fo r ce t hese school s 

to adopt a semester system" a nd that it is mo st a ttractive 

to larg e u rban schools a n d to sepa rat e school s , "possibly 

because o f economie s. " 'I'he susp ic i on t h a t s emes tering 

is a phe nome non benefi t i ng o n l y a dministrat o rs and the 

budget comes thr o ugh in a vigorou s attack by Sa un ders 

(1974) . He- wrote : 

Semeste rin y , i n a ny of its v a riations, wi ll 
permit staf f r e d uctions e i ther b y creatin :J 
a situation in which students t ake f ewer 
credits or by d r astically red uc i n g t he 
number of in s t ruc t iona l hou rs per c :ce<l i t . 
Th is fact alone would i ndica te tha t i f 
semste r i n g i s ana l yz ed on a ' bene f it to who m' 
b asis, that t he principal benefac tors ar e 
administrator s a t t.he e x pen se o .r: both 
teacher a nd s tudent (p . 20 5 ) . 

In vi e w of Nan aimo 's s tat e d g o al s , t h i s ~eerns t0 he a n 

unfai r view o f a dmin is t r ativ e mo tive s , a l though i t. is 

unl ike ly tha t thE! plan would have been i:npl Em-? r.-t:ed if i t 

had bee n s h ov-.T! t o b e more expe n sive . Saunde r s also argue s 
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that th e flexib i l ity would require rehiring staff twice 

a year and that staff availabi lity and scheduling severely 

limi t t h i s featu re . Both writers st rongly r e comme nd a 

study o f educationa l results before a "jumping on the 

bandwagon" by more schools. 

In November 1974 Norman Gleadow undertook a more 

extensive eva luation f or th e Vancouver School Board. In 

addition to the findings al ready mentioned, Glea don con­

firmed Saunder s cri ticism b y recording the number of 

schools whi c h reported haying modified the hours o f 

instruction , and/o r the course content, by either rewriting 

the courses o r omitting whole sections of the course to 

fit into one semester, and courses r equiring the under­

standing o f concepts suf fered . Hours of instruction per 

course varied from 60-18 0 hours, with six schools 

reporting between 90-95 hours. The lack of continuity was 

particularly deplored by teachers of Physical Education, 

Music, and Industrial Education. Librarians complained of 

lack of space to a ccommodate the larger n umbers of students 

having non-instructional time to spend on study, with 

no place but the library to go, for Industri a l Educat i on 

the double ordering of supplies had increased the costs 

of this c ourse . 

Abbotsford attempted to solve some of t hese problems 

by more imaginative scheduling . Their report (Abbotsford, 



1974) was an internal o ne by tea c he r s s eek i n g some 

solutions to complaints such a s · those e x}:)re ssed above. 
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In particular the y wished to re d uc e the effect s o f a bsen­

teeism, extended gaps b etween sequential co ur s e s, too rapid 

a pace in some subjects , a n d disl ike of l ong periods. 

They sought t o introduce a 5 x 5 plan ment i oned earlie r and 

spread the seque ntial 11-12 course s through three 

semesters. The report admits that the t ime f or some courses 

will be reduced which b e ars out Sa unders' c o mp l a ints to some 

extent. If student s do not proceed to a grade 1 2 c ourse , 

one semester o f g rade 12 programme would r e ceive no c r edits 

under their a r r a nge me nts. 

One study examinin g results h as been under t a ken in 

Victoria by J.R . Anderson i n 1972. He stud i ed the a chieve ­

ment of grade 11 students i n r e l a tion t o a ttendance and 

used students from schools on b oth the tradi tional and 

the semester syste m. His po p ul a tion wa s 1,402 g rade 11 

students from thre e schools i n Distri ct 61, and h i s 

dependent variable was the Gra de Point Ave rage (GPA). 

From a samp l e o f 18 0, he c onc lucled that any diffe r ence in 

achieveme n t o f s tudent s o n t he seme s t e r and t radi t iona l 

systems was no t signi f i can t . However , t he r e sults 

sugge s ted t hat t he e f f e c t o f poor a ttenda nce on a chi evE~I!tent 

for studen t s in semest ered schools ,·1as ma rJrn cl e o ug h to 
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require further investigation . By using the school Grade 

Point Average , no valid compari.son can be made b e tween 

schools at any subject level since school grade s are arrived 

at only in relation to the general class standard , o r per ­

haps t hat of seve ra l classes within one school; hence the 

purpose of periodic grade-wide examinations which h ave 

been traditionally set by the Department o f Education to 

obtain some check on standards. The unpopularity of this 

practice among teachers may b e partly due to the style o f 

the e xaminations in the last 10 to 15 years, but there are 

some who consider their withdrawal a disservice to the 

students. Lief Stole o f Edmonton , an Assistant Principal 

and forme r supervisor, has noted increases from 300 per 

cent in the number of ' A's'awarded in grade 12 matriculation 

subjects since the cessation of Departmental Examinations. 

This occurred i n schools not previously noted for their 

higher a cademic standards and did not include the 

startling increase o f 1,391.7 per c ent in 'A's' 

in mathematics. stolee (1 9 78 ) claims that these increases 

are placing students from schools with more rigorous 

A grade standards at a disadvantage when a pplying f o r 

places in professiona l schools. A province-wide survey 

wi J l allow the investigation of standard of achievement 

across schools. 
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Overall , the rnos t constantly claimed advan tage for the 

seme ster system wa s greater f l exibility in cours e offerings. 

There seems t o be some indica tio~s th~t quality ma y be 

being sacri fi ced for quantity . 

• 
S cie n ce in Sc hool and Coll ege and 

Difference s Between the Sexe s 

i . Biological and Soc ial Factors 

In the emotional cl imate of today 's ferninL;t movements , 

it ~e comes difficu ~t to suggest t hat t here may be differ­

ences in the learning patterns of girls and boys. It is 

still more difficult to propo se that there could be any 

value in investigating them a nd in making allowances in the 

running of schools without arousing an emotional reaction , 

unless it is in the area of elementary school and reading 

"readiness". Much has been both written and taught 

regarding the supposedly late deve lopment of boys and their 

resulting d i ff icul t ies in reading and writing . Much o f 

current learnin g theory is based upon a c o~mon ly he ld 

assumption that a male is physiologica l ly one yea r younge r 

than a female at birth. However , r e cent r esearch has 

revealed that the d iffe renc e in reading achieveme nt which 

has been no ted between boys and girl s in Canada and t he 

Unite d State~, i~ not universally observed. Downing an<l 
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Thomson (1 974) have shown that in other countries, boys can 

do as we ll o r better than girl s. In Germany, boys are 

usually conside r ed t o learn t o read faster than girls 

(Preston, 19 62) . Such observations make a biologic al 

explanation untenable and suggest a need t o study cultur al 

influences. Down i ng e t al (1977) have found evidence of 

a relationship between sex r ole standards and an interes t 

in and achievement in reading. They point to pertinent 

medical research on hermapheodites t o s how t hat a chi ld's 

psycho-sexual identity i~ condi tioned in early childhood. 

A similar supposition, which persists i n North 

America, regarding an innate inferiority of girls in mathe­

matics and science , has a l so been questioned . An observer 

of Soviet education wrote that " there is not the slightest 

evidence that girls are any worse at scientific or 

mathematical subj e cts than boys" ( Ne w Statesma n , 1956). 

Studies done on women's colleges i n the United States r e cord 

the observation that more women elect science courses 

in wome n' s colleges than in co - educational institutions, 

where they fear to be outnumbered i n class by men (Newcomer , 

1959). At Vassar College for women, the percentage o f 

women in sciences was higher a hundred years ago than it is 

today. This observation will come as a surpr ise to many 

who beli e ve t hat we are more emanci pated today than in the 
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previous century with regard to the education of women . 

Harriet Martineau (18 37 ), travelling in the United States in 

the 1830 ' s, wrote 

We find it taken for granted that the girls are 
n o t to learn the dead languages and mathematics 
because they are not to exercise the professions 
where these attainments are wanted: and a little 
farther on we find it said that the chief reason 
f o r boys and young men studying t hese things is 
to improve the quality of their minds. 

If women at Vassar were up a~ainst these attitudes a hundred 

years ago , is it still career e xpectations which keep girls 

and women out of science courses today when educational 

opportunities are now theoretically equally open to both 

s exes? Betty Friedan (1963) has shown in her book The 

Femi nist Mystique , the social fo~ces which have kept women 

out o f c ertain careers; and Warren Farr ell (1974 ) has spelled 

out the socia l conditioning processes on the outlook of boys 

i n North Ameri c an socie ty. All societies n a turally 

pe rpetuate themse lves by example, and so inf luence the 

attitudes of their children . It is only the explanations 

which distinguish t oday's educationalists from the ir 

forefathers. 

The problem is not confined to North P.merica. From 

Australia, Keeves in 197 3 wrote 

It s eems unsound to propose physiologica l or 
psycho-analytic al e xplanations for the differ ­
ence in achievement and attitude in ma thematics 
and sci~nce between the sexes when there are 



dispari ties between countrie s in 
of the sex d ifferences report ed . 
likely explanation wou l d s eem t o 
the expe ctations which ' western ' 
hold for the respective roles of 
women (p. 60) . 

the magnitude 
The mo st 

arise from 
c omr:m ni ties 
me n a nd 
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He also believed that a perceived limitation in c aree r 

choices influence s the relative par t icipation of the sexes 

in science activities, not only in universi tie s, but also 

in the secondary schools (Keeves , 1973, p. 61) . 

Opportunity and participation would appear to go hand in 

hand now as in 1 83 0. 

ii. TeacheP Attitudes and Their In flu ence 
on Stu dent Ac hiev ement 

The importance of a d ult attitudes in the stuuent's 

selection of career choices is obvious; but the influence 

of teachers as school counsellors , when they advise students 

on course and c areer choices, is perhaps not often questione d 

as to the possibility of s exual biases. Within the class­

room teacher attitudes can reinforce or delay development~ 

A belief that girls are not good at these subjects may quickly 

be conveyed to a class. 

There are undoubtedly men today who still share Nap­

oleon' s view that "nothing i s more detes t able than a woman 

who r easons. " Pe rhaps there is a connec t ion h e re b etween 

a teacher ' s at t itude a nd Crawley 's (1975) suggestion that 

girls are, whether by nature or nur ture, more re s pect f ul 
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o f au thori t y. t;,,rn' a t e v e r the c a u se , the obe rvation has implic­

ation s f o r edu c a t i o n, and s ome ground s f or asking whether 

boys a n d gi rls ma y have di fferent cognitive styles . Newbury 

(19 66), writing on the teachi ng of chemistry , noted that 

while girls pre f e r demonstrati ons , boys like to do the 

experiments themse l ves. 

Lodge (1 969) asked how students ra t ed the acquisition 

of certain science skills . He found that girls rated highest 

the ·skills of cla ssify ing and recording , whi le boys rated 

mea~uring and e va luating as mo s t import ant . 

As writers continue to specula te on the way children 

learn, the influence of elemen t a r y school expe riences c annot 

be igno r e d. If girls on thi3 continent seem to find it 

harder than boys to think through logical concepts in 

science and mathe matics , is it because they found memor­

ization a s urer way of getting good grades in e lementary 

school than asking que stions a n d thinking things out? 

Crawley's observations are not trivial. 

iii . Cogni t iv e St yl e s In Secondary 
School Sci e nc e 

Field an d Cro p l ey (1969) made an e x t e nsive study of 

cognitive s t y les in re latior:. go t h e learn i n g o f science 

subjects. They class i f ied unde r t he heading of c ateg ory 

wid t h , the c o n c ept o f a student showi Pg a wi l lingn e ss to 

v ' 
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u s e bro ad inclu si ve categor i es J or narrow exclusive on es . 

They found this variable correlated significantly with 

originality in which thev foun d boys no tably superior 

to girls. They also found boys to be superior in their 

development of formal operation s as de fined by Piaget 

(Inhelder & Piaget, 1958) and su~gested that this may be a 

contributing factor to girls' inferiority in handling 

science information at school. High science score s for 

girls corre l a t ed surprisingly with the narrow cat e go ry 

wid th - an opposite resul.t from the boys in which high 

scores correlated with originality and fle xibility. These 

writers go on to suggest that the stage of mental develop­

ment of the pupil has an important bearing on performance , 

and that the sexes do develop differently. Shayer and 

Wylam (1976) investigated this function in two studies 

among British childre n between the ages o f 9 and 14 years 

and later 14-16 years. They measured the proportion of 

children in their representative sample s which showe d 

different Piagetian levels of thinking. I n summary 

they concluded t hat 

No increase in the proportion showing formal 
operational thinking was f ound beyond the age 
of 15. On the thre8 tests use d, a retrospective 
analysis o f both surveys for sex differential 
showed no increase for girls after 14 , while 
boys continued for a further year ... the girls 
perf o rmance was ·substantially lower ori the t e st 



on spat ial relationships , and on the test on 
volume and density throughout the age range 
9-16 (p. 62). 
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They go on to say that" i t must remain an open question 

as to whether t here is f u r ther intel l ectual growth , a s 

measured in Piagetian te rms , at 17 or 1 8 or later years. " 

iv . Student Attitudes 

Declining enrolments in s cience course s i n both the 

United States a nd United Kingdom has been the spur to 

research into student attitudes. · Course satis fa ction and . 
gradin g practices have therefore come in for ques tioning. 

Both Bridgham (1973 ) and Welch (19 69 ) observed that science 

courses usually c arry an overall lower g:;:-ade average than 

other subjects so that students who select science 

courses must a ccept a kind of grade penalty in doing s o. 

Bridgham s uggests that if science gr.ading practices we~e 

raised to compare with other subj ects , 20 per cent more 

girls would e nrol in chemist r y and 80 per cent more in 

physics; but he suggests that the increase f o r boys 

would be minimal. 

Bradley and Hutchins (1 973 ) asked whether subject 

choice in s econdary schools was related to a student ' s 

concept o f science and scientists. They f ound that boys 

were much more favourably d isposed t owar<ls science than 
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girls, even at 13 years old, and felt that they were "doing 

well" at the subject at school. Girls tended to see 

science as something in which they had to learn too many 

facts, and science teachers were less popular with them 

than with boys. However, these same students did not 

themselves see science as being any more "difficult" for 

girls than for boys. It should be noted that these are 

13-14 year olds from 17 schools in England and Wales, 

not senior secondary students. 

These writers found no differences between the sexe s 

in their attitudes towards scientists. However, the 

absent-minded professor has gone, along with other mythical 

pictures; and the typical scientist is viewed by both sexes 

as being an interesting, kindly, and a family man. There 

was no mention of anyone seeing a scientist as a woman, 

however, in spite of Mme. Curie's fame . 

Gallagher (1969), on the other hand, found that although 

girls demonstrated a more favourable attitude than boys 

towards scientists, boys showed a more favourable attitude 

than girls on "myse lf as a scientist " questionnaire. He 

also found no differences b etween boys and girls towards 

science as a subj ect. These o p posite results to the findings 

of Bradley and Hutchins may be partly explained by age 

differences , and partly by cultural ones . Gallagher was 



studying high school students in California and not 

English 1 3- year-olds. 

v. Other Approaches 
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Other attempts to find reasons for sex differences in 

science achievement l ed to a study by Rothman , Welch and 

Walbe rg (1969). They attempted to relate student learning 

to the sexuality of the science teachers, but they were som~ ­

what inconclusive as to t h e influence of these factors upon 

the achievement of boys apd gi r l i in their c lasses. 

Summary 

Falling enrolment in school sc ience courses in 

western nations of the English speak i ng world has prompted 

research into attitudes towards science among school 

children. While achievement studies continue to show boys 

in the lead, relationships have been noted between achieve­

ment and attitudes , and b e tween attitude s and cultural 

role expectations f or each sex. The relative parti c ipation 

of the sexes in sc i ence subjects differs widely across the 

world, and seems t o be related to caree r o pportuniti es 

in the west. 

In British Columbia, there is a question whether boys 

and girls are different in their reaction to school organ-
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ization, to the presentation of subject matter and to the 

relative balance of related courses. How these questions 

are related to achievement in Chemistry 11 is the purpose 

of this paper. The introduction of a semester system has 

altered not only course choices, but the order in which 

those courses may be taken. 

Readings in the semester system show that the programmes 

have been permitted to evolve for administrative reasons 

without clear educational justification. The main arguments 

used in its favour point to the desire to make it easier 

for students to acquire credits towards graduation. 

There is.to date a general lack of scientifically controlled 

data on the effectiveness of the semester system. 'l'he 

quality of learning is questioned by teachers in Ontario, 

but in British Columbia these objections have seldom 

been raised until now . It should be noted that in the 

British Columbia school system, Chemistry 11 is an elective 

subject. 



CHAPTER III 

THE RESEARCH METHOD AND PROCEDURES 

The Pr eparation of the Te sts 

The tests were prepared in the fall of 1971 under the 

direction of the Research and Standards Division of the 

B.C. Department o f Education. - The plan was for three 

forms of 30 items , and the maximum time allowance was to 

be one hour (Appendix A) . 

Content validity was the main aim of the write r in 

compiling the tests. This required full coverage of 

Chapters 1 to 8 and Chapte r 18 of the textbook (Pimental, 

19~3) and equivalent parts of the laboratory manual (MaJm, 

1963), together with some additions to the course outlined 

by the Department of Educa tion Curriculum Guide 0.966). 

An attempt was made to design items whic h would test both 

mastery of the subject matter and the ability to ~ake 

deductions from known and o b s erved facts. The tests were 

therefore designed to i nclude items of a wide range of 

difficulty, from some requiring simpl~ memory or acquaintance 

with the topic to t hose which expect ed an abi lity to apply 

27 
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a pr i n c iple to an unfamiliar situa tion . 

Items we r e chosen so a s to cover a similar topic or 

concept on two o f t h e t hree fo rms and were place d in 

di ffe r e nt posi tion s wi t h i n t h e t wo t ests. By t hi s de vice 

it was e xpe c ted tha t a t opic frequently omitte d in one f orm, 

beca use o f i t s position near the e nd , wo u l d be atte mpted 

in the othe r t est. Approx i mat el y hal f o f t he t e st items 

required calcul ating a numer i cal a nswer. 

· An atte mpt wa s made t o b a lance the three forms in their 

over all di f f iculty , and in the propo r tion o f mathematical, 

true-false, a nd o ne an swer t ype items which each con taine d. 

The ma jority , about t wo-thirds, we re i n multiple cho ice 

style . A number o f errors were pre s en t i n a ll three fo r ms 

on distribution, which are noted i n Appendix A. Students 

were also a sked to provi de informat ion on t he f ront page 

of the test f o rms , conce rning not onl y their persona l 

data, but al s o o f their past or pre s e n t enr olment in 

Mathematics 10 , 11, 1 2 , Bio l o gy 11 , Physics 11, and 

Science 10. Un f o r tunate ly , the que s t ion o f e n r olment in 

Chemistr y 1 2 o r r epetition of Chemi s t ry 11 wa s not 

included (Appen di x A) . 

The Rese a r ch a nd Standa rds Division o f t he De p a rtment 

of Educ at ion unde rtook t he t a s k o f prin ting the tests and 

distr ibuting t hem throughout t he Pr ovince on t wo occa sions. 
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In June 1972 they were administe r e d to all available student s 

who were taking or h a d t a ken Chemis t ry 11 in the 1971-72 

school year . In January 1973 the y were administered again 

(afte r the corre ction of s ome ty ping errors noted in Appendix A) 

to the new set of grade 11 students who had e nrolled in 

Chemistry 11 in the first semeste r of the 1972-73 school 

year. The distribution o f papers within each classroom was 

to be undertaken in accordance with specific directions 

which began by s tating the following purpose s o f the 

survey: 

These tests are gene ral achievement tests at 
the Chemistry 11 leve l and a re des i gned t o 
measure the extent of a stude nt's mastery of 
content and applicat ions of Chemistry 11 
material. Losses a nd ga ins in semcs t e r ed 
and non - semestered school s will be compared . 
Each stude nt will r eceive o ne of the thre e 
forms which are to b e trea t e d a s one f or 
administrative purposes . Af ter t h e norms 
have been ca lculated the te s ts will be 
available to teachers of chemistry students . 

There followed in s tructions for distr ibuting the test 

papers : 

The exami ner probably will have noticed that 
thre e forms (A, B, C) of the Chemistry 11 
tests a re a l ternated i n the package . Thi s 
will ensure r an dom sampling thr oughout the 
school and througho u ~ t he p rovince . Tests 
are to be dist r i buted a s they are r e c eived ; 
t he distribution should be made as i f there 
were on l y one form . 

The arrangeme n t which is referr ed to was an interweaving of 

equal n umbe~s of test forms A, Band C 11 
••• so that 
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random samples o f student s wou ld be obtained in each clas s, 

and the equivalence of the three forms could b e determined " 

(Conway, 1973, Appendi x A). The working time of the test 

was 60 minutes . Scratch paper was provided to the student 

at this r e searcher 's request. 

Population 

The three test forms were randomly distributed in the 

above way to a total population of 143 44 Chemistry 11 

students. Thi s number does not include al l students who had 

initially registered in the ~ourse since some students had 

left school prior to the examination date. In 1972, 2530 

students who had been e nrolled in Se ptember 1971 in the 

first semester of that school year were omitted from thi s 

analysis because it had already been demonstrated that 

this group' s achievement was signif1cantly below the rest 

of the population (B.C. Department of Education, Conway, 

1973). The resulting population f rom which a sample 

was analyz ed numbered 9814 students. 

Table I displays the number of students in each of the 

remaining three groups, and the percentage of the smaller 

population that is represented by each group . It will b e 

noted from the Table that in 1972 , l ess than 40 per cent 

of the p rovince 's senior secondary programmes offering 
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TABLE I 

Number of Students in the Population of Groups RS and F, 

And the Ratio of Each Group to t he Total 

Programme R s F Total 
R s F 

Number enrolled 3700 2668 3446 9814 

Number as% of 37.7% 27.2% 35.lgo 100% 
total en Tolled 

Number as % of tot a l 30 .0~ 21. 6% 27.9% 79.5% 
population tested 

R 3700 students enrolled in Ch ernistTy 11 in the regu l ar ten-month 
course (September 1971 - June 1972). 

s 2668 students enrolled in Chemistry 11 in the second semester 
from January to June 1972. 

F 3446 students enrolled in Chemistry 11 in the first semester 
from September 1972 to January 1973. 



32 

chemistry courses remained on a ten -month programme 

(R group). The other 62 per cent weie divided unequally 

between the first and s e cond semes t e r (F sroup and S group). 

Preliminary Treatme nt of S u bjec ts and Data 

The Research and Standards Divis ion collected and 

scored the enti re population of t e sted students. Their 

purpose was to establish provincial norms, and also to make 

comparisons between the semestered groups and the 

ten-month prograTILme and between groups with differing 

mathematical preparation. For this the Di vision used 

mean scores from the total population. They also selected 

a sample (in the manner described in the nex t section), 

after grading the papers for the purpo se of making a 

detailed item analys is and exploring variations in the 

difficulty evidenced by certain topics. These 3600 papers 

were then made available to the writer. 

Upon receipt of the papers, the students' test results 

were coded for data processing onto computer cards. Each 

answer was recorded and the test scores computed using 

the programme TESTAN (Appendix A), which also provided 

test statistics in the output. Information recorded by 

each student on the front page of the tests was also 

recorded on the computer cards to provide data for cross-



classification. This double scoring enabled the writer 

to correct a ny errors that occurred in the scoring 

process by comparing the scores arrived at by eac h 

researcher. 

Sampling Procedures 
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The selection of the sample was not undertaken by a 

s imple random method, but was gathered in a stratified 

a n d systematic manner. Exactly 300 papers we re withdrawn 

from each of the three fOfIDS for each of the thre e pro­

grammes, making a total of 2700 papers. They were wi thdrawn 

s ystematically from piles of graded papers which were 

stacked alphabetically by school , and any excess ove r 300 

pe r fo rm and programme were randomly discarded . Papers 

with zero scores from students who clearly had not 

attempted the paper we re also discarded . Thus the sample 

was strati fied with respect to the three forms and to 

the variable of main interest - the population g roups 

de s c ribed earlier. 

This sampling was done onl y once . Thereafter a 

cross-classification technique was used to con tro l and 

analyze those variables which ~re suspected of having the 

greatest influence upon the dependent variable . Categories 

which were recorded ib cluded the age ·and sex o f t he student, 
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the mathematical courses take n or being taken concurrently, 

physics or biology courses , as well as school, school 

district, grade level, and other identificational data. 

Tables IX and X in Appendix B indicate that thi s method 

of sampling yielded a sample means which well represents 

the original population means, in one case, within one 

half of one per cent. 

Sampl e Proportions 

By selecting exactly 300 p a pers from each group in 

each of the three forms, unequal proportions o f the 

population in each group were obtained. Of the students 

taking Chemistry 11 in the 1971-72 school year, approx­

imately 40 per cent were enrolled in the ten-month courses, 

the remaining 60 per cent came from a semestered organ­

ization divided more or less equally between the two halves. 

Thus the proportion o f students sampled from the regular 

ten-month programme was lower than from the two semestered 

groups. Tab le II shows that the se proportions range from 

23.0 per ce n t to 34.0 per cent. Other classifications, 

however, were obtained in the same proportions as had 

occurred in the to t al populations. Sex proportions turned 

out to be approximately 3:2, Boys:Girls. Table III shows 

the number and proportions of boys and girls in each group. 



TABLE II 

Sample Percentage: Total Numbers (N) of Students Writing 

Tests in Each Programme and the Samp l e Rat ios Taken (fx) 

-
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}_)rag. Form A · Form E I For~ C TotaliProgranun 

R Nl 1259 1235 1206 3700 

fl 23.8% 24.2% 24.9% 24.3% 

s N2 891 880 897 2668 

f2 33 .7% 34.0% 33 . 4% 33.n 

F N,~ 1168 . 1148 lJ. 30 3446 

f, 25.7% 26. 1% 26.5 ~~ 26.1% 
4 

Total NT 3318 3263 3233 9814 
per 

form fT 27 . 1% 27. 6% - 27. 8% 27.5% 

Sample N == 300 

f = 300/N for each Form 
X X 

fT = 900/NT for each Form 

e 
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TABLE I II 

Numb er and Perc entages of Boys and Gir l s in Each Sample 

Form A Form B For m C 
Progr amme Totals 

Boys Girls Boys Gi r l s Boys Girls 

N 176 124 180 119 181 119 899 
R 

s 

% 58 .7 41. 3 60.0 39.7 60.3 39.7 

N 164 136 174 126 163 137 900 
s s 

% 54.7 45 . 3 58 .0 42 .0 54.3 45.7 

N 193 107 168 129 168 131 896 
F s 

% 64.3 35 .7 56 . 0 L13. 0 56.0 43.7 

Unknown 0 4 1 5 

Totals 533 367 522 374 512 387 2700 

Form% 59.2 40 . 8 58 .2 41.7 56.9 43.0 
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Treatm ent 

Test forms . In this study, the only eleme nt of 

experimental control as defined earlier was exercised in 

the· r andom distribution of the three forms of the tests in 

approximately equal numbers in each clas s r oom (Conway , 

Appendix A). It was the intention o f the Research a nd 

Standards Division to pool the results of the three tests 

if their test statistics showed them to be sufficiently 

"equivalent ''. In the opinion of the writer, the variances 

were not sufficiently homogeneous, so the three forms were 

treated as non-equivalent, and the three forms utili.zed 

as three replications of th~ one survey. The f orms were 

labelled A, B, and C (Conway Letter, Appendix A). 

Programmes 

The f irst main variable of interest, which dete r mined 

the choice of strata f o r s ampling purposes , was the type 

of school programme in which th e students took their 

Chemistry 11 course . The proqrarnme was either ten-months 

or a semstered school year , and students were enrolled in 

one of t hree progra:rmnes defined as fol l ows : (a ) Pro gramme R: 

a t en-month programme for September 1 971 to June 1972 1 

writing the test i n June 197 2 (Regula r Programme ); 

(b) Pro gramme S: a second semester programme from 



February to June 1972, writing the test in June 1972; 

(c) Programme F: a first semester programme from 

September 1972 to January 1973, writing the test in 

January 1973. A semest e r is a ~eriod, usually five 
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months long, in which a student takes only half the number 

of courses prescribed for credit for one school year. 

The second main variable was the sex of the student. 

This variable was obtained by classi fying the data, after 

scoring and sampling, from information provided by the 

student on the front of efch test paper. Five students 

of Form Band one of Form C did not identify their sex, 

and the papers had t o be di s carded before undertaking 

the two-way analysis of variance. 

Design 

A two-way analysis of variance was performed on the 

mean scores of each group on each form of the test 

separately. The analyses took the form shown below: 

Form A 

R t-----+--­

S t-----+---­

F 

Boys Girls 

Form B 

R t----+----­

S 

F 

Boys Girl s 

Form C 

R 1---------

s 1--------
F ___ ,._ __ _ 

Boys Girls 
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Hypotheses 

The following null hypotheses were tested: 

H1 : there is no significant difference between the mean 

s cores in programmes R, S, and F ; 

H2 : t here is no significant difference between t he mean 

sco res of Boys and Gir l s; 

H3 : there is no s i gnificant interaction between t he sexes 

a n d t he programmes in mean scores o f each o f t he s i x 

subgroups . 
. 

Eac h of these hypotheses was tested separate l y for 

Forms A, B, and C. The analysis was undertaken using the 

computer programme ANOVA 22 which computes a two-way analysi s 

for uneven cell f requencies. After reviewing the power 

func tion a t a = . 01 and a = .OS, the leve l o f s i gni fi c anc e 

was s e t at a = .05 (Table XI Appendix B). 



CHAPTER IV 

PRESENTATION AND I NTERPRETATION OF THE DATA 

Test Statistics 

Table IV records the mean scores , standard deviations , 

and number of s tudents in each o f 18 subgroups when the 

data are c ategorized by semester, sex and test f o rms. 

Figure 1 illustrates the mean scores in relation to the 

three programmes and shows the means wi th s exe s pooled 

and sexe s separated. It may be observed t hat the means 

are everywhere lower f or girls than fo.r boys and so are 

the standard deviations, variances and reliability co­

efficients. The only exceptions are the two reliabili ty 

coefficie nt s for Forms Band C in the second semester 

(Table IV, page 41, and Tables VI and VII Appendix B). 
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Form A 

Form B 

Form C 

TABLE IV 

Mean Scor es (m) and Standard Deviations (sd ) 

and Enrolment (n) i n Each Subgroup 

B oys 

m 15.38 
R sd 5.71 

n 176 

Ill 15.09 
s sd 5.44 

n 164 

m 13.56 
F sd 5.31 

11 193 
. 

m 13.94 
R sd 4. 51 

n 180 

m 13.97 
s sd 4 . 19 

n 174 

m 13.86 
F sd 4.56 

n 168 

m 14.15 
R sd 5.29 

n 181 

m 1/i .17 
s s d 5.70 

n 163 

m 13 . 94 
'!.' ... sd 4.71 

n 1.68 
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G · 1 ir _s 

12.81 
4.38 
127 

12.98 
4.89 
136 

12 .58 
5.10 
107 

12.61 
4.19 / 

119 

13 . 07 
4 . 19 

126 

12. 89 
3.92 
129 

12. 92 
4.43 
119 

13.00 
4.98 
137 

13. 00 
4.4 5 
131 
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Result s of l h e Ana l ysis of Variance 

The t wo-way Analysis of Variance , using the programme 

ANOVA 22 , yielded the following results 

Source 

F Sex 
0 Pro gramme 
R Interaction 
M 

A Error 

F 

0 
Sex 

R 
Programme 

M 
Inter action 

B Error 

F Sex 
0 Pro gramme 
R Interaction 
M 

C Error 

* Significant at 

1 Based on Win er 

df 

1 

2 

2 

894 

1 

2 

2 

892 

1 

2 

2 

888 

the 

TABLE V 

Analyses of Variance(l) 

MS F 

786.90 28 . 96* 

13·4 . 26 4 . 94 * 

4 7. 61 1. 73 

27.17 

246.69 13 .40* 

3.21 0.17 

3.88 0 . 21 

18.42 

269. 82 10.81* 

1. 22 0.05 

1.65 0.07 

24 . 95 

.05 level. 

(1962, pp. 224-2 27 , 291-297). 

p 

0 . 00002 

0.007 

0.18 

0.0003 

0.84 

0.81 

0.001 

0.95 

0.94 
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Interpret ati on o f the Ana ly sis 

H 
1

: P1~0 g r m,i1'1c; s . For Fo rms B and C, t here was no 

significant dif fe rence in the mean scores of students in the 

three programmes, R ,S and F . In these two replications we 

cannot reject the hypothesis. Form A shows different 

results. The mean scores between the programmes showed a 

signi ficant dif f erence at less than 1 per cent . Therefore, 

for Form A, the hypothesis may be rejected (Table V). 

The graph illustrate s a tendency for progra:m,"'tle F -

the ·first semester tested in January, to show a lower mean 

score especially in Form A. 

H2 : Sex Differences. Table V shows a significant 

difference between the mean scores of boys ana girls on 

all prograITLmes. This was true in all three replications. 

The differences are illustrated in Figure 1 and show the 

boys always in the lead . Therefore, Hypothesi.s Two is 

rejected. 

The graph also shows that there wa s a tendency for 

girls to do best in the second semester in all forms. 

Boys seem to do equally well on a ten -month or second 

semester situation, but less well in a first semester . 

The significant difference t,etween the progrc1mmes in Form A 

is located among boys, not girls. 
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H3 : Interaction Effect . From the result s shown in 

Table V, the h ypothesis tha t there is no interaction effect 

between the programme and the sex o f the stud e nt cannot be 

rejected. Mean scores illustrated in the graph, however, 

suggest the presence of some interaction . They indicate 

that the significant d ifference between programmes for 

Form A is due to the boys' scores and not the girls ' 

scores. This degree of interaction invite s fur t her 

investigations by methods of analys i s which are designed 

to uncover underl ying causes and explore several of the 

potentially interacting factor s in a more specific way . 



CHAPTE R V 

DISCUSSI ON AND S UGGESTIONS FOR FURTHER RESEARCH 

Overview 

In order to assess the relative quality of the 

learning environme nt in Chemistry 11 courses where pro ­

grammes have been reorganized under a semester system,. a 

set · of three similar one-hour tests were randomly admin­

istered to the Chemistry 11 population throughout the 

province o f Bri t ish Columbia in June 1972 and January 1973 . 

A sample o f these test results was se lected and analyzed 

by a series of t wo-way analyses of variance . Pro gramme 

and Sex were the main effects for the analyses. The 

following hypotheses were tested: (1 ) that there were no 

significant differences in the achievement of students on 

the bas is of sex, (2) that there were no significant 

differences in the achievement of students on the s emester 

or non-semestered programmes , and (3) there were no 

significant int eruction between the sex and programme 

factor s . 
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The three forms o f the tests - A, B, and C - though 

carefully matched in l ength a n d . di f fi culty , we r e not 

identical in subject matter . Al l top ics incl uded were 

part of the Chem: stry 11 course, and the majori t y we re 

presented in t wo out of the three tests . The re sults were 

not pooled for analysis purposes because the difference 

in the variances of the three forms suggested that they 

should not be regarded as equivalent forms. They were 

there fore treated as three parallel stud i es. 

The t wo-way analys i s of variance yielded the 

following result s : (1) There was a significant di fference 

between the mean scores o f boys and girls on al l three test 

forms, t h e boys showing the highe r scores in a ll three; 

(2) There was no s igni fican t diffe r ence b e t ween the mean 

scores of students in Chemistry 11 who took the course on a 

ten-mont h or on a semester basis for test forms B or C. 

For Form A, however , there was a significant difference in 

favour of the ten-month and second semester over the first 

seme s ter scores ; (3) There was no significant interaction 

betwe en programme and sex indicated by ANOVA 22 . 

Dis cus si on 

The results from the analysis of variance show a 

dif f e r e nce between the three forms , but this s tatisti c al 

significance canno t by itself lead to any conc lusions about 
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the reasons for this difference - other information must be 

taken into account. Examination of Table V (page 43) .and 

Figure 1 (page 42) reveals that the significant programme 

effect in Form A was due to the boys' scores and not to 

those of the girls. Also Figure 1 shows a tendency for 

girls to do best in the second semester, and boys to do 

least well in the first. These findings invite further 

investigation into possible masked interaction effects, 

as well as indicating points for discussion relating to the 

main effects. 

Sex Differen c e s 

In Forms A, Band C boys performed si gni f icantly 

better (p ~ 0.05) than girls on those skills measured by 

the evaluation instruments used in this study. These 

instruments showed a lower reliability for girls than for 

boys. Further study of sex differences in the secondary 

high schools would seem to be indicated. The findings of 

other writers do not conf i rm the belief tha t girls are, 

in all cultures, inferior to boys in their mas t e ry of 

scientific and mathematica l subjects (New Sta te sman, 1956). 

The r e asons must b e sought in o t he r areas s uch as the atti t ude s 

of stude nts t owa rds scie n t i f ic c a r e er s , a ttitudes of 

teachers towa r d s stude nts in science cla s ses, a nd in t he 

general expectat i ons which surround the l earning envi r onme n t . 
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Strong socia l pres s ures conne cted with role · e xpe ctations 

for the s exe s have been pointed out b y Fr i eden (1 96 3) 

and Farrell (1974). I t has also been noted by Newcomer 

(1959) that the participation of women in s cie nce education 

differed with the social environment , be ing h i gher in 

women 's colleges in t he Unite d States than in co - ed 

insti t tions. Thus the clear differences between sexes in 

their participation in school educational activities and 

in career choice s may not reflect thei r relative i nnate 

abilities . Differe nce s in a c h ievement in science and 

mathematics, noted by Keeves (1973 ) i n his international 

study in ten countr i e s , showed widely differing results 

between nati onalitie s . In analy zing th e complex ne t work of 

forces associated with cultural norms , expectations and 

sex roles, he suggests that insufficient attentio n has been 

given by researche rs to the po s sibility o f inequa lities 

between boys a nd girls in the educational opportunities 

made available to them. Teacher attitude s b oth inside 

the classroom in their teaching styles and expec tations,and 

outside in t h e planning of the time table s , may be a 

critical f a c t or in influencing s tudents ' choices of courses . 

Anothe r poten tial factor that has been reported is 

the differe nce s i n cognitive style s between boys and girls 

(Field and Cropley , 1969 ; Lodge , 1959). Their findings 
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sugges t that teaching and testing methods may be mo re sui t­

able f or one sex than anothe r. Newbury (1965) ha s noted 

that in laboratory teaching, girls prefer demonstra t ions 

while boys prefer to do the experiments themse lves . Current 

t esting methods strongly favour memorization , but i n this 

study, the three tests contained a conside r able number o f 

items requiring appli cations of a princ iple t o a n unknown 

situation . It has been noted that the t e sts' re l iability 

indices were lowe r for girls on all three f o rms suggesting 

tha t in some way the test instruments were more suitable 

for boys . Some might wish to argue that the emphasis on 

t h e application level of questioning that was used in this 

study's tests could account in part for the consistent 

sex differences in the a c hievement scores . If we c a n 

e quate the application level of questioning with pro b l em 

solving and the Piagetian stage of thinking known a s 

for mal operations, then these findings could be sai d t o 

c onfirm more recent investigations of Shayer and Wylam 

(197 6 ) . After studying student achievement in problem 

solving, they concluded that a girl ' s development in 

o perational thinking ceases or slows down temporarily around 

14 years, whilst in the boys it continues to develop through­

o ut their fifteenth and sixteenth year . Although their 

study leave s open the question of renewed development 
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in later years , it does s ug~e st a rationale for apply ing 

different teaching strategies to t he secondary school age 

group. Some further indications o f thi s pos s ibi lity 

are present in the results o f the analysis o f the s chool 

programmes , to which progra~.mes boys and girls appear 

to react differently . 

Differ ences Between Programme s 

For Form A there wa s a significant differenc e between 

pro~rammes due to the boys scores. F i gure 1 wh i ch 

illustrates the r esults in Table V, shows tha t the ten­

month year is favored for the bo ys, but is only second best 

for girls. The results when the s exes are pooled still 

favours the ten-month programme over fall or spring 

semesters . 

No such significant differences were found f or Forms 

B or C. This does not i mply that Form A results should be 

ignored however , but it does suggest tha t any inference 

which might be drawn from Form A's pooled results should be 

examined more cri tically. The inference that Chemistry 

student s will achi e ve better results if the course is 

taught on a regular t en-month programme c an be seen on 

closer examination to be onl y a justifiable conclusion for 

boys. Diffe rences between the results of t he three Forms 
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raises more intere sting que stions than the simple one of 

which is best - semesters or ten-month programmes. 

Form A's significant trends favouring the ten-month second 

semester programmes over the first semesters can be 

detected to a non-significant extent in the other forms, 

supporting the need for further more analytical investigation 

into contributing factors. Although the results were 

clearly test dependent the overall achievement levels 

and trends among the programmes were comparable. The tests 

were not rated equivalent and no claim was made to achieve 

an item-by-item equivalence, but only a general standard 

of overall difficulty, range of topic and type of item 

included on each test. A closer look at the item 

statistics and the composition of Form A was taken in 

order to search for some underlying relationship between 

the significant programme effect and this test's particular 

pattern of results. 

How was Form A different? It was the longest test 

in terms of the number of test papers which we r e recorded as 

unfinished. By definition, a test paper is unfinished if 

the last ite m or items are not apparently attempted. The 

substanti al diffe rence between the number of unfinished 

tests for the three forms (Table VIID is directly related 

to this definition . Form A had two of the hardest 
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question s as th e l a s t two in the paper . Forms Band Chad 

items of similar diff iculty placed in othe r positions on 

the test. By th is definition the fewest unfinishe d tests 

occurred in the t en - month programme s and the greatest number 

occurred in first semester . Girls p roportionally left 

more tes ts unfinished than boys. 

Another way in which Form A differed slightly from the 

other t wo was in the number of items requiring mathematical , 

calculation. Form A had 1 7 items , Form B , 14 and Fo rm C, 

19 items out o f 30 in thi s c ategory. These slight dif fer­

ences paralle l the differences in t:he numbe r o f unfinished 

papers, sugges tive o f the i mportance of the time element 

involved i n calculation and problem solving. 

In 197 3 , Conway used di fficulty a nd discrimination 

indices to uncover items of greater difficulty and showed 

that some o f the mo re difficult topics were those in which 

mathematical manipulations were required (British Columbia 

Department of Education, 1973). In a second study he 

used the data from the entire 1973 population to assess 

the effe ct of the scheduling of Mathematics 11 courses 

relative to Chemi.stry 11 under the semester system. Conway 

divided the population into three groups - those who had 

taken Mathematics 11 before, during or after Chemistry 11. 

He concluded that although "it can re_adily be seen that 
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those who previously [have] t ak e n Math 11 usually have hi gher 

chemistry scores, a po s itive conclusion that Math 11 should 

be a prerequisite is not justified." He argues tha t 

the results are usually due to self-selection of pupil s 

in terms o f general ability. 

The writer questions thi s argument since a student's 

choi ces, when they register for new courses , are as o ften 

influenced by what is available as by personal interests. 

They may also be guided by the advice of a counsellor, but 

there seems to be little ~videnc~ that chemistry students 

have been advised of the appropriateness of doing Mathe­

matics 11 before or at least concurrently with Chemistry 11. 

The wri ter's analysis of the sample me ans did not support 

the view that reorganizing the school year into short 

semesters makes no di fference to student achievement . By 

breaking all the large groups down into the smaller sub­

groups by sex and mathematical preparation, some inter-

esting trends and differences appeared which were 

obscured by the averaging process . A visual di splay o f 

some results from a preliminary investigation into this 

aspe ct of the problem is shown in Figure 2. The poin t s 

on the graph are taken from the mean scores recorded in 

Table IX (Appendix B). In Figure 2, in group l students 

who were taking Mathe·matics 11 concurrently with Chemistry 11 
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and in group 2 we re thos e wh o had completed Ma thematics 11 

before beginning the chemistry course. It would appear 

that boys do consistently better if they t ake Mathematics 11 

in advance of Chemistry 11, but that girls have a greater 

measure of success if they take Mathematics 11 concurrent ly 

with Chemistry 11. The d ifferences average out when the 

sexes are pooled, completely obscuring the importance 

of co-requisi te ma thematics. 

The ob servation that some of the difficult topics 

were those in which mathematical manipulation were 

required would suggest a need to coordinate the teaching 

of science and ma t hematics courses when planning school 

curricula. 

Lockwood (1957 ) investigated the general belief that 

high school stude nts often avoided chemistry and physics 

because of the level of diff i culty o f the mathematical 

content. He concluded that a first course in a lge bra was 

sufficient for the needs of chemistry courses. Denny 

(1971) analy zed chemistry tests which were copyrighted in 

the 1960' s, and listed ten mathematical skills that were 

needed to solve all problems that would be encountered 

therein. A review of B. C.' s mathemat ics course s in light 

of these ten nee de d skills indicates that f i ve of them were 

not taught until Ma thematic s 11. The t r adit i onal year 
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programme was planned so that Chemi stry 11 and Ma thematics 11 

would be taken concurrently but under a semester schedule 

a student may enrol in Chemistry 11 and Mat hematics 11 

in di f f erent semesters. It was ascertained from Conway's 

records that the proportion of students in Programmes Rand S 

who had not taken Mathematics 11 before completing the 

Chemistry 11 course was only 4 per c ent, but in Programme F 

this proportion rose to 29 per cent. These students 

would have taken no algebra course since grade 9, s ince 

at that time the grade 10. course consi sted s o lely o f geometry. 

Some evidence that this weakness in mathematics grounding 

could affect chemi s try scores may be seen by comparing 

Figure s 1 and 2. In Figure 2 the l atter mathematical 

group has been omitted , and the mean scores in Programrne F 

are no longer perceptibly lower than i n the other p r o gramme s, 

suggesting that this gro up may be one cause o f the lower 

performance shown in Figure 1 and •rable V. The large 

proportion of 29 per cent sugges ts a l ack of interest 

in any joint planning of mathematics a nd science courses 

at several levels of the system . 

Many wr iters comment on the lack of co-operation 

between mathematics and science teachers . Both Crawford 

(1971) and Rising (1967), in writing of th is need , call 

for sustained and serious consultation between t he m. 
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Students do not nece ssa rily r e c ognize a familiar technique 

in a new guise; there are freq uently d i ff e rences in notation, 

te rminology, and proce dures be t we en the three sciences due 

to traditions in each discipline. There is no mention made 

in the provincial Chemistry course outline o f the mathe­

matical ski lls required f or success in the course - an 

omission which illustrates the point. The disturbing 

feature of these observations is the prevalence of 

organi zational practices which s e em to take so little 

account of the students' learning needs, in spite of a 

large body of experience and research. 

Interactio n 

There was no signi f icant interaction effect found 

between programme and sex from the results of ANOVA 22. 

Examination of Figures 1 and 2 indicate the potential 

for some interaction of programme and sex. Figure 1 

illustrates that the significant programme effect for 

Form A was due to the boys' scores, and Figure 2 indicates 

that girls could gain higher me an scores than boys under 

certain programme conditions, n urne ly, if they took their 

chemi stry in the second semes t ~ . and were studying their 

Mathematics 11 concurrently . 

The above observations r a i s e the question as to 

whether the s electe d method o f analysis was the most 



appropriate in view of the manner in which the data was 

collected . The design was one which has been described 
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as "quasi experimental" (Glass & Stanley, 1970, p. 501) 

because there was no random assignment of experimental 

units (students) to treatment categories. Instead the 

control of significant variables was undertaken by 

classification of the data after the tests were written and 

graded. Thus, the choice of an analysis technique which 

is intended for use with the true experimental design 

may not have been the most appropriate mathematical method, 

since it may lead to incorrect interpretation. Overall 

and Klett (1972), in describing three methods of calculating 

an analysis of variance, observed that 

powerful supp ressor effects are not uncommon 
between classification variables and their 
interactions .... In dealing with 
highly interdependent classification variables 
it may not be useful to test the significance 
of the indepe ndent effect o f each factor 
adjusted for all others. Method 3 has a 
pronounced advantage in minimizing the 
possibility that significant effects will 
cancel one another out (p. 454) . 

. Method 3 referred to here is known as the step d oi,m 

analysis or the f orwar d eliminati on o f e ffe ct s and can be 

used to show the total effect of a factor unadjusted for 

other facto r s. It is clear from the data presented, and 

Figures 1 and 2, that there are considerable cancellation 

effects pre sented in this data, both between programme and 
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sex factors and between sex factors and the s cheduling of 

mathematic s courses . A three - way analysis us ing the step 

down approach could reveal the fuller extent of these 

interactions. 

Another approach could be to eliminate one set of 

interactions by undertaking an analysis on each sex 

separately. By this me thod the differences in the varia­

bility becomes reflected in the separate F ratio for each 

sex when t est ing for significance of the programme effect. 

It follows that the chances of obtainins a sign ificant F 

ratio will be increased with this data, because the 

larger population (boys ) is also the group with the large 

variances (Glass & Stanley, 1970, p. 372; Overall & Klett, 

19 7 2, pp. 4 5 5-4 5 8) . 

In summary, despite the limitations of the pro gramme 

which was u sed, it seems clear that further investigation 

which takes into account a greater number of variables, 

in particula r the scheduling of related courses such as 

mathematics, might more clearly define what lies behind 

the programme factor. 

What Furth e r Re search Is Indi ca t ed? 

The following areas have been identified as requiring 

fu r t h e r research. Each could be studied individually, 
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the sex factor . 
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1. I tem statistics could be studied in detai l to 

examine whe the r difficul ty and discrimination indices are 

sex -depende nt o r t e st-depe n dent in terms o f the position 

of the item on the test . They could also be evaluated in 

terms of t he de gree of mathemat ical preparation a student 

had r eceive d before takin g the chemistry course or the 

chemi stry t e st . The programme of studies in which a student 

was enrolled - t en-month or s emester system - should be 

another factor upon which to compare the difficulty and 

discriminating power of a part icular item . The de pendence 

of te s t writers upon such stat i s tics in designing tests 

makes this type of research imperative. 

2. Further examination o f the s emester system is 

indicated in light o f scheduling practices of related 

courses, especially Mathematics 11. How o f ten do students 

take Chemistry 11 before they take Mathematics 11? Do girls 

and boys d i ffer in the effect , if any, o f scheduling 

Mathematic s 11 and Chemistry 11 concurrently? 

More precise methods o f analysis and c ontrol of 

variables could de t ermine whether there is a s ignificant 

interaction between the sex o f s t udents and the variety 

of school programmes now being o f fered to students in 
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high schools. Course enrolments show that l itt l e attempt 

is made to schedule courses consecuti ve ly or on the basis 

o f re l ated subject matter in the semeste r ed high schools_. 

The system was set up at least in part to make it easier 

f o r a student to acquire credi ts towards graduation 

(Nanaimo , 1968-69; Abbotsford , 1974); so perhaps it i s the 

c redit system rather than its o ffsprin g , the seme ster 

s ystem , which requires re - examination. Coupled with the 

administrative problems of using one's staff effectively, 

i t would appear that the acquiring of students' credits . 
has bec ome more important than the des ire to teach more 

effectively . To do this would necessi t ate moving staff 

t o other schools between semesters , as Saunders (1974 ) 

has pointed out . Failing this flexibility , courses are 

scheduled inevitably to fit the staff available. 

3. The need for further examination of s ex differ­

ences is the maj or out come of this study. It is not 

e nough merely to examine results on some achievement t ests 

and then conclude t hat one sex achieves b e tter than 

a nothe r. The mru,y variables involved need to be identified 

and studied. Some oth~ r variables should be pursued in 

t he area of teaching and learning styles and methods along 

t he lines of the work of Welch (1969) , Piaget (19 59 ), 

and Lodge (1 96 9). If it were to be found that gi r ls and 
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boys do indee d differ in their reaction to school organ­

ization, to certain teaching me thods and to male and female 

teachers, what would be the i ~plications of such findings 

for future educational decisions, and by whom will such 

decisions be made? 



64 

REFERENCES 

Abbots f ord, Board of School Trustees. Report of the 
semes ter study cowmi ttee, Abbotsford Senior Secon dary 
School, December 1974 . 

Anderson, J. R. A multivariate analysis of attendance and 
achievement in s econdary schools organized on trad­
itional lines and semester s y stems. M.A . Thesis, 
University o f Victor i a , April 1972 . 

Ashmore, P.G. On tea ching high school chemistry. Science, 
196 5 , l4B , 1312-1314. 

Bradley, J. & Hutchins , D~ Concep ts of science and 
scientists as f actors affecting subject choice in 
secondary schools. School Science Re view , 1973, 
54 (190), 8-15. 

Bridgham, R.G. Grading and enrolments in t he sciences . 
Scien ce Teacher , 1973, 40 (6 ), 41-42 . 

British Columbia, Department of Education. Annual Report . 
Victoria : Queen ' s Printer , 1968-69, 1969-70, 1970-71. 

British Col mnbia , Department o f Education . Curriculum Guides 
for Chemi s try 11 an d i2. Victoria, 1966 . 

British Columbia, Department o f Education . Report to the 
Ministe r Dona ld L . Bro thers of the Committee on School 
Utilization. (By J.L. Canty) Victoria, B.C., 1969. 

British Col umbia, Department of Education . Report on 
testing Chemistry 1 1 in June 1972 and January 1973. 
Research and Standards Divi s ion. (By C.B. Conway ) 
Victoria , B.C., 1973. 

Briti sh Colmnbia , Roya l Cowmission o n Education 1960. 
Chairman, N. Chant . Report . Victoria : Queen ' s 
Printer , 1 9 6 0 . 

Coley, N.R. Prediction of success in general chemistry 
in a commun ity c·olle ge . Journ al of Chem ical Educat i on , 
19 73 , 50H , 613--615. 

Conway, C.B. Letter , 1976 . 



65 

Coul s on , E. H. Nuffie ld chemistry at "A" level. Education 
in Ch em istY'y , 1973, 6 , 200-202 . 

Crawford , D. H. Relat i ng ~athematics and science at the 
secondar y level. Ontario Mathematics Gazette , 
Septembe r 1971 , pp. 1-16. 

Crawley, D. M. The ef f ect of sex differences arid absence of 
instruc to r on student attitudes. Unpublished paper , 
University of Victoria, March 1975. 

Denny, R. The mathematical skill test for chemistry. 
Journal of Chemical Education , 1971, 18 , 84-86. 

Downing , J. & Thomson, D. Sex role stereotypes in learning 
to read. Unpublished paper, University of Victoria, 
1975. 

Downing, J. et al. A cross-national survey of cultural 
expectations and sex-role standards in rea ding. 
J our nal of Research in Reading (in Press) for 1979 . . 

Farrell, W.T. Growing up male in America . l9?4 Ye ar·b oo k , 
The World Book Encyclopaedia . Ch i cago: Field 
Enterpri ses Educational Corporation, pp . 92-105. 

Field, T.W. & Cr opley , A.J. Cognitive style and science 
achieveme nt. Jou r nal o f Resear ch in Scie n ce 
Tea ching , 1969 , 6 , (1), 2-10. 

Frankel, E. A compara t i v e s t udy o f a chievi ng and under­
ac hieving high sc hoo l boys of hi gh intellectual abil ity . 
Research of science, U.S. Department of Health, 
Education and Welfare, July 1957-1959. (Abstract) 

Friedan , B. The Femini ne Mysti que . New York: Norton, 
1963. 

Gallagher, J.J. & Korth , W.W. Test every senior proj ect: 
Attitudes of seniors concerning science. Paper 
presente d a t the Na tional Association for Research 
in Science Teaching Conference , February 1969, 
Pasadena, California. 

Glass, G. V. & Stan l e y , J.C. Statistical methods in edu ca t i on 
and psychology . New Jersey: Prentice-Hall , 
1970. 

Gleadow, Norma n. The semes t e r sys tem in Vancouver schools 
and its effects on curriculum. Evaluati on Research 
service s of Vancouver Board of School Tr us t e es, 
January J. 975 . 

Hill , P.L. Se me stering and its i mpact o n On tario. 
OSSTF Bull e tin , 1974, 54 , 199-20 3 . 



66 

Ing l e , R.B. & Shayer, M. 
"O" l evel che mis t r y . 
1971, 8 , 1 82 -183. 

Concept ual dema n d s in Nuffield 
Education i n Chemis t ry , 

Inhe l der, B. & Piaget, J. Th e growth of logica l thinking 
from chil dhood to adoles c ence : An essay on t he 
construction of f ormal operational structures . Trans. 
A. Parsons & S. Milgram.New York: Basic Book s, 
1958. 

Johns t one, A.H. 
Scotland . 
21-49. 

Evaluation of chemistry syllabuses in 
Studies in Science Education , 1974, 1 , 

Johnstone, A.H., Morrison, T.I. & Sharpe, D.W.A . Topic 
difficultie s in che mistry. Education in Chemistry , 
1971, 8 , 212-213, 218. 

Keeves, John. Di ffe rence s b e t wee n the sexes in mathematic s 
and science courses. International Re vi ew of Education 
XI X/ l9?3/l (Sp e cial Number - the Education of Women), 
UNESCO Institute fo r Educa tion, 1 9 73, pp. 47-63. 

Lockwood; J.B . Ma t hematica l p roce s se s nee d ed in lea rning 
high school chemistry and hi gh school phy sics. 
M.A. Thesi s , Western Michigan College, 1957. 

Lodge, F. Student rating of science s k ills. Sc i e nce 
Education , 1969, 53 (5), 421-422. 

Malm, L.E. (ed.) 
e x per-imental 
1960, 1963. 

Laboratory manual for chemistr y : An 
sc~ence . San Francisco: Freeman, 

MacLennan, L.K. Semestering and non-semestering: A trial 
marriage . OSSTF Bulletin , 1974, 54 , 105-109. 

Martineau, H. Socie t y i n Ame r ica . London: Saunders­
Otley, 1 8 3 7. 

McLellan, A. (ed.) 
exper-imental 
1963-70. 

Teachers guide for chemistry : An 
science . San Francisco: Freeman, 

Merrill, R.J. & Ridgway , D.W. The CHEM Study story . 
1 96 9. San Franc i s co: Free man, 



Mil l e r, L. C. 
Teach e2·,, 

Another view o f CHEM Study . 
1 967 , ,,; ;; , 60 . 

67 

Th e Scie nc e 

Na naimo , Board o f Schoo l Trustee s . Semester p lan : Nanaimo 
District Secondary Schoo l . Nan aimo , B.C., 
Se ptembe r 1 968 . 

Nana i mo, Board of Schoo l T~ustee s . Pre l iminary e valuation 
of s emes t e r s ys t e m at Na naimo Disri c t Se c ond a ry 
Schoo l . Nan a i rno , B. C, July 19 69 . 

Neter, J. & Wasse rman , W. Fundame n t al s tat isti c s fo r 
bu s i ne s s and eco nomic s . Boston: Allyn & Ba con, 
1966. 

Newbury, N.F. The t ea c hing o f che mi s t r y . Londo n: 
Heinemann, 1 9 65 , pp. 1 33-134 . 

Newcomer, M. A cen tury o f higher education f or wome n . 
New Yor k: Harpe r Bros., 1 959 . 

New S t at e s ma n . New mi nds fo r t he new wor ld. September 8, 
1956, p. 279. 

Ostle , B . Stat is tics i n r esearc h . Ame s: Iowa Sta te 
Univers i ty Pres s, 1969. 

Overall, J.E. & Kl e tt, C.J. Appl ied mu ltivari ate analy s is . 
New York : McGraw- Hill, 1 972 . 

Pearson, E.S. & Ha rtle y , H.O. Charts and the power fun ­
ction for analysis of variance t es t s de rived from 
the non central F distrib ution . Biom e trika , 1951, 
3 8 f 112 - 130 • 

Pimental, G. (e d .) Ch emis t ry : An experime nta l science . 
Prepare d by Che mica l Education Materi a l Study 
(CHEM Study ). Sa n Franci s co: Freeman, 1960-1963. 

Preston, R.C. 
children . 

Reading a chievement o f Germa n a nd /1.me r i c cm 
Sc ho o l an d s oci et y , 19 62, 90, 350-354. 

Rising, R.G. Developing ancillary s k i ll s ; 
deficiencie s in the scie nce cla s s room . 
.Te ache r·, 1 9 6 7 , 8 4 , 2 9 - 31 . 

Mathema t i cs 
Th e Sci e nc e 



68 

Ro t hman, A.I. , We l c h, W.W. & Walberg, H.J. Ph ys i cs teacher 
ch a racteristics a nd studen t learning . Journal of 
Re s ea r ch in Science Teaching , 19 69 , 6 (1), 5 9-63 . 

Saunders, R.G . Seme stering . OSSTF Bullet in , 1973, 53 , 
203 - 20 6 . 

Shayer , M. 
view. 
(a) 

CHEM Study in a n English school : A personal 
Education i n Chemistry , 1970, ? , 54-55. 

Shayer, M. How to as s ess science cour ses . Ed uca t i on in 
Ch emis t ry , 1970, ? , 182 -186 . (b) 

Shayer , M. and Wy lam , H. The distribution of Piagetian 
stages of thinkin g in British Middl e and Se condary 
school children. (II 14-16 year o l ds and sex 
diffe r enc e s). Bri t i s h J our na l of Edu cat i ona l 
Ps ych ology , 197 6 , 46 , 16 4-173. 

Smeltz , J. R. Retention of lea rning in hi gh school 
chemi s try. Th e Sci e nc e Tea ch e r , 1956, 23 , 285-305. 

Speed, F.M . & Hocking, R.R. The use of R nota t ion with 
unbalanced data . The Ameri can Statist ic ia n , 
1976, 30 (1), 30-33. 

Stolee, Lief. 
schools. 
1978. 

Math A 's increase 1391.7% in post exam 
S t . J ohn ' s Edmon t on Repo rt , June 2nd, 

Vancouver, Board of Schoo l Trus tees . An evaluation of 
semeste r ing in Vancouver s e condary schools during 
1970 -1971 school year. De partment of Planning and 
Evaluation Resear ch Report No. 71-19. (By Allan G. 
Moodie) Vancouver, 1971. 

Vict9ria, Boa rd of School Trus tees. Semester system : 
A prelimina r y evaluation. The Research a nd Te sting 
Divi sion, School District 61, Greater Victoria , 1970. 

Welch , W. W. Corre late s of cours e sati s faction in high 
school p hy sics . J our nal o f Re s ear c h i n S cience 
Teachi ng , 1969, 6 , 54-58. 



69 

Williams , H.R . & Koflsche , C.L . Organization of c he mistry 
c lasses: A comparative study of two pattern s o f 
t eaching o f high school chemistry . The Scie nce 
Teach er ~ 1 967 , 34 , 52-54 . 

Winer, B.J . Stati stical princip l es o f expe r imen tal des ign . 
New York: McGraw-Hill, 1962 . 



APPENDIX A 

Test Methods of Distribution 

Sampling Procedures 

70 



71 

ERRATA 

Test Fo rms 

A number of errors were present in all three forms as 

follows: 

Form A. Question 1. Both the fourth and fifth distractors 

were numbered (4) and the word "head" was omitted in dis­

tractoi (2) . Both these errors were corrected in the papers 

sent out in Janua ry 1973. This question was incorrectly 

keyed f or (2) as the corre ct answer instead of (3) through­

out the study in the departmental grading. This was 

corrected in the regrading of the samples by computer. 

Form B. In the preamble to questions 10 and 11, the 

word "obtain" was omitted making the question much less 

intelligible. In question 11 the word "oxide" had been 

incorrectly inserted. In question 27 an arrow had been 

omitted from an equation. None of these errors were 

corrected in the January 1973 distribution. 

Form C. In Item 27, Fes 2 had been incorrectly written as 

Fe
2
s. This was corrected in the January forms. 
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Cl:~.::K T:! E ~:,J~~,r::::; T. 'X l' \'C:J J~WE FIUSO ! K Oll TliE COVE R." 

(5) l!.:.v, : ~. c !:>o ~k l cts co ll ,c tc :! J t once . :fak e ~ure th:>t pu;,ils h;ive cnte r <? d 
J ll tni~:-::..:i:! on necc ssJ ry ~or i :!c:1t i !ic" tic n and c l Hsificacion . It is cspcc ~.1 lly 
i e; .-~ c : o:u t h ., t t he stccent~ • su:-r.:1:1:es ;ire printed l ~g ibl y , fo llo~·e d by t h" ir 
i ~.,t~~ls . 

{7) C::::;.> l \!te th~ Li s t of A::"s ~:--. : ~cs (r. cxr. p.i_:;c) . Ar:- Jn~e t he bookl-:.:ts in 
~: ~~ aj ct lc o r~ c r ~ ~ ! ? l~ :e t ~is T i cJ lc ~ord .111d c!1e Li~ c of Abs c~ t ~cs on t op . 
Se~ :':::.: :~I! total r.t: ::~ c r .,: ~o~klc c :; co rr cs;,ond s t o t he nuobc r of pu? il s 1...':: o hav.l 
w-ri:.ten t ~e t c,; :.. l'7".Je: :: no circu::i.s t :i. :1.: cs s?~oul :i .1;,y at.c~~t be m..ldc. to m.:1 :-k tha 
c cs~~ . ::r.u ~~.! ~.:okl e~ s s !:c.c ld be s ep~ rated fror.i th e used booklt?ts by c~:.ns of a 
st-.e..?C of p:.pe r o r s ~;-.1 :-.1::e tyin~ , and be enclosed in the sw.m~ parcel . Do noc 
.t t c.::;,t to sor : oc:t i:o r.:.s A , 3 , C. --

Plc~a retu::-n i.=c<!~"t cly: 

(l) Ac~ 1cve;:;on t Tests (for.::is A, B, C mixed), Time Record and 
Li~t of Absentees . 

( 2) All unused tests (as i n Parasraph 7 above). 

to: R~siarch and St:>ndarjs Branch, 
D~? ~rcocn: ~f E&~c~tion, 
PJrli=<nt a~ildinss, 
V {~r n ri a. n _C. 

TIH2 P:C:C') :'.:) 

B.C. Che:::is t ry ll Tes ts - For= A, B, C 

( to be :returr.ed vi.th t ho tut p.pers) 

End of preliminJry directions : 
( "Open the booklet .uid bc6 in 

t he te s t. 11 ) 

Add 

Til:le to sJy: 1'S top. 
Close your bockltcs." 

Hr.1 Hin . 

60 

Th is nu~er is the total n~er of st1.:~ ents 
~'ho ,rrot& one f om of the C'c:c::ii s:ry ll 
t ests (i .e . equal to the n:.:.::0cr of used 
booklets). 

Sec. 

L!ST o: _;::;c;rr:"S 

(If, for ~~y r c ; s:n t -. y~n d 
yc-ur c c :=o : , · :. ~:~~ !. .i 
r.?: s::- c:ly a:.:.:e.:i,: c::., 
'IE: :1 :.c : :. .;: .i.e.:.·- ~!. t. i= ! ~ 

,;..n:! · • ..-r~: e .....:1 -e:..::;, :.::. ~:.;:--y 
&~:~ o= :t t s !\c: : ~c :t 1: 
A c ~:1~1 : ~ ~:Cc~~~ :, 
t:> 'i-"':',e.:.7.o! :- : ~.e SCO'!C '! ::s:..;,·.; 
b e i ~eludc~ ~n ~h~ pro­
vir:chl n:n~s.) 

1''"1...~~~ OF 
s ru:,::;:s w2.r.~c 

List the n=es of al l studen:s still in schoo l ..to did no c vr~te a~y 
f o re of the Chcoistry ll t est. (Sun:>=e, follov-ed by initial •, :.~d Hor? 
for sex.) 

~ -~ 

-~··· ··············· 

. •••.•.•. ......•......•..•••• 
Acbiuiatrator of T~st 



BRITISH COLUMBIA TESTS 

C H EMI ST RY II 

FOR~ A 
Research and Standards Branch, 

Depa rtment cf Educat ion, Victoria , Brit ish Colu.m bia. 

Fill in the blanks below but do not open the booklet until you are told to do so. 

I 'f 

ame _______ _______________ ___ ______ ------·---- --------------- ------------------···-·-- Age __ ·---···-·····-·-- Sex.·-·-·············-··-
cLast birtMay) {M or F ) 

ate _ ___________ _ -·----------·-··- - -----··---·-···-·-···--··-- Grade ___ ··--- - Home-room Div. No ... _______ _ 

;hooL _·---··--- ------···--··--·- School D istrict No. __ _ 

Academic 
rogramme : TechnicaL_··-···-·-··--·--- Commen.:iaL __ ·····-··-··-···-· Comm. Services·----····--·---·--·-- Industrial_ ____ ... _____ . 

'.heck(✓) 
propriate 
e) 

Visual and Other programmes 
Performing for particular 
Arts ______ - ··---···-··- Agriculture ········-········---· occupations.- ·-···- ····- ·-··---

H ave you taken or. are you enrolled in the following courses? 

Presently 
Enrolled 

Previousiy 
Taken 

iology 11 -·---•1----- ·----- -·-·-----··-----·-

hemistry 11 I 
1st semester -•--1-------- --·- ·- ----··-··-···-··- ··- ··· 

2nd semester ·----· 

I 
P ;-csently 
E nroll ed 

Mathematics 10 ··- '--····-------

Mathematics 11 ····- i----·-·--

Mathematics 12 ....... . 

Previously 
T aken 

Physics 11 ··---·---- ---·····--··---·· l--····-·····--··-··-···· ·-

IO-month course - ·-· -------·----····-· ·-·-··-··--·-····-···-···--
1 . 

Science 10 -- -·-•·---- ·-··· ··-·······-···------····-------- 1 ........ _____ .. ___ _ ._. ___ ....... . 

;eneral Directions : 'TI1e purpose of this test is to measure your knowledge of Lhe prescrioed course in Chemistry 11 . 
You will have 60 minutes for the test. po not spend too much time on any one item; an swer eas ier qu estions 
first, then return to the difficult ones if you have time. A Periodic Table of the clements is printed on the back 
page. It may be used whenever an atomic weight is needed. Use approximate rounded values ( e.g., man­
ganese (Mn), atomic weight 55) . Cc.ilculations and rough work may be done on ex tra paper but only the 
answers placed in the correct answer space:; wiii be marked. They may be either digits or capital letters. Wild 
guessing of multiple-choice answer~ is sure to result in D. low score, so study the items carefully. Now wait until 
you are told to begin and ~hen turn the pa6e and proceed. 

Pr!nW by K. M. hfAcOoNALD, Printer to the Queen's Most Er.ee lle.nt Majesty 
i.u ri,:ht of ilic Provi:ice of British ColumblJ. 

1972 
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Name __________________ _ _____ Age________ __ Sex_ ____________ _ 
(Last birthday ) (Mor F) 

Date _________ _ 
--------------- ____________ Grade ________ Home-room Div. No. ________ _:_ 

SchooL _____ _ _____ School District No. ___ _ 

Academic 
Programme: Technical _______ __ Commercial_ __ ~-------------- Comm. Service~------- Industrial,... _______ _ 

(Check(✓ ) 
appropriato 
ODO) 

Visual and 
Performing 

Other programmes 
for particular 

Arts ____ ____ Agriculture ____ _ occupations _ _ _ 

Have you taken or are you enrolled in the following courses? 

I Presently I Previously I Enrolled Taken I 

Biology 11 Mathematics 10 --1 
Chemistry 11 Mathematics 11 

1st semester ___ ---· 
Mathematics 12 _ _ 

2nd semester ____ - -- ----
Physics 11 _ ____ 

IO-month course_ 
Science 10 ----- --

Presently I Previously 
Enrolled Taken 

- -------- -- --- ------ -

General Directions: The purpose of this test is to measure your knowledge of the prescribed course in Chemistry 11. 
You will have 60 minutes for the test. Do not spend too much time on any one item; answer easier questions 
first, then return to the difficult ones if you have time. A Periodic Table of the elements is printed on the back 
page. It may be used whenever an atomic weight is needed. Use approximate rounded values (e.g., man­
ganese (Mn), atomic weight 55). Cakulations and rough work may be done on extra paper but only the 
answers placed in the correct answer spaces will be marked. They may be either digits or capital letters. Wild 
guessing of multiple-choice answers is sure to result in a low score, so study the items carefully. Now wait until 
you are told to begin and then turn the page and proceed. 

Printed by K. M. MACD ONALD, Printer to the Queen's Most Excellent Mejesty 
In rigill of the Province of Britim Columbia. 

19n 
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Name __ ·······-········ ..... ........... .... •·-····-········-····-···················- ·· ..................... Age ... ·-··-···· ............ Sex ......... . 
(Last birthday) (M or F) 

Date ..... ·-··-······-··-··-·····-·················-···-····-·········-···········-········ Grade ........ - ..... Ho me-room Div. No. 

SchooL .................. _ ...... -······-············-················--·········· ··-·······-··---···············-··-· School District No . ...... .... ...... ... . 

Academic 
Programme: Technical . ······ ············-· Commercial... ............ ....... Comm. Services ............. ......... Industrial.. .. .... .. ....... . 

(Check(✓ ) 
appropriate 
one) 

Visual and Other programmes 
Performing for particular 
Arts ............................. . Agriculture ................. ~ .... occupations . ····-···-··-·•·-····--····· 

Have you taken or are you enrolled in the fo llowing courses? 

I Presently I 
Emollcd 

I I 
Pr,·v io usly 

T oken 
P resently 
Enrolled 

I I 
Previously 

T aken 

Biology 11 •-·············--1--··-····-··- ·· ·-·· . ···-····I········-······················- Mathematics 10 ....... I·· ·· ··· ·························-·· l········-·····•··················-

I I I I 
Chemistry 11 I I Mathematics 11 ........ l ········-·-···· - ·············- · I·································-· 

1st semester •·········•·· 1······ ·· ·····••····· . ······· ··· ····1······· ·-·········· ············ ·· · I I 
Mathematics 12 ..... . ········•·-······ ···· ·· ············ i··········· ··· ······ ···· ···· ······· · 

2nd semester ............ ········-···-·-··-· ···········I···· -····•·····················-

1 O•month course ·-· '··- ····-·······-···-·········· '·········· ....................... . 
I I 

Physics 11 .. ···········-· ....................................................... ............ ... . 

I 
Science IO . . . . .... ..... I ............................. ..... !. ................. ................ . 

General Directions: The purpose of th is test is to measure you r knowledge of the prescribed course in Chemistry 11 . 
You will have 60 minutes for the tes t. Do 1.tot spend too much time on any one it ·m; answer c:a~icr que;~licns 
first, then return to thl: difficult ones if you have time. A Periodic Table of the clements is printed on the back 
page. It may be used w11cnever an atomic weight is needed. Use app roximate rounded value:; ( e .g., man­
ganese (M n), atomic wcir bt 55) . Calcubtions and roug!1 work may be don· on extra paper but on ly the 
answers pl ar:ed in the correct answer ~paces wi ll be marked. They may be either d igits or capital letters. Wild 
guessing of multiple-choic'! answers is sure to result in a low score, so study the items carefully. Now wait until 
you are told to begin and then turn the page and proceed. 

P ri11tcd l>y 'C. M . M AC UONALD, Print.er to the Queen 's Most Exccllcnr M ajes ty 
!n r ight o f the Province o f Briti sh Columbia. 

1972 



Mrs. Lavinia Greenwood, 
687 Mt . Joy Avenue, 
Victoria , IL C. 

Dear Mrs . Green wo od : 

I I 

February 1976 

I n reply to your r equest for an explana tion of our met hod of 
s amp l ing , here are t he steps tha t were taken : 

l. For admini stration of the te s t s the " sample" was 100% of those 
at temptin g to comp l e t e the course in the year or semes t er be ing t ested , 
i. e . it was no t a s amp l e ; it was a total populat i on . Such a population 
wi ll never be equa l to the reported enrolmen t, however . ' Enrolment ' is 
the maximum number of names li s ted for the cour se during the time 
period und e r consideration . It will include : 

(a) t hose ill or absen t for any other r eason on th e da te of t esting, 
(b) t hose who have moved (a tremendo us number in total) , 
(c ) thos e who have dropped out . 

2. The chief factor in ob t a inin g r e l iable meast1reme nt is the length of 
t he measuring instrument, i.e . t:lie number of markable items . Here we 
a r e fa ced with a dilemma : the time of administration mus t be short 
enou gh to fit the shortes t time period devoted to t he sub ject in all of 
the differ e nt t ime t ables which may a llo t 40 , 50, or even 120 minutes in 
di ffe ren t schools . If too many it ems are prescribed for the short time 
period, i t becomes a test of speed rathe r than powe r . 

This probl em i s solved by bre ak in g the test into a number of 
" e quivalent " forms, each one short enough to be comp l eted in t he pre ­
s c r ib ed time pe r iod . ( " Equiva lence" i s of course only ap proximate and 
we have oft en f ou nd that forms of standardized tests tha t ha ve sold 
hundreds of thou sa nds of copies were not what we would cal l " equ ivalent" 
when administ ered t o 20,000 or more pu pi ls . ) 

ln order to determine the " equival e nce " of items we have to 
admini s ter th em to " equivc1lent " populnLions or t o .1dminister cill form s 
i n succession to all pupj ls. (Even if we did so , we would have to 
r a ndomize the admi nis tratio n of A, Band C beca use motiva tion on the 
third day mi ght not be as great as on the fir s t.) 

In s tead , we shipped the tests int erl enved wit h Forms A, B, C, A, 
B, et c . in order . Instruc tion s were to dis tribute th ese down the rows 
of pupil s in th e order in which they were received , in order to obtain 
thr ee equ :l.valen ·i: samples of the total populati on . Alth ough B or C forms 
wo u l d be on top of the pile with equal frequency, we found a s li ght 
tend ~ncy for A' s t o be administered with gr eater frequency ; the teachers 
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buri ed form B or C and there were more of the lotter left over when the 
numbe r bejn g t ested w.::is no t divisible by th ree . The metic ulous mind 
dictates th;1t Form A must al ways be given to the first pupil in the 
left-hand row ! 

I should mention that we have found this method of randomization 
to be vos t!_y super i or t o a ny method o f a ttempting to obtain samples of 
" equivalent: school s " or "equivalent classes" . We attempted for several 
years to obtain samples based on a selection of schools in order to 
proceed with the scaleing of examinations befor e marking was completed. 
We never s ucceeded . Even carefully s e lected halves of al l tl1e s chools 
in th e prov ince, selected by hindsi gh t on tl1 e basis of scores in Mathe­
ma tics, would prove comple t ely unequal in English . 

3. Althou gh it is quite possible that in a s mall c lass , say of 9 pupils, 
the three best pupils wrote Fo rm A and the three worst ones wrot e Form C, 
I th~nk tha t province-wide the sample populations would be equiva l ent . 

Our procedure was then as follows : 

(a) File the pa pers as received accordin g to school district, sc hool 
and class. 

(b ) Split tl1ls arra ngement into 3 files , on e for each of the forms 
which are now separated for marking . 

(c) Mark th e t es ts, alphabetize them and typ e separa te lists for 
each class f or each form. This is necessa ry be ca use the forms may not 
be " equivalent" and the scores may have to be compared with different 
norms. 

4. One objection to machjne scoring and comput e r l,an<lling of s co res is 
the inability pf any mechanical device to distin gui s h be tween a zero or 
very low score and a "D. N. W. 11 The latter j s de f ined for marking pu!:pos es 
as any pupil who , although present and completin g the cover of the test, 
obviously d id not make a conscientious effort to complete as many items 
as possible to the best 'Jf his ability. Examples are pupils who correctly 
or incorrectly completed only one or two items in half an hour, or ones 
who answer multiplc-c~oice items 1, 2, 3, 4, 5, 1, 7 , 3, 4, 5, e tc. 
throughout the test . 

Suc h sco res arc s upposed to be excluded fr om ony s ampling or st;i­
tistical analysis because although th ey ar e few in nurnb ~r, they urn 
greatly di stort rnathe;natical data . Occasi.on.:1lly our hand-marking and 
hand- sampling met hods perm i t on e or to of these t:o slip in , but they 
are suppos ed t o be r emo ved . 

5 . Tt has been our proced ure to conduct :;_tern-analys is and reliability 
stud ies on samples of 300 , 1 • .J! 1et her the nu111ber o f pupils te s t ed was 1500 
or L1S,OOO . There ar ,c th ree r.eascns: (1) Tile J a r 3cst she et s of squared 
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pa pe r we could cunve11iently use for tabulation had about 110 squares a nd 
allow i ng for headings , t ot.:1l s , half-scor e s, etc . -we filled three s hee ts 
with the upper, midd l e a nd lmvcr pa rt s of the distribution . (2) In 
studie s we made years ago on tl1e reliabi l ity of it em- validi ties we found 
t hat sa mpl es of 100 or so we r e quite likely to be unreliab l e but that by 
th e time 300 was reached we were almo s t as high on the ~ur ve as i f we 
had us ed 600 or 1000 . (3) Per cen ts of each t hird can be obtained 
wi thout calculation . 

Moreover , in t~st construc tion , stat istica l data can only be a 
rought guid e. Why calculate to three or four sign ificant decimals if 
you are on l y using the first one as an approxima tion? Cu rricular valid­
ity is the prime consideration, and we have fr equently had to dis ca rd 
it ems of high s t atis tical validity in order to obtain balanced coverage 
of th e course . 

The samples of 300 were obtained as follows f r om the t es t s which 
were in al pha order by class , by school and by school dis trict with the 
DNW' s presumably removed. If there were 1567 of these papers we needed 
ap proximately one-fi f th. Five papers squeezed to gether we re a ppro xi­
matel y one-quarter inch . Theref ore going down through the piles a n 
estimated quarter-in ch (no counting) and turning them over, individual 
pape rs were removed . These now made up a pile about 15 inches deep and 
wh e n co unt ed carefully, it was found to contain 319 papers . Nineteen 
wer e r em~ved at random (abo ut one in seven-eighths of an i nch) and 
retu rned to the population . If there had been a deficiency , we wo ul d 
have gone back to the t o t a l a nd say , r emoved one add it iona l paper every 
2-1/2 feet. 

The selection is complet ely ' blind ', i. e . there is no r eference 
to school or score . On l y when the sample is fina li zed at 300 are they 
sort ed according to s c ore , after which th ey are analyzed . We wo uld 
expect t o hav ~ about tw i ce as many papers from Vancouver as from Surrey 
or Grea t er Vi ctoria, but we make no attempt to mod ify the sample to 
ensu re tha t there are . Nevert heless , with the excep tion of the DNW 's 
we are sure that the 300 is repr esentative of the province of B.C. 

Yours very truly, 

C.B . CONWAY 
Ex -Direc t or, 
Research and Standards. 
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TABLE VI 

Variances of the Mean Scores and 

Homogene ity of Va iiance Data ( x 2 ) 

Form Prog R Frog S Frog F Total x2 p* 

All 28 . 57 28 .04 27 . 57 28.20 0.09 0.95 
A Boys 32 . 60 29 . 59 28 .21 

Girls 19 .15 23.90 26 .06 

All 19 . 57 17.70 18. 60 18 . 56 0.75 0.69 
B Boys 20 . 33 17.57 20.33 

Girls 17 . 56 17.56 15 . 36 

All 24.93 29 . 23 22 . 14 23.35 5.84** 0.054 
C Boys 27. 81 32 .53 23. 64 

Girls 20 . 77 24 .35 19. 84 

*p = probability t ha t the variances are equal . 

**significant x2 

TABLE VI I 

Kuder Rich ardson Reliability Coeff icients 

Boys and Girls 

Form A Form B Form C -
Prog. Boys Girls FoolecJ Boys Girls Pooled Boys Gi rl s Pool ed 

R .81 6 .716 .79 3 .698 .668 .689 . 775 . 705 .7 52 

s .797 . 758 .785 .666 . 690 . 675 . 739 . 763 .790 

F .7 97 .7 83 . 790 .7 18 . 635 . 686 . 739 . 711 .7 26 



TABLE VIII 

Incompleted Tests 

Item Semester R Semester S 
Form fl Boys Girls · Total Boys Girls 

23 1 
24 1 
25 1 

A 
26 1 1 2 2 4 
27 l 2 3 3 4 
28 3 4 7 3 4 
29 17 15 32 13 21 
30 22 22 44 22 37 

26 1 
27 1 

B 28 3 1 4 3 2 
29 3 1 4 3 2 
30 4 1 5 5 4 

23 1 1 
24 2 2 
25 2 2 1 

C 
26 2 2 1 1 
27 2 1 3 2 1 
28 3 2 5 3 8 
29 3 3 6 3 9 
30 9 16 25 10 23 

Semester F 

Total Boys Girls 

1 
1 
1 1 
6 4 4 
7 6 3 
7 6 8 

34 31 19 
59 49 28 

1 
1 
5 1 2 
5 1 4 
9 3 4 

1 
2 1 
3 3 

11 5 8 
12 7 10 
33 16 27 

Total 

1 
5 
9 

14 
50 
77 

3 
5 
7 

1 
3 

13 
17 
43 

Totals 

1 
1 
2 

13 
19 
28 

116 
180 

1 
1 

12 
14 
21 

l 
2 
3 
5 
9 

29 
35 

101 

co 
h.l 
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TABLE IX 

Mean Sco1~e s by Mathema tics Groups: Semester 4, January 1973 

Math Group Form A Form B Form C Combined 

Math 1 Population 12.65* 13.30 13.37 13.10 

Sample 13.32 13.78 13.43 13.51 

Math 2 Population 13.45* 13.40 13.26 13.37 

Sample 13.34 13 .78 13.47 13.54 

Math 3 Population 11. 72* 12.75 13.09 12.50 . 
Sample 12.87 12.35 13 . 43 12.94 

The above table was subjected to the x2 test for goodness of fit 
of the sample means to the population means distributions us ing the 
following formula (from Bernard Ostle , Statistics in Research [ Iowa 
State University Press , 1969], p. 31) : 

X2 =i(0 - E) 2 /E 

where E = population means and O = sample means 

Px 2
( 4) = 0.20225 < _005x 2

( 4) = 0.207 

(see Os tle, tables, p. 523 ). 

There fore "sample" distribution ma tches the population di s tribu t ion 
to within one-half of one percent. Therefore there is no "sampling bias" 
when the scores a r e cross-classified by mathematica l groupings. 

*Item 1 wrongly keyed . 
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TARLE X 

Hean Score s f or PopuJa tions and Samples 

Semester 

rPopulation 

Form A Form B Form C Combined 

(10 mon th) 13.33;!: 13 . 54 13. 79 13 . 52 

1 Sample 14 . 32 13.40 13.66 13.74 

2 Population 13 . 28* 13. 57 13.58 13.48 

Sample 14.13 13.59 13.63 13 . 74 

3 Populat ion 11 .60* 11.32 12.07 J.1.83 

Sample ).2.83 12 . 15 12 . 47 12 . 48 

4 Population 12 . 58* 13 . 18 13.26 13.01 

Sample 13.21 13. 45 13.44 13.37 

To t al Popula tion 12.70 12.97 13.18 12.95 

Sample 13.62 13 . 15 13 . 30 13.34 

* Item 1 wrongly keyed . 

Source: Popula t ion means, C. B. Conway, 1974. 
Sample , ANOVA 15B after rescoring. 

Maximum score= 30 
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De f initions 

The design o f this s t udy is some times referred to 

as qua si-experimental being more in the nature of a survey 

than a n e xperiment. 

The following definitions are incl~ded in order to 

clarify the methods used to control the major variables 

which we re expec t ed to influe nce the test scores. 

Sur v eys . "A survey is the collection of data about 

characteristics of e xisti~g things, wi t h no special contr ol 

over any o f the facto r s in f l uencing the variable of 

interest 11 (Ne ter & Wasserman, 1966, p. 10) . 

Experiments . "An e xpe r ime nt is use d by s t atisticians 

to refer to the collection of data when control is exercised 

over one or more factors, to determine the influe nce of 

these on the variable of interest 11 (Neter & Wasse rman, 

1966, pp . 10-11). 

Cross - c l as s i f ication . "Classifica tion entails the 

sett ing up of group ings or clas s es by classi f ication 

methods fo r the alte rnative outcomes o f a variab l e 11 

(Neter & Was se rma n , 1966, p. 39). In s u rveys, since there 

is no way t o e xerc ise controls over f acto r s which mi ght b ias 

the data, the techniq ue of cross-classific a t ion can control 

variables and bring out in the a nalysi s t h e ir p oss ible 



effects upon the dependent variable (Neter & WQsse rman, 

1966). 

The cl ass ification categories used were : .(1) sex; 

(2) prograr.unes; and, (3) mathema tics group . 
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Pro gr'ammes . This re fers to the school programme -

whether it was a regular ten-month yea r (Programme R) or 

a semester system. If the school took Chemistry 11 in a 

semestered school the first and second semesters were 

separated into Programmes F and S respe ctively . 

Math ematic s Group . ~tudents were later s ubdivided 

into three groups according to whether they had taken 

Math 11 with Chemistry 11 (Group 1) b e fore (Group 2 ) 

or after (Group 3). 



A Ma t hemati cal Mode l f or the Analysis o f Varian c e 

And th e Assump ti ons Ne cessary f or 

Inter pretation of t he Re s ult s 
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In undertak ing an analysis of variance on data with 

unequal cell frequencies, more than one method is open to 

the researche r. Differen t methods t e st different hypotheses, 

but all the methods are based on the Genera l Linear model, 

and use a least-squares solution (Overall & Klett, 1972). 

The model may be expressed as foll ows in a two-way 

classification : 

Where 

yijk = µ + a. 
l 

+ B. + as .. + E . 'k 
J lJ lJ 

µ 

a. 
l 

s. 
J 

aB .. 
lJ 

is the overall mean 

is a constant f or the i th sex 

is a constant for the j t h programme 

is the effect of interaction o f the sex 
with the programmes 

is the residual erro r assoc iated with the 

k 
th 

individual whos2 score is y .. k in the 
lJ 

. th . th 
1 sex, J programme. 

To obtain a solution, a number of restrictions must be 

imposed on the equation. The i n t e rpre tat ion of the solution 

will depend up on the set of restrictions which are 

chosen . 
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Assumpti on s 

For an analysis of va rian ce t o be va lidr a number of 

assumption s must be met regarding the form of the data and 

the methods of sampl ing (Gl as s & Stanley , 1970, p. 358, 

421, 424; Overall & Klett , 1972, p. 431). These assQmptions 

are those o f a normal distribution o f the fun ctions and are 

as follows: 

(1) The scores were sampled a t random from 

(2) populat i ons showing a normal distribution of the 

scores . 

(3) The v ariances of the populations were equal, 

i .e. , and a . 1
2 

-

(4) The s amp les were independent . 

2 a . z 

(5) The linear mode l is appropriate fo r these d a ta. 

The assumptions are discussed below as they relate to the 

data for this study . 

Assumption 1 can be said to have been me t by the method 

of systemat ic s trat ified sampling previously described. 

Assumption 2 . The population used was the same pop­

ulat ion as was studied by Dr. Conway. Figures 3 and 4 

ill ustrate the frequency distribution of the population 

and samples respectively of·one programme. Both popul ation 

and sample may be considered large e nough to s atisfy 

this requirement (Tables I and II ). 
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Population Frequencies For 
One Semester Showing The 
Comparison of the Three 
Forms A, B, and C. 

N Means 

860 11. 60 

852 11 . 32 

818 12 . 07 

Source : C.B . Conway, 1972 
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FIGURE 4 

Sample frequencies from 
Population in Figure 3 . 
A comparison of For ms 
A, B and C. 

N Means 

300 12 . 83 

300 12 . 15 

300 12.47 
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Assumpti on 3 . The presence of signifi~ant differences 

in variances of the three fo rms was one reason for 

tre a ting these three forms s eparately and not pooling them 

as e quivalent. Differences across the three forms were 

greater than differences between programmes for any one form. 

Girls showed consistently lower variances than boys 

(Tables IV and VI). Variances a cross programmes with the 

sexes pooled could be rated as homogeneous for Forms A and 

B, but was barely acceptable for Form C (Table VI) . 

. Assumpt i on 4 is strictly met by the nature o f the 

design, i.e., by the use of exclusive categories . 

Assump t i on 5 . The assumption of a linear model i s the 

only logical one, since only categorical variables are 

i nvolved. However, the model is less than ideal and 

s hows high residuals . 

Level of Sig~ificance 

The power of the F test was calculated in order to 

decide the appropriate level of signif i cance to adopt . 

The f ollowing formula was used (Gl a ss & Stanley, 1970): 



Power = 

where 

EJ 
nj(µj - µ ) 2 

~ = j l -· J 02 

J.1 = ( µ l - µ 2 - J.1 3 - J.1 I+ ) /J 

µj = mean for each semes ter 

J = 4 (number of semesters) 
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cr 2 = population variance (estimated from the 

grand mean) = 22.6018 

nj = 300 (sample size). 

The results are presented below in Table X. 

TABLE XI 

Power Table 

Power Cl, = .OS Cl, - . 01 

.0 1 - B B 1 - B B 

Fonn A 2. 2666 0.97 . 03 . 93 . 07 

Form B 2.0885 0.95 . 05 .86 . 14 

Form C 18374 0 . 89 .11 . 72 .28 

Since a= probability of making a Type I error, and 6 = 

probability of making a Type II error, it was concluded 

that the selection o f a = . 05 gave the most reasonably 

balanced cho ice (Pears on & Hartley , 1951; Gl ass & Stanley, 

p. 357). 
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Th e Computer Programmes Used 

The Analysis of Variance was carried out with the 

aid of the Computer Programme entitled ANOVA 22, from 

the University of Victoria's computer programme library 

in the Faculty of Education. The computations in the 

programme are based upon Winer (1962, pp. -24-227, 291-297) 

but it is not known which restrictions on page 224 are 

applied. It is now recognized that the final sums of 

squares in cases of unequal cell f requencie s will be 

dependent upon the choice of restrictions (Speed & Hocking, 

1976), and these need to be stated in the literature of 

prepared programmes. Therefore, the results from ANOVA 22 

do not necessarily agree with results from o the r programmes 

which may be using different assumptions and different 

methods of computation. 

TESTAN. This programme was used for grading the tests 

and computing test statistics with an item a nalysis. 

(Faculty of Education Programme Library, University of 

Victoria). 



APPENDI X C 

Histo ry, Evaluat ive Comments, and Cor.ceptua l Analysis 

of CHf":.M: Study 
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The Hi st ory of the CHEM Study Prog ramme 

As the result of the work o f a ten-man revision 

committee , the Departmen t o f Education selected a new 

che mistry course fo r the B.C. schools in 1966. They selected 

as the b asic texts those of the CHEM Study programme , which 

was at that time in use in many western parts of the United 

States. Originally designed to be a one-ye ar course, 

B.C. made it a two-year sequence , calling the two parts 

Chemis try 11 and Chemistry 12, and making some further 

slight modifications in emphasis. 

The original writers of t he course made their own 

follow-up study in 1969 , and published their report in the 

form of a book called The CHEM Study Story (Merrill & 

Ridgwa y , 1969) .* The f ollowing history of the course and 

comments on aims, obj ect ives and achievements are taken 

extensively from this book . 

CHEM Study stands for Chemical Education Material 

Study. It is a programme initiated in the United States in 

1959 and supported by the National Science Founda tion with 

grants totalling $2 , 800,000 up to 1968 to Ber ke ley and to 

Harvey Mudd College in California (p. 1). 

* Al l bracketed page numbers refer to this book unless 
otherwise indicated . 
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Sparked perhaps by t he shock of Sputnik that sen t 

thousands of Americans to question the effic iency of their 

schools, a steering committee o f the American Chemica l 

Society became convinced that old chemistry course s cow~only 

b eing offered in high schools were seriously deficient . 

So a planning committee was set up conta i ning mainly 

un iversity professors and some high school teachers from 

urban schools. No private or independent s c hools were 

represented nor university profe ssors of education or 

curriculum spe cialists . 

Six writing teams each unde rtook a different set o f 

chapters. The sections were then studied , and put together 

and ex t ensively revise d by the whole committee . More 

revis~ons were later undertaken after trials in 25 selected 

high schools over the firs t three years. The Educational 

Testing Service prepared and distributed multiple choice, 

open book achievement tests . A "Teache rs ' Guide " was 

developed a n d f ilms ma de and di s tribute d. By 196 3 , 5 5 0 

schoo l s had tried it, and final r evisions were made in the 

fall of tha t year. 

The book has since been trans lated into 13 languages, 

i nclud ing an unauthor ized Russian version. Th e latter's 

pre face state s tha t t he book is di s tinguishe d f or its 

teachability, ri gour and orde rly presen t ation (p. 54 ) . 



T h e goa l s of th e cours e . The steering committee's 

chief criticism of the existing courses in the 1950' s 
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were threefold: (a) too much descriptive detail needing 

memorization and outdated technology ; (b) inadequate 

emphasis on modern unifying concepts; (c) "cook book" 

laboratory work was thought to be "misinforming students 

about the nature o f scientific invest i<Jations." These 

remarks may be considered equally valid f or British 

Columbia 's old chemistry course (Chemistry 91). 

The goals of the ne~, howev~r, were broad and suggestive 

perhaps of running after too many hares. CHEM Study's own 

four goals are summarized as follows: 

1. To diminish the separat i on betwe en scientists 
and teachers in understanding o f scie nce. 

2. To encourage teachers to undertake further 
study in chemistry - to keep pace ... 
and thereby improve their teaching methods. 

3. To stimulate students to a profe ssion in 
chemistry. 

4. To instil in non-continuing stude nts an 
understanding of the importance of 
science in c urrent and future human 
activi ties (pp . 1-2). 

More spe cifically, the t extbooks emphasized the dis­

covery approach by presenting laboratory investigations 

on a tape before it was to be discussed in class . The 

hope was to instil a keen obse rvat ion , and a question ing 

attitude in students who will not b e conten t with blind 

acceptance of dogmatic a ssertions . 
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The the me of the ''Teachers' Guide" is su ppo rt . Its 

audience is defined as ''a lone teacher isolated from other 

chemistry teachers with s omewhat less than ideal training 

in poorly equipped school" (McClellan, 1963, p. vO. The 

guide then instructs the teacher to deal with the first 

six chapters in a general way without taking up any o f the 

ideas in detail. They specifically state that "a complete 

understanding or mastery is not aimed at" (p. 1), 

suggestive of the acquaintanceship philosophy. 

Britis h Columb ia' s goal s . The British Columbia 

Department of Education created its own goals. The 

Chemistry 11 Cu~riculum Guide (1966) reiterated the emphasis 

on a laboratory centred course ; but in dividing the course 

into two parts, it stressed that Chemistry 12 demands good 

laboratory equipment and a well prepared teacher . The 

general approach to the course is to be an effort to treat 

chemistry ai a language - a language with the elements as an 

alphabet, formulas for words, and equations for sentences. 

Its philos ophy is to place less emphasis on training 

chemists and yet to r e cognize that chemistry is a frequent 

prerequisite for othe r studies and careers . It is hoped 

to introduce the average student to the language of science 

and the scientific app roach to problems as part o f the ir 

gen era l education. 
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Assessments of th e Cours e 

In their follow-up study entitl ed The CHEM Study S tory ~ 

Merrill and Ridgway (1969) reported on their statistical 

surveys carried o ut between the years 1961-1965 . 

The study was conducted through information from ten 

universities and 7,500 students' records. Of these, 

96 per cent were CHEM Study students and only 4 per cent 

trained in other ways; so one can fairly ask whether the 

proportion of controls was an adequate comparison . As in 

the University of Victoria, there were usually two courses 

open to students, a selective course for tho se qualifying 

and a regular course f or the rest. Many variable s were 

studied . It was found that the interval between high 

school and college , the size of the high school classes, 

time spent in the high school laboratory , and whether or 

not the student took high school physics did not 

significantly influence scores. These findings may come 

as a surprise to many people. 

Scores on SCAT (School and College Ability Tests) and 

CHEM Study achieveme nt tests in 1962 showed no s ignificant 

correlation, and CHEM Study students t e nded to do poorly 

also in CEEB examina tions (Col lege Entrance Examination 

Board). It was estimated that the poten tially bes t students 

were most handicapped in this latter examination by a 
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CHEM Study preparation in competition with the traditionally 

trained . Follow-up studies com·pa.red students' GPA' s in 

their freshman college chemistry courses. They found no 

difference in the performance of former CHEM Study students 

who had enro lled in the regular college course; but in 

the selected groups, it was claime d that CHEM Study had 

been a "distinct advantage". This was a disappointment 

since better preparation for college for al l students had 

been one of the original stated goals of the project . 

An attempt to assess the broad general aims in part 

four of their stated goals was abandoned as too difficult. 

Fifteen testing age ncies were approached without success. 

Independent Opi nion s 

Early enthusiastic comments gradually gave way to the 

cautious criticism of experience. In 1965, P .G. Ashmore 

compared the CHEM Study project with the CBA (Chemical 

Bond Approach) project which had been develope d in the 

United States at about the same time. He felt that the 

strength of CHEM Study lay in the close relationship of 

experime nt, p rinciple and theory , and its repeated emphasis 

on careful accurate observa tion. However, he commented that 

the textbook was rather lean and much use must be made 

of the Te achers ' Guide , a large volume o f 78 5 pages . 
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In 1967, Miller tried the course with students enrolled 

in a second year course after one year of tradi tional 

teaching. He had found that even bright student s had 

difficulty with it as a first year course but that it was 

much more successful as a second year course and the average 

students then did well . He felt t he t ext contained very 

good background material . 

An earlier independent assessment of the course came 

from Engl and. Mi chae l Shayer (1970) o f Kings School 

Worceste r tried the course on his first year s ixth form 

in 1964. He compared their results on "A" leve l questions 

after one year with pupils of two previous years . Al though 

he found a 12 per c e nt to 15 per c en t u pgrading of the 

results, his comments on the course are most interesting. 

Far from being pleased wi th these results 
the pupils incre asingly showed s i gn s of 
irrita tion and contempt. They did not f ee l 
they were e ver really being t ested and this 
appl ied equally to those of lower ability 

After a year of this prograrome , I found 
that nearly all ability to use knowledge i n 
unfamiliar situations, had been conditione d 
out of my pupils. In the context of science 
this should not happen ..•. Learning is 
ma n y things of which producing t he correct 
verbal response is a very small part. 

It is a l so seeing the connecti on 
between things ... (there is a terrible 
feeling of bein g i n blinke rs in the CHEM 
Study course ) (Shayer , 1970, p. 55 ). 
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In view of the CHEM Study's stated goals this was a 

very serious condemnation . 

Again he said : 

Both the text o f the chapters and the style of 
the que s tions s eem based on B . F . Skinne r's 
theo r y of learning which . . says that a 
student has learne d something when to the 
appropriate stimulus , he can produce the 
correct v e rba l response . It is all very 
reminisce n t of the o ld primary school mathe­
matics (Shayer, 1970 , p . 55). 

Shayer also c r iticize d the attempt to cover too much 

ground. "Perhaps Chapter 18 shows the 'acquaintanceship ' 

method at its wors t . All areas o f o rganic chemistry in 

ten days in t e n lessons simply produced bewilderment" 

(p . 5 6). (British Co lumbia allows 15 hours at the end 

of the grade 11 course .) 

Shayer maintain ed that the intentions of CHEM Study 

were not achieved. 

So hi gh is the pro portion o f theory which the 
students have to t ake from above , that this 
section* contradi c ts , i n its organization , the 
avowed intentions of the course to ' give a 
correct and non-authoritarian view of the 
origin o f chemical princ i ples •. • and 

. opportunity for discovery' (Shayer , 1970, p. 56). 

A gloomy note was sounded by Johnstone (197 4 ) . In an 

eva lua tion of a new Scottish chemistry syllabus , he referred 

to the American "concern bordering on panic" in the 1950's 

* Last third of the book , part of Che mistry 12 in 
British Columbia, exce pt Chapter 1 8. 



103 

which spa r ked the CHEM Study and the CBA proj ects. "These 

efforts", he wrote, "by their successes and e ve n by their 

ultimate failure did stimulate new thinking in chemica l 

education" (p. 21). Some of this new thinking is touched 

on in the next section as it relates to the choice of 

topics covered in the new courses and the relative difficulty 

of mastering certain concepts . 

Conc ept Ma s tery and Difficult Topics 

Shayer's experience with CHEM Study was perhaps one 

reason fo r his undertaking further research. In September 

1970, he took as his starting point for a five-year course 

for children between the ages of 11 and 16 years , the mental 

capacities of this age range. He used Piaget's description 

of the stages o f mental development as a framework in which 

to assess the Nuffield "O" level chemistry course. He 

asked whether Piage t's stages had anything to tell us about 

what can and should be part of a chemistry course at each 

age level, and what is unlikely to be grasped until the 

student is older. In this age span the two app licable 

stages are those known as the "concrete" and the "formal" 

opera tional stages. Shayer suggested that those topics 

which r equi re only de duction from observations made in 

expe riments belong properly to t he stage of concrete 
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ope r ations . But t opics r equiring the f ormulat i on o f a 

the o ry - f or example, o f c hemi c a l combinat ion in which we ight 

is prese rve d while all o t her p roperties o f the elements 

dis appe ar - is , he suggested , symbolic and no t c on c rete . 

I n g l e and Shayer (1971) pursued t hi s theme i n more 

de tail , analyzing i ndividua l t opic s from the course i n terms 

of the min imum conceptua l level s required to s us t ain interest 

and t o expect good c omprehension . Their c o nc l usions 

should be o f c onside rable a s sistance to chemist r y tea c hers 

e ve:qrwhere in he l p ing them to s e lec t suitable course mater­

ial for thei r own classes . The fact that Piage t p l a ced 

the c once pts o f p r obabi lity , correlation and proportion 

in the fo rmal operationa l stage gives us a c lue as to the 

diff i culties with atomi c theories a n d problems involving 

the multiple proportion laws , a n d a l l cal culations 

involving e q uation s . 

Johnstone (1971), who was men t i oned e arlier f or h i s 

views on the t wo e xpe rimental programme s in t he Un i ted 

States, has a ppro a che d the questio n o f difficult t o p ics 

from a di fferent standpoint e n t i r ely. He studied the 

new Scottis h che mistry s yl labu s (introduced in 1962 a s a 

volun t ary a l t e r nat ive ) thro~gh the eyes of t he pupils 

t hemselves. By t he simp l e proce dure of asking them t o rate 

e a ch topi c on a l i st a s e i ther 11 easy to grasp " , "diff i cul t 
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to grasp", or " never grasped", h e sought to answer some o f 

the same questions as Shayer . He also was concerned with 

the problem o f maturity , but his studies in this area 

were less effective . He compared the student s ' ratings 

with thei r actual performance on objective tests and found 

good agreement between them . 

Di ffe r ences be t ween the Scottish and the Nuffield 

courses prevent a p e rfect match in their findings. Johnstone 

places i on-electron exchange equations and redox re a ctions 

high o n hi s dif f icult list. Shaye r and Ingle classify the . 
periodic t ab l e and energeti cs and classification of the 

elements as high level concepts . · Both schemes place 

molarities , calculat ions from equations and proportiona.li ty 

problems i n this cat egory, which leads us to ask the 

que s tion as to wheth er the difficulty is one of psychological 

imma t ur i ty or inadequa t e mathematical grounding - a 

topic which has been t o uched on in Chapter V, i n 

discussion o f the d i fferences in student achievement between 

the f irst and second semesters . 

Othe r writers on teaching methods (Frankel , 1959 ; 

Sme ltz, 1956 ; Williams & Koflsche , 1967) seem to be l argely 

concerned with improving technique s. They often anticipated 

the developments just discussed by their in tuit ive knowle dge 

o f t hese f actors, b o rn o f experie nce .and understanding of 

young minds. 
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