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ABSTRACT
Supervisor: Dr. L.D. Yore

A study of the Chemistry 11 course was undertaken with
special reference to the effect of the semester system upon
success in examinations. Three tests, entitled Forms 23,

B and C, were prepared on the Chemistry 11 coufse, and
distributed throughout the province in 1972 and 1973.
In all, 12,344 students were tested and graded by the
Department of Education.'

A sample of 2700 test papers was analyzed, using
analysis of variance on the mean scores of students who
had been enrolled in either the regular ten-month programmes
or one of two different semester programmes. No significant
difference was found between the three programmes using
forms B and C. However, a significant difference between
programmes was found for Form A, indicating that the mean
scores of students from the first semester programmes in
the 1972-73 school year were significantly lower than
from the other two programmes.

The samples were also subdivided by sex, and a highly
significant difference was found between boys and girls in
their mean scores achieved in all three forms of the test.

Boys scored higher than girls in all three replications.
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Further study suggested that both these differences
were related in part to the number of items in the test
requiring mathematical manipulations. Boys and girls
appeared to differ in their achievement on the test depending
upon the way in which their chemistry and mathematics
courses had been scheduled. Under some conditions girls
scored higher than boys.

It was concluded that the semester system should be
evaluated for its learning effectiveness as compared with
the effectiveness of other systems. It was noted that when
course schedules are prepared and course selections made,
insufficient attention seems to be paid to the value of
planning student's courses in a logical order of pre-
requisites and co-requisites. Differences in the needs of

the individual sexes should a be studied.

Examining Committee:
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CHAPTER T

INTRODUCTION

The Problem

In the last decade there has been a gradual intro-
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-

ot
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iority of programme. It enables students to ga
more easily but it is not known whether there is any
effect upon the quality 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 examination
is set for all schools, some valid conclusions could be
drawn from the students' scores about the relative
effectiveness of each school's programmes. In provincial
examinations in British Columbia, there has been a tendency
for students on the semester system to do less well than

their contemporaries on the ten-month programme; and these

1



differences have been greatest in the scientific subjects
(B.C. Annual Reports, 1970-71).

While the problem which needs investigating is whether
students learn an individual subject egqually well on a
five-month as on a ten-month course, it is only their
achievement in a common examination which in practice is
taken as evidence of their mastery of the course material.
Sﬁch tests are simple to score and supply convenient data
for statistical analysis. The larger question of what
counts as having mastered, a subjéct remains unasked by many
people, because it can only be evaluated in the long term
and in ways not amenable to statistical treatment.

For the purposes of research, comparisons between two
schools' sets of internal results are of questionable
validity where different 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 Standards Division of the Department of

Education.
Procedure

In preparing the test, the writer was limited to a

test length suitable for a one-hour classroom test. Since



the whole course could not be adeguately covered in so

few items, three tests were randomly distributed throughout
each class. This procedure has provided a means of
replicating the experiment.

The Department of Education Research Division admin-
istered and graded the tests, and withdrew a sample of
3,600 papers for more detailed analysis. From this number,
which comprised approximately one-third of the test population,
2,700 were identified as the data base from which to
investigate the following questions:

1. Is there any significant difference between the
mean test scores of students who were enrolled in the first
or second semester programme or in a regular ten-month
programme?

2. 1Is there any significant difference between the
scores of boys and girls for the same programmes, and does

any such difference change as the programmes change?
Limitations and Assumptions

In the development of this study, neither the final
format and content of the tests nor the methods of dis-
tribution, sampling, and analysis were matters for decision
by the writer. No preliminary trial distributions were
made, so that there was no opportunity for amendments to weak

items. A few errors were corrected before distribution



in January 1973, but nct all. A number of personal details
about each student were recorded on the front page of each
test including age, sex and related science and mathematics
courses taken. Unfortunately, neither enrolment in
Chemistry 12 nor repetition of Chemistry 11 could later be
identified.

The method of sampling is described in Chapter III
(Conway Letter, 1976, Appendix A). The sample was stratified
with respect to the different programmes of study and under-
taken systematically in order to obtain egual numbers
in each stratum. It has been assumed that the sampling
was sufficiently representative to cause no undue bias in
an analysis of variance. Some data were discarded; 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 reguested
by the Department of Education's Research and Standards
Division in their 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 for statistical purposes that all
students have taken identical courses under equally compet-
ent and well qualified teachers, and equally good laboratory

facilities. It has also been assumed here that previous



education and exposure to related subject courses have not
biased the students mean achievement scores. Such assump-
tions have been implicit in most educational research and

are seldom questioned.



CHAPTER II
REVIEW OF THE LITERATURE

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 British
Colgmbia and other sources in Canada were reviewed. The
work of other researchers who have explored 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 Chem Study, together with
a brief history of its development and introduction into

British Columbia is contained in Appendix C.
The Semestered School Year

The semester system at secondary school level may be
described as the practice of dividing the schcool year
into two or more equal parts and presenting the student
with a proportion of his required courses in each semester.
In most schools in British Columbia, two . five-month

semesters have heen introduced in which students take



seven courses - four in one semester and three in the 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 Field Services, 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 pubiic 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 of 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 facilities, with two



semesters and a summer school, extending 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 of students
they particularly wished to help - those who left grade 12
with one or two courses short of graduétion reguirements,
and those who left school in the spring for commercial
fishing or other work. A semester plan would attract
students back to take just a few courses in one semester
to complete graduvation, 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 was also hoped that students who were dependent
upon the school buses could get help from teachers during

the school day in their study blocks.



In most schools, course organization began with two
equal semesters with four courses in one semester and three
in the other. Some schools had four 70- or 80-minute periods
each day - others had five one-hour periods, so that the
course in the first hour was repeated in the last hour of the
day. In the one semester, the student had a number of free
periods which could be committed to an extra course -
pérhaps one failed in the previous semester. Physical
education was treated as one courcse, and course lcads
tended to be very uneven in the first years.

These obvious weaknesses, together with criticism of
70- and 80-minute periods, led to a 5 x 5 arrangement in
some schools - five one-hour periods with ifive subject
blocks. This arrangement gave the student the chance
to take 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,
1974) . Students completing one semester would he given
credit for grade 11 in that subject, but would receive
no grade 12 credit unless the next two semesters were
completed. Since the whole of the grade 1l course is not
completed in one semester in this "plan, such students
who wrote this province-wide test of Chemistry 11 would be

expected to be at some 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.

Evaluation

Very little material seems to be available before
1974 on the 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.

l. 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 in 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,



11

but the opportunity is not as often made available in
practice as in theory.

2. The greater pace makes good attendance essential.
Some teachers report better attendance, others that
students who get behind give up altogether.

3. There is an increased workload on teachers and
administrators; but in spite of this, these groups are in
févour of the system for its greater flexibility of
programming for students and its success in attracting
students back to finish their grade 12 requirements.

Many respondents criticized the treating of Physical
Education in this way, and the unbalanced workload on the
students gave some schools problems with the use of the
unscheduled periods.

Conflicting comments on whether the work and the
homework are more or less arduous were clearly dependent
upon the subjects in which the student was involved. The
1970-71 Annual Report of the Province referred to a
growing concern over Mathematics and Physics under this
system. There has been little study of the student's
mastery of the subject; A writer of the Victoria study
commented that "frankly no one knows what will be the
effect of taking French 11 in the first semester in gradec

and French 12 in the second semester of grade 12" (p. 3).

11,
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The Nanaimo study (1969) does report some ccmparative
figures of passes and failures between 1968 and 1969. It
was claimed that there were no significant differences in
departmental examination results except that "because of
repetition, more students were recommended." However for
Chemistry 12, there were in fact noticeable differences.
In 1968 (on the traditional ten-month arrangement), 26
students were recommended and 24 out of 28 passed the
departmental exam. In 1969, 78 were recommended and only
10 out of 23 passed the exam. For Mathematics 12 and
Physics the findings were similar, but at the grade 11
level, substantial increases were noted in the number of
Mathematic and French passes awarded in the schools as a
result of repetition of the courses. Such increases were
seen as demonstrating marked improvement in achievement
in these subjects and a justification for the semester
system.

Later comments from both British Columbia and Ontario
have been less enthusiastic. MacLennan (1974) complained
about the need for good attendance and that sickness led
to dropping out, but that students later could return.

His school had used 80-minute periods which were found to

be too long.
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An extensive survey of semestering in Ontario was
undertaken by Hill (1974). Only one school in the province
was on the semester system before 1969, since which time the
numbers had grown from 6 in 1969 to 52 in 1973. Hill
wrote that he believed the rate of change would slacken as
there was growing criticism and antagonism in those
schools which had not changed "because of perceived
educational disadvantages." He suggested that "oniy
severe economic constraints would force these schools
to adopt a semester system" and that it is most attractive
to large urban schools and to separate schools, "possibly
because of economies." The suspicion that semestering
is a phenomenon benefiting only administrators and the
budget comes through in a vigorous attack by Saunders
(1974). He wrote:

Semesterinyg, in any of its variations, will

permit staff reductions either by creating

a situation in which students take fewer

credits or by drastically reducing the

number of instructional hours per credit.

This fact alone would indicate that if

semstering is analyzed on & 'benefit to whom'

‘basis, that the principal benefactors are

administrators at the expense of both

teacher and student (p. 205).

In view of Nanaimo's stated goals, this seems to be an
unfair view of administrative motives, although it is

unlikely that the plan would have been implemesnted if it

had been shown to be more expensive. Saunders also argues
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that the flexibility would require rehiring staff twice

a year and that staff availability and scheduling severely
limit this feature. Both writers strongly recommend a
study of educational results before a "jumping on the
bandwagon" by more schools.

In November 1974 Norman Gleadow undertook a more
extensive evaluation for the Vancouver School Board. In
addition to the findings already mentioned, Gleadon con-
firmed Saunders criticism by recording the number of
schools which reported having modified the hours of
instruction, and/or the course content, by either rewriting
the courses or omitting whole sections of the course to
fit into one semester, and courses requiring the under-
standing of concepts suffered. Hours of instruction per
course varied from 60-180 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 accommodate the larger numbers of students
having non-instructional time to spend on study, with
no place but the library to go, for Industrial Education
the double ordering of supplies had increased the costs
of this course.

Abbotsford attempted to solve some of these problems

" by more imaginative scheduling. Their report (Abbotsford,
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1974) was an internal one by teachers seeking some

solutions to complaints such as those expressed above.

In particular they wished to reduce the effects of absen-
teeism, extended gaps between sequential courses, too rapid
a pace in some subjects, and dislike of long pericds.

They sought to introduce a 5 x 5 plan mentioned earlier and
spread the sequential 11-12 courses through three

semesters. The report admits that the time for some courses
will be reduced which bears out Saunders' complaints tc some
extent. If students do not proceed to a grade 12 course,
one semester of grade 12 programme would receive no credits
under their arrangements.

One study examining results has been undertaken in
Victoria by J.R. Anderson in 1972. Helstudied the achieve-
ment of grade 11 students in relation to attendance and
used students from schools on both the traditional and
the semester system. His population was 1,402 grade 11
students from three schools in District 61, and his
dependent variable was the Grade Point Averaae (GPA).
From\a sample of 180, he concluded that any difference in
achievement of students on the semester and traditional
systems was not significant. However, the resultg
suggested that the effect of poor attendance on achievement

for students in semestered schools was marked enough %o
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require further investigation. By using the school Grade
Point Average, no valid comparison can be made between
schools at any subject level since school grades are arrived
at only in relation to the general class standard, or per-
haps that of several classes within one school; hence the
purpose of periodic grade-wide examinations which have
been traditionally set by the Department of Education to
obtain some check on standards. The unpopularity of this
practice among teachers may be partly due to the style of
the examinations in the last 10 to 15 years, but there are
some who consider their withdrawal a disservice to the
students. Lief Stole of Edmonton, an Assistant Principal
and former 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 in schools not previously noted for their
higher academic standards and did not include the
startling increase of 1,391.7 per cent in 'A's'

in mathematics. Stolee (1978) claims that these increases
are élacing students from schools with more rigorous

A grade standards at a disadvantage when applying for
places in professional schools. A province-wide survey
will allow the investigation of standard of achievement

across schools.
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Overall, the most constantly claimed advantage for the
semester system was greater flexibility in course offerings.
There seems to be some indications that quality may be
being sacrificed for quantity.

Seience in School and College and
Differences Between the Sexcs

1. Biological and Social Factors

" In the emotional climate of today's feminist movements,
it becomes difficult to suggest that there may be differ-
ences in the learning patterns of girls and boys. It is
still more difficult to propose that there could be any
value in investigating them and 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 development of boys and their
resulting difficulties in reading and writing. Much of
current learning theory is based upon a commonly held
assumption that a male is physiologically one year younger
than a female at birth. However, recent yresearch has
revealed that the differencg in reading achievement which
has been noted between boys and girls in Caneda and the

United Statesz, is not universally observed. Downing and
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Thomson (1974) have shown that in other countries, boys can
do as well or better than girls. In Germany, boys are
usually considered to learn to read faster than girls
(Preston, 1962). Such observations make a biological
explanation untenable and suggest a need to study cultural
influences. Downing et al (1977) have found evidence of

a relationship between sex role standards and an interest
in and achievement in reading. They point to pertinent
medical research on hermapheodites to show that a child's
psycho-sexual identity is conditioned in early childhood.

A similar supposition, which persists in North
America, regarding an innate inferiority of girls in mathe-
matics and science, has also been questioned. An observer
of Soviet education wrote that "there is not the slightest
evidence that girls are any worse at scientific or
mathematical subjects than boys" (New Statesman, 1956).
Studies done on women's colleges in the United States record
the observation that more women elect science courses
in women's colleges than in co-educational institutions,
where they fear to be outnumbered in class by men (Newcomer,
1959). At Vassar College for women, the percentage of
women in sciences was higher a hundred yvears ago than it is
today. This observation will come as a surprise to many

who believe that we are more emancipated today than in the
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previous century with regard to the education of women.
Harriet Martineau (1837), travelling in the United States in
the 1830's, wrote

We find it taken for granted that the girls are

not 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

for boys and young men studying these things is

to improve the quality of their minds.
If women at Vassar were up acainst these attitudes a hundred
years ago, is it still career expectations which keep girls
and women out of science coursecs today when educational
opportunities are now theoretically equally open to both
sexes? Betty Friedan (1963) has shown in her book The
Feminist Mystique, the social forces which have kept women
out of certain careers; and Warren Farrell (1974) has spelled
out the social conditioning processes on the outlock of boys
in North American society. 11 societies naturally
perpetuate themselves by example, and so influence the
attitudes of their children. It is only the explanaticns
which distinguish today's educationalists from their
forefathers.

The problem is not confined to North Zmerica. From
Australia, Keeves in 1973 wrote

It seems unsound to propose physiological or

psycho-analytical explanations for the differ-

ence in achievement and attitude in mathematics
and science between the sexes when there are
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disparities between countries in the magnitude

of the sex differences reported. "he most

likely explanation would seem to arise from

the expectations which 'western' communities

hold for the respective roles of men and

women (p. 60).
He also believed that a perceived limitation in career
choices influences the relative participation of the sexes
in science activities, not only in universities, but also
in the secondary schools (Keeves, 1973, p. 61).

Opportunity and participation would appear to go hand in

hand now as in 1830.

i1. Teacher Attitudes and Their Influence

on Student Achievement

The importance of adult attitudes in the student's
selection of career choices is obvious; but the influence
of teachers as school counsellors, when they advise students
on course and career choices, is perhaps not often questioned
as to the possibility of sexual 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 is more detestable than a woman
who reasons." Perhaps there is a connection here between
a teacher's attitude and Crawley's (1975) suggestion that

girls are, whether by nature or nurture, more respectful
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of authority. Whatever the cause, the obervation has implic-
ations for educaticn, and some grounds for asking whether
boys and girls may have different cognitive styles. Newbury
(1966), writing on the teaching of chemistry, noted that
while girls prefer demonstrations, boys like to do the
experiments themselves.

Lodge (1969) asked how students rated the acquisition
of certain science skills. He found that girls rated highest
the skills of classifying and recording, while boys rated
measuring and evaluating as most important.

As writers continue to speculate on the way children
learn, the influence of elementary school experiences cannot
be ignored. If girls on this continent seem to find it
harder than boys to think through logical concepts in
science and mathematics , 1s it because they found memor-
ization a surer way of getting good grades in elementary
school than asking questions and thinking things out?
Crawley's observations are not trivial.
1ii1. Cognitive Styles In Secondary

School Science

Field and Cropley (1969) made an extensive study of
cognitive styles in relation go the learning of science
subjects. They classified under the heading of category

width, the concept of a student showirg a willingness to



use broad inclusive categories, or narrow exclusive ones.
They found this variable correlated significantly with
originality in which they found boys notably superior
to girls. They also found boys to be superior in their
development of formal operations as defined by Piaget
(Inhelder & Piaget, 1958) and suggested that this may be a
contributing factor to girls' inferiority in handling
science information at school. High science scores for
girls correlated surprisingly with the narrow category
width - an opposite result from the boys iﬁ which high
scores correlated with originalityvand flexibility. 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 children between the ages of 9 and 14 years
and later 14-16 years. They measured the proportion of
children in their revresentative samples which showed
different Piagetian levels of thinking. In summary
they concluded that

No increase in the proportion showing formal

operational thinking was found beyond the age

of 15. On the three tests used, a retrospective

analysis of both surveys for sex differential

showed no increase for girls after 14, while

boys continued for a further year . . . the girls
performance was substantially lower on the test
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on spatial relationships, and on the test on
volume and density throughout the age range
9=16 (pe 62)«
They go on to say that " . . . it must remain an open question

as to whether there is further intellectual growth, as

measured in Piagetian terms, at 17 or 18 or later years."
iv. Student Attitudes

Declining enrolments in science courses in both the
United States and United Kingdom has been the spur to
research into student attitudes. Course sétisfaction and
grading practices have therefore come in for questioning.
Both Bridgham (1973) and Welch (1969) observed that science
courses usually carry an overall lower grade average than
other subjects so that students who select science
courses must accept a kind of grade penalty in doing so.
Bridgham suggests that if science grading practices were
raised to compare with other subjects, 20 per cent more
girls would enrol in chemistry and 80 per cent more in
physics; but he sugygests that the increase for boys
would be minimal.

Bradley and Hutchings (1973) asked whether subject
choice in seccndary schocls was related to a student's
concept of science and scientists. They found that boys

were much more favourably disposed towards 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 beﬁweén the sexes
in their attitudes towards scientists. However, the
absent-minded professor has gone, alorng 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 "myself as a scientist" questionnaire. He
also found no differences between boys and girls towards
science as a subject. These opposite results to the findings
of Bradley and Hutchins may be partly explained by age

differences, and partly by cultural ones. Gallagher was
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studying high school students in California and not

English l13-year-olds.
v. Other Approaches

Other attempts to find reasons for sex differences in
science achievement led to a study by Rothman, Welch and
Walberg (1969). They attempted to relate student learning
td the sexuality of the science teachers, but they were some-
what inconclusive as to the influence of these factors upon

the achievement of boys anpd girls in their classes.
Summary

Falling enrolment in school science courses in
western nations of the English speaking 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 between attitudes and cultural
role expectations for each sex. The relative participation
of the sexes in science subjects differs widely across the
world, and seems to be related to career opportunities
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 gquestions
are related to achievement in Chemistry 11 is the purpose
of tﬁis 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
héve 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. The
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 Preparation of the Tests

The tests were prepared in the fall of 1971 under the
direction of the Research and Standards Division of the
B.C. Department of Education.  The plan was for three
forms of 30 items, and the maximum time allowance was to
be one hour (Appendix A).

Content validityv was the main aim of the writcr in
compiling the tests. This required full coverage of
Chapters 1 to 8 and Chapter 18 of the textbook (Pimental,
1963) and equivalent parts of the laboratory manual (Malm,
1963), together with some additions to the course outlined
by the Department of Education Curriculum Guide (1966).

An attempt was made to design items which would test both
mastery of the subject matter and the ability to make
deductions from known and observed facts. The tests were
therefore designed to include items of a wide range of
difficulty, from some requiring simple memory or acquaintance
with the topic to those which expected an ability to apply

27
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a principle to an unfamiliar situation.

Items were chosen so as to cover a similar topic or
concept on two of the three forms and were placed in
different positions within the two tests. By this device
it was expected that a topic freguently omitted in one form,
because of its position near the end, would be attempted
in the other test. Approximately half of the test items
required calculating a numerical answer.

-An attempt was made to balance the three forms in their
overall difficulty, and in the proportion of mathematical,
true-false, and one answer type items which each contained.
The majority, about two-thirds, were in multiple choice
style. A number of errors were present in all three forms
on distribution, which are noted in Apnendix A. Students
were also asked to provide information on the front page
of the test forms, concerning not only their personal
data, but also of their past or present enrolment in
Mathematics 10, 11, 12, Biology 11, Physics 11, and
Science 10. Unfortunately, the question of enrolment in
Chemistry 12 or repetition of Chemistry 11 was not
included (Appencix A).

The Research and Standards Division of the Department
of Education undertook the task of printing the tests and

distributing them throughout the Province on two occasions.
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In June 1972 they were administered to all available students
who were taking or had taken Chemistry 11 in the 1971-72

school year. 1In January 1973 they were administered again
(after the correction of some typing errors noted in Appendix A)
to the new set of grade 11 students who had enrolled in
Chemistry 11 in the first semester of the 1972-73 school

year. The distribution of papers within each classroom was

to be undertaken in accordance with specific directions

which began by stating the following purposes of the

survey:

These tests are general achievement tests at
the Chemistry 11 level and are designed to
measure the extent of a student's mastery of
content and applications cf Chemistry 11
material. Losses and gains in semestered
and non-semestered schools will be compared.
Each student will receive one of the three
forms which are to be treated as one for
administrative purposes. After the norms
have been calculated the tests will be
available to teachers of chemistry students.

There followed instructions for distributing the test
papers:

The examiner probably will have noticed that
three forms (A, B, C) of the Chemistry 11
tests are alternated in the package. This
will ensure random sampling throughout the
school and throughout the province. Tests
are to be distributed as they are received;
the distribution should be made as 1f there
were only one form.

The arrangement which is referred to was an interweaving of

equal numbers of test forms A, Band C " . . . so that



random samples of students would be obtained in each class,
and the equivalence of the three forms could be determined”
(Conway, 1973, Appendix A). The working time of the test

was. 60 minutes. Scratch paper was provided to the student

at this researcher's request.

Population

The three test forms were randomly distributed in the
above way to a total population of 12344 Chemistry 11
students. This number does not include all students who had
initially registered in the course since some students had
left school prior to the examination date. In 1972, 2530
students who had been enrolled in September 1971 in the
first semester of that school year were omitted from this
analysis because it had already been demonstrated that
this group's achievement was significantly below the rest
of the population (B.C. Department of Education, Conway,
1973). The resulting population from which a sample
was analyzed 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 be
noted from the Table that in 1972, less than 40 per cent

of the province's senior secondary programmes offering
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TABLE I

Number of Students in the Population of Groups R S and F,

And the Ratio of Each Group to the Tectal

Programme R S F Total
R S F

Number enrolled 3700 2668 3446 9814

Number as % of 37.7% 27 .2% 35.1% 100%

total enrclled

Number as % of total 30.0% 21.6% 27.9% 79.5%
population tested

R 3700 students enrolled in Chemistry 11 in the regular 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.
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chemistry courses remained on a ten-month programme
(R group). The other 62 per cent were divided unequally

between the first and second semester (F group and S group).
Preliminary Treatment of Subjects and Data

The Research and Standards Division collected and
scored the entire population of tested students. Their
purpose was to establish provincial norms, and also to make
comparisons between the semestered groups and the
tenjmonth programme and between groups with differing
mathematical preparation. For this the Division used
mean scores from the total population. They also selected
a sample (in the manner described in the next section),
after grading the papers for the purpose of making a
detailed item analysis 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-
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classification. This double scoring enabled the writer
to correct any errors that occurred in the scoring
process by comparing the scores arrived at by each

researcher.
Sampling Procedures

The selection of the sample was not undertaken by a
simple random method, but was gathered in a stratified
and systematic manrner. Exactly 300 papers were withdrawn
from each of the three forms for each of the three pro-
grammes, making a total of 2700 pa?ers. They were withdrawn
systematically from piles of graded papers which were
stacked alphabetically by school, and any excess over 300
per form and programme were randomly discarded. Papers
with zero scores from students who clearly had not
attempted the paper were also discarded. Thus the samplie
was stratified with respect to the three forms and to
the variable of main interest -~ the population grcups
described earlier.

This sampling was done only once. Thereafter a
cross-classification technique was used to control and
analyze those variables which were suspected cof havinag the
greatest influence upon the dependent variable. Categories

which were recorded included the age and sex of the student,
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the mathematical courses taken 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 this method
of sampling yielded a sample means which well represents
the original population means, in one case, within one

half of one per cent.
Sample Proportions

By selecting exactly 300 papers from éach group in
each of the three forms, unecual proportions of the
population in each group were obtained. Of the students
taking Chemicstry 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 of students sampled from the regular
ten-month programme was lower than from the two semestered
groups. Table II shows that these proportions range from
23.0 per cent to 34.0 per cent. Other classifications,
however, were obtained in the same proportions as had
occurred in the tctal 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.
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TABLE II

Sample Percentage: Total Numbers (N) of Students Writing

Tests in Each Programme and the Sample Ratios Taken (fy)

Prog. Form A~ Form B Forn C Total/Prcgramme
R Nl 1259 1235 1206 3700
f1 23.8% 24.27% 24.9% 24 .3%
S N, 891 880 897 2668
f2 33.7% 34.0% 33.4% 33.7%
F N4 1168 ’ 1148 1130 3446
f4 25.7% 26.17 26.5% 26.1%
Total NT 3318 3263 5233 9814
per
form fT 27 1% 27.6% - 27 .8% 27.5%

Sample N = 300

f
X

300/NX for each Form

Hh
I

9OO/NT for each Form



Number and Percentages of Boys and Girls in Each Sample

TABLE III
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Form A Form B Form C
Programme Totals
Boys Girls Boys Girls Boys Girls

Ns 176 124 180 119 181 119 899
R

% 58.7 41.3 60.0 39.7 60.3 39.7

NS 164 136 174 126 163 137 900
S

% 54.7 45.3 58.0 42.0 54.3 45.7

Ns 193 107 168 129 168 131 896
F

% 64.3 35.7 56.0 43.0 56.0 43.7
Unknown 4 1 5
Totals 533 367 522 374 512 387 2700
Form 7 - 59«2 40.8 58.2 41.7 56.9 43.0
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Treatment

Test forms. In this study; the only element of
experimental control as defined earlier was exercised in
the random distribution of the three forms of the tests in
approximately equal numbers in each classroom (Conway,
Appendix A). It was the intention of the Research and
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, ahd the three forms utilized
as three replications of the one survey. The forms were

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

The first main variable of interest, which determined
the choice of strata for sampling purposes, was the type
of school programme in which the students took their
Chemistry 11 course. The programme was either ten-months
or a semstered school year, and students were enrolled in
one of three programmes defined as follows: (a) Programue R:
a ten-month programme for September 1971 to June 1972,
writing the test in June 1972 (Regular Programme) ;

(b) Programme S: a second semester programme from



38

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 semester is a weriod, usually five
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 classifying the data, after
scoring and sampling, from information provided by the
student on the front of egch test papver. Fivé students
of Form B and one of Form C did not identify their sex,
and the papers had to be discarded 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 Form B | Form C
R _ R R
S S S
F F F

Boys Girls Boys Girls Boys Girls
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Hypotheses

The following null hypotheses were tested:
H.: there is no siagnificant difference betweeﬁ the mean
scores in programmes R, S, and F;
H,: there is no significant difference between the mean
scores of Boys and Girls; |
there is nc significant interaction between the sexes
and the programmes in mean scores of each of the six
subgroups.
Each of these hypothéses was tested separately for
Forms A, B, and C. The analysis was undertaken using the
coﬁputer procgramme ANOVA 22 which computes a two-way analysis
for uneven cell frequencies. After reviewing the power
function at o = .01 and a = .05, the level of significance

was set at o = .05 (Table XI Appendix B).



CHAPTER IV
PRESENTATION AND INTERPRETATION OF THE DATA

Test Statistics

Table IV records the mean scores, standard deviations,
and number of students in each of 18 subgroups when the
data are categorized by semester, sex and test forms.
Figure 1 illustrates the mean scores in relation to the
three programmes and shows the means with sexes pooled
and sexes separated. It may be observed that the means
are everywhere lower for girls than for boys and so are
the standard deviations, variances and reliability co-
efficients. The only exceptions are the two reliability

coefficients for Forms B and C in the second semester

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

40



41

TABLE IV

Mean Scores (m) and Standard Deviations (sd)

and Enrolment (n) in Each Subgroup

Boys . Girls
m 15.38 12.81
R sd 5.71 4.38
n 176 127
Form A m 15.09 12.98
S sd 5.44 4.89
n 164 136
m 13.56 12.58
F sd 5.31 5.10
n 193 ' 107
m 13.94 12.61
R sd 4,.51 4.19
n - 180 119
Form B m 13.97 13.07
S sd 4.19 4.19
n 174 126
m 13.86 12.89
F sd 4.56 3.92
n 168 129
m 14.15 12.92
R sd 5.29 4.43
n 181 119
¥ C m 14.17 13.00
e s sd 5.70 4.98
n 163 137
m 13.94 13.00
F sd 4.71 4.45
n 168 131




FIGURE 1

Mean ;Scores'Shqwfng"éex Differences In Each Programme In Chemistry 11
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Results of the Analysis of Variance

The two-way Analysis of Variance, using the programme

ANOVA 22, yielded the following results

TABLE V
(1)

Analyses of Variance

Source af MS F P
¥ Sex 1 786.90 28.96* - 0.00002
g Programme 2 134.26 4.,94* 0.007
R Interaction 2 47.61 1.753 0.18
M
A Error 894 27.17
F
0 Sex 1 246.69 13.40* 0.0003
R Programme 2 3.21 0.17 0.84
M Interaction 2 3.88 0.21 0.81
B  Error 892 18.42
F' sex 1 269.82 10.81* 0.001
0 Programme 2 1.22 0.05 0.95
B Interaction 2 » 1.65 0.07 0.94
M
C Error 888 24.95

* Significant at the .05 level.

Based on Winer (1962, pp. 224-227, 291-297).
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Interpretation ¢f the Analysis

Hj: Programmes. For Forms B and C, there was no
significant difference in the mean scores of students in the
tﬁree programmes, R,S and F. In these two replications we
cannot reject the hypothesis. Form A shows different
results. The mean scores between the prcorammes showed a
significant difference at less than 1 per cent. Therefore,
for Form A, the hypothesis may be rejected (Table V).

'The graph illustrates a tendency for programme 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 bovs and giris on
all programmes. This was true in all three replications.
The differences are illustrated in Figure 1 and show the
boys always in the lead. Therefore, Hypothesis Two is
rejected.

The craph also shows that there was 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 ketwzen the programmes in Form A

is located among boys, not girls.
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HS: Interaction Effect. From the results shown in
Table V, the hypothesis that there is no interaction effect
between the programme and the sex of the student cannot be
rejected. Mean scores illustrated in the graph, however,
suggest the presence of some interaction. They indicate
that the significant difference between programmes for
Form A is due to the boys' scores and not the girls'
scores. This degree of interaction invites further
investigations by methods of analysis which are designed

to uncover underlying causes and explore several of the

potentially interacting factors in a more specific way.



CHAPTER V
DISCUSSION AND SUGGESTIONS FOR FURTHER RESEARCH

Overview

In order to assess the relative quality of the
learning environment 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 of British Columbia in June 1972 and January 1973.
A sample of these test results was selected and analyzed
by a series of two-way analyses of variance. Programme
and Séx 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 basis of sex, (2) that there were no significant
differences in the achievement of students on the semester
or non-semestered programmes, and (3) there were no
significant interacticn between the sex and programme

factors.
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The three forms of the tests - A, B, and C - though
carefully matched in length and difficulty, were not
identical in subject matter. All topics included were
part of the Chemistrv 11 course, and the majority were
presented in two out of the three tests. The results 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
therefore treated as three parallel studies.

The two-way analysis of variance yielded the
following results: (1) There was a significant difference
between the mean scores of boys and girls on all three test
forms, the boys showing the higher scores in all three;

(2) There was no significant difference between the mean
scores of students in Chemistry 11 who took the course on a
ten-month 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
semester scores; (3) There was no significant interaction

between programme and sex indicated by ANOVA 22.
Discussion

The results from the analysis of variance show a
difference between the three forms, but this statistical

significance cannot by itself lead to any conclusions 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
léast 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 Differences

In Forms A, B and C boys performed significantly
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 confirm the belief that girls are,
in all cultures, inferior to boys in their mastery of
scientific and mathematical subjects (New Statesman, 1956).
The reasons nust be sought in other areas such as the attitudes
of students towards scientific careers, attitudes of
teachers towards students in science classes, ana in the

general expectations which surround the learning environment.
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Strong social pressures connected with role expectations
for the sexes have been pointed out by Frieden (1963)
and Farrell (1974). It has also been noted by Newcomer
(1959) that the participation of women in science education
differed with the social environment, being higher in
women's colleges in the United States than in co-ed
institutions. Thus the clear differences between sexes in
their participation in school educational activities and
in career choices may not reflect their relative innate
abilities. Differences in achievement in science and
mathematics, noted by Keeves (1973) in his international
study in ten countries, showed widely differing results
between nationalities. In analyzing the complex network of
forces associated with cultural norms, expectations and
sex roles, he suggests that insufficient attention has been
given by researchers to the possibility of inequalities
between boys and girls in the educational opportunities
made available to them. Teacher attitudes both inside
the classroom in their teaching styles and expectations, and
outside in the planning of the time tables, may be a
critical factor in influencing students' choices of courses.
Another potential factor that has been reported is
the differences in cognitive styles between boys and girls

(Field and Cropley, 1969; Lodge, 1969). Their findings



suggest that teaching and testing methods may be more suit-
able for one sex than another. Newbury (1965) has noted
that in laboratory teaching, girls prefer demonstrations
while boys prefer to do the experiments themselves. Current
testing methods strongly favour memorization, but in this
study, the three tests contained a considerable number of
items requiring applications of a principle to an unknown
situation. It has been noted that the tests' reliability
indices were lower for girls on all three forms suggesting
that in some way the test instruments were more suitable

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

the application level of questioning that was used in this
study's tests could account in part for the consistent

sex differences in the achievement scores. If we can

equate the application level of questioning with problem
solving and the Piagetian stage of thinking known as

formal operations, then these findings could be said to
confirm more recent investigations of Shayer and Wylam
(1976). After studying student achievement in problem
solving, they concluded that a girl's development in
operational thinking ceases or slows down temporarily around
14 years, whilst in the boys it continues to develop through-
out their fifteenth and sixteenth year. Although their

study leaves open the question of renewed development
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in later years, it does suggest a rationale for applying

different teaching strategies to the secondary school age
group. Some further indications of this possibility

are present in the results of the analysis of the school

programmes, to which programmes boys and girls appear

to react differently.
Differences Between Programmes

" For Form A there was a significant difference between
programmes due to the boys scores. Figure 1 which
illustrates the results in Table V, shows that the ten-
month year is favored for the boys, but is only second best
for girls. The results when the sexes are pooled still
favours the ten—month.programme over fall or spring
semesters.

No such significant differences were found for Forms
B or C. This does not imply that Form A results should be
ignored however, but it does suggest that any inference
which might be drawn from Form A's pooled results should be
examined more critically. The inference that Chemistry
students will achieve better results if the course is
taught on a reqgular ten-month programme can be seen on
closer examination to be only a justifiable conclusion for

boys. Differences between the results of the three Forms
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raises more interesting questions 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
apd 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 were recorded as
unfinished. By definition, a test paper is unfinished if
the last item or items are not apparently attempted. The
substantial difference betwgen the number of unfinished
tests for the three forms (Table VIII) is directly related

to this definition. Form A had two of the hardest



questions as the last two in the paper. Forms B and C had
items cof similar difficulty placed in other positions on

the test. By this definition the fewest unfinished tests
occurred in the ten-month programmes and the greatest number
occurred in first semester. Girls proportionally left

more tests unfinished than boys.

Another way in which Form A differed slightly from the
other two was in the number of items requiring mathematical-
calculation. Form A had 17 items, Form B, 14 and Form C,
15 items cut of 30 in this category. Thesé siight differ-
ences parallel the differences in the number of unfinished
papers, suggestive of the importance of the time element
involved in calculation and problem solving.

In 1973, Conway used difficulty and discrimination
indices to uncover items of greater difficulty and showed
that some of the more 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 effect of the scheduling of Mathematics 11 courses
relative to Chemistry 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 readily be seen that
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those who previously [have] taken Math 11 usually have higher
chemistry scores, a positive conclusion that Math 11 should
be a prerequisite is not justified." He argues that

the results are usually due to self-selection of pupils

in terms of general ability.

The writer questions this argument since a student's
choices, when they register for new courses, are as often
ihfluenced 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 evidence that cheﬁistry students
have been advised of the appropriateness of doing Mathe-
matics 11 before or at least concurrently with Chemistry 11.

The writer's analysis of the sample means did not support
the view that reorganizing the school vear into short
semesters makes no difference té 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 display of
some results from a preliminary investigation into this
aspect of the problem is shown in Figure 2. The points
on the graph are taken from the mean scores recorded in
Table IX (Appendix B). In Figure 2, in group 1 students

who were taking Mathematics 11 concurrently with Chemistry 11
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and in group 2 were those who had completed Mathematics 11
before beginning the chemistry course. It would appear

that boys do consistently better if they take Mathematics 11
in advance of Chemistry 11, but that girls have a greater
measure of success if they take Mathematics 11 concurrently
with Chemistry 11. The differences average out when the
séxes are pooled, completely obscuring the importance

of co-requisite mathematics.

The observation 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 mathematics courses when planning school
curricula.

Lockwood (1957) investigated the general belief that
high school students often avoided chemistry and physics
because of the level of difficulty of the mathematical
content. He concluded that a first course in algebra was
sufficient for the needs of chemistry courses. Denny
(1971) analvzed 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 mathematics courses in light
of these ten needed skills indicates that five of them were

not taught until Mathematics 11. The traditional year
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programme was planned so that Chemistry 11 and Mathematics 11
would be taken concurrently but under a semester schedule
a student may enrol in Chemistry 11 and Mathematics 11
in different semesters. It was ascertained from Conway's
records that the proportion of students in Programmes R and S
who had not taken Mathematics 11 before completing the
Chemistry 11 course was only 4 per cent, but in Programme F
this proportion rose to 29 per cent. These students
would have taken no algebra course since grade 9, since
at that time the grade 10,course‘consisted.solely of geometry.
Some evidence that this weakness in mathematics grounding
could affect chemistry scores may be seen by comparing
Figures 1 and 2. In Figure 2 the latter mathematical
group has been omitted, and the mean scores in Programme F
are no longer perceptibly lower than in the other programmes,
suggesting that this group may be one cause of the lower
performance shown in Figure 1 and Table V. The large
proportion of 29 per cent suggests a lack of interest
in any joint planning of mathematics and science courses
at several levels of the system.

Many writers comment on the lack of co-operation
between mathematics and science teachers. Both Crawford
(1971) and Rising (1967), in writing of this need, call

for sustained and serious consultation between them.
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Students do not necessarily recognize a familiar technique
in a new guise; there are frequently differences in notation,
terminology, and procedures between the three sciences due
to traditions in each discipline. There is no mention made
in the provincial chemistry course outline of the mathe-
matical skills required for success in the course - an
omission which illustrates the point. The disturbing
feature of these observations is the prevalence of
organizational practices which seem to take so little
account of the students' learning needs, in spite of a

large body of experience and research.

Interaction

There was no significant 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 mean scores than boys under
certalin programme conditions, rnomely, if they took their
chemistry in the second semest: and were studying their
Mathematics 11 concurrently.

The above observations raise the question as to

whether the selected method of analysis was the most
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appropriate in view of the manner in which the data was
collected. The design was one which has been described

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 suppressor 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 independent effect of 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 down
analysis or the forward elimination of effects and can be
used to show the total effect of a factor unadjusted for
other factors. It is clear from the data presented, and

Figures 1 and 2, that there are considerable cancellation

effects presented in this data, both between programme and



sex factors and between sex factors and the scheduling of
mathematics courses. A three-way analysis using 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 method the differences in the varia-
bility becomes reflected in the separate F ratio for each
sex when testing for significance of the programme effect.
It follows that the chances éf obtaininq a significant 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,
1972, pp. 455-458).

In summary, despite the limitations of the programme
which was used, it seems clear that further investigation
which takes into account a greater number of variables,
in particular the scheduling of related courses such as
mathematics, might more clearly define what lies behind

the programme factor.
What Further Fesearch Ie Indicated?

The following areas have been identified as requiring

further research. Each could be studied individually,
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but more meaningfully if they are cross-classified with
the sex factor.

l. Item statistics could be studied in detail to
examine whether difficulty and discrimination indices are
sex-dependent or test-deéendent in terms of the position
of the item on the test. They could also be evaluated in
terms of the degree of mathematical preparation a student
had received before taking the chemistry course or the
chemistry test. The programme of studies in which a student
was enrolled - ten-month or semester system —‘should be
another factor upon which to compare the difficulty and
discriminating power of a particular item. The dependence
of test writers upon such statistics in design;ng tests
makes this type of research imperative. .

2. Further examination of the semester system is
indicated in light of scheduling practices of related
courses, especially Mathematics 11. How often do students
take Chemistry 11 before they take Mathematics 11? Do girls
and boys differ in the effect, if any, of scheduling
Mathematics 11 and Chemistry 11 concurrently?

More precise methods of analysis and control of
variables could determine whether there is a significant
interaction between the sex of students and the variety

of school programmes now being offered to students in



high schools. Course enrolments show that little attempt
is made to schedule courses consecutively or on the basis
of related subject matter in the semestered high schools.
The system was set up at least in part to make it easier
for a student to acguire credits towards graduation
(Nanaimo, 1968-692; Abbotsford, 1974); so perhaps it is the
credit system rather than its offspring, the semester
sYstem, which requires re-examination. Coupled with the
administrative problems of using one's staff effectively,
it would appear that the ?cquiring of studénté' credits
has become more important than the desire to teach more
effectively. To do this would necessitate moving staff
to other schoocls 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 sex differ-
ences is the major outccome of this study. It is not
enough merely to examine results on some achievement tests
and then conclude that one sex achieves better than
another. The mauny variables involved need to be identified
and studied. Some other variables should be pursued in
the area of teaching and learning styles and methods along
the lines of the work of Welch (1969), Piaget (1959),

and Lodge {(1969). 1If it were to be found that girls and
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boys do indeed differ in their reaction to school organ-
ization, to certain teaching methods and to male and female
teachers, what would be the implications of such findings
for future educational decisions, and by whom will such

decisions be made?
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ERRATA

Test Forms

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-
tractor (2). Both these errors were corrected in the papers
sent out in January 1973. This question was incorrectly
keyed for (2) as the correct answer instead of (3) through-
out the study in the departmental grading. This was
cofrected in the regrading of the samples by computer.

Form B. 1In 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 Januvary 1973 distribution.

Form C. 1In Item 27, FeS, had been incorrectly written as

2

FeZS. This was corrected in the January forms.



Research and St
2

ardards Branch
Department ol Educat

{on, Vicroria
Directions for adzministering

B.C, CREMISTRY 11 TESTS
forms A, B, C

June 1972

Pur-ose of the Survev

the Chemistry 11 level and
ery of the content and
ns in semestered and none

1 receive one of the three
e purposes. After the norms
achers of Chemisctry scudents.

enam az{liar with the directicns for
a tha 2 AT THE TO02 .0F THIS PACE
9 THE S T {1STER. It is best to
ction re ing to aduafnister the exaxzination.
questd ] il ¢ anticipaced and probleas of
can b ¢ re Speed in getting the pupils down
porzant. Candidates 14 llowed orly a mimiz:m of tise to £{11
s on the cover of the beoklet, As soon as a majority has finished, the
shoula be told to comlere the {nformation after the end of the
The test papers should be checked carefully to see that they have

Chezistry 11 classes may be combined for testing, providing that studeats
together.  Zach student should have at least three fect of desk
fortably. Wnen a large gioup is to be tested, procters
ute the tests. Thera should be one proctor for every
tors should understand in advance whiat they are to do
(stributed quickly and collected without confusion.

; 1
W ale

are nov

space s> that he can work
may oe neeied to Lelp
10 or <0 examinees.
so that the

Studonte who are to by reszed

te who sve takirs or wvho have taken Chenistry 11 this school
cd, dete dnslude stulents who copleted Chienisery L1 in the fall

Ve r ov
se=vste of Jarnuary) and are still {n school, The system under which aach
supil took Chemtistry 1l will be recorded on the cover of each test.

Each pupil should have a pen and tqupcncils and a sheet of scratch paper.

-2-

Class Record Sheets

Class record sheets are not requiraed. They will be prepared in Vic:
But a list of absentees 1is necessary and space is provided for this on tha Iin
page of these directions. In order to account for all papers written, a ccunt
the nuaber of students writing also must be made.

Timing
The actuial working time of the test s ol minutes in one cuntinlocs

session, but an addftional 5 minutes may be required for the Jdistrituzion of te
and the complecion of the cover page., The exc=iner shculd have a watch with an
easily read second hand and should pay particular attezzion to the tize =3 that
he does not forget to issue the "Stop'" instruction exactly when it is regulisrsse
The Tize2 Record Shect which follows these directions should be cozplezed cs scc
as the students have begun and should be corrected afterwards, i{ necessary, &3

indicate any error in timing.

Dictributfon of tast papers

The excminer probably will have noticed that three forms (A, 3, ) of
the Chenistry 11 tests are alternated {n the package., This will eusure ranion
sazpling throughout the school and throughout the province. Tests ar: to S:2
distrituted as they are recelved; the distribution should bSe mads as if ethere
were only one form.

Directions to the Pupils

(1) When the class is seated and tne proctors or the pupils in che fronot
are assisting in passing out the booklets, the excainer shocld say:

"THIS IS
ARE TC JE PIACED ON
OTHER CHEMISTRY 11

WFILL IN THE BLANKS
UNTIL YOU ARZ TOLD
IN BLOCK CAPITALS.

WAHEN YOU HAVE FILLED IN THE BLANKS, READ THE CENEZAL DIPECTIONS T
NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SO."

-

oA



73

-3- #
; .
¥
(2) Allow 3 reasonable time for filling in the spaces on the cover pasge and : TIMS PECORD
resding the Ceneral Directions. When most of the students have done this, the
exaaiaer shculd say: B.C. Chemistry 1l Tests - For=s A&, B, C
I
WIF YOU NEED EXTRA SPACE FOR CALCULATIONS USE THE SCRATCH PAPER. BUT ' ) . (to be zreturmad with the test papers)
ONLY THE ANSWISS YOU PUT ON THE TEST BOOKLET WILL BE MARKED. : :
; |
UARS TUERE ANY QUISTIONS? XNO QUESTIONS MAY BE ASKED AFTEZR THE TEST i Hr. | ¥in. | Sec.
BECINS . (Stuldents who have rot completed the cover page may be told to do so ’
at the end of the test.) Bnd of preliminary directions:
("Open the booklet and bezia
(3) When all are ready, say: . . : the test.")
N
AY FIND IT DIFFISULT TO COMPLETE THE TEST IN THE TIME TUAT HAS ! _ Add -- 80 | «-
; 8% WASTY. RUAD EACH QUESTION CAREFULLY. DO THE BEST E
T T W TO THE END AND THEN GO BACK TO TRY QUESTIONS YOU HAVE Time to say: ''Stop. e.e.
SOOKLET AND BESIN TilE TEST." L Close your bocklets.®
(%) Note the exact time whenm you say "Begin' and write it on the Time Record ' vincial norss.)
thaz follows. Add 60 minites and mcke tne entries on the Time Record. Do not .
allow the students any extra time for reaaing directions that may appear in the- !

body of the test.

This nuzber {s the total m=ber of students

(s) At the end of 60 airutes, say: ‘ who wrote one form of the Ct;:is:ry 11 3 RUMSER OF
! tests ({.e. equal to the number of used STUDZNTS WAITING eececoccase
NITCP.  EVESD IF YOU UAVE %OT FINISHED, YOU MUST CLOSE YOUR DOOKLETS. booklets).

CHECK THE DNFORATION TUAT YOU HAVE FILLED IN ON THE COVER.Y

(%) Have the booklers collected at once. !ake sure that pupils have entered LIST OF APSTNTESS
all {nformazion necessary for {dentificaricn and classiffcation. It {s espccilally . .
f=;errane that the students! surmames are printed legibly, followed by their ! fom té’:h:héhzgzzzr;fli-ie::“de?;3 still é“I:Ch°:1b“5z fé? i3= Vfét: 327?
A ! . urcane, followed by {nf{tilals, and ¥ ox
for sex.)
N Ccplete the List of Absentees (rnext page). Arrange the booklets in : : Sex Se=x
alrnaSetic order ond ploze this Time Pecord and che List of Absentecs on top. }
See that the total number of bocklets corresponds to the number of pupils who have EipsREse s daERg Tl AW eve . R R A e
wrictten the test. Under no circumstances should any acttwpt be made to mark che
testse Urnuced booklers should be separated from the used booklets by means of a I e PRI e evecececccssccsecane wee
sheet of paper or separate tying, and be enclosed in the same parcel. Do noc ’
Tte=pt TO sort out forms A, B, C, " #escecsestrrecavenne “oe essvesssscssesceccee oo
Please retum i==cdiately: } R “en . vescecventvrovvrrien vee
== ! .
(1) Achievement Tests (Forms A, B, C mixed), Time Record and teeecresccsoscenesss  ees teceresteccsoncavees  see
List of Absentees. :
R A A R R R R R L ) LE RS LA eve
(2) All unused tests (as in Paragraph 7 above).
to: Reséarch and Standards Branch, '
. Deparement of Educztion, : : . ....;;;;................-....
Parliuzent Buildings, | nistrator 6f Test

Vieraria R.C.



BRITISH COLUMBIA TESTS
CHEMISTRY II

FORIA A

Research and Standards Branch,

Department c¢f Education, Victoria, British Columbia.

(L

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

ame. ... Age Sex
(Last birthday) (MorF)
ate__. —..Grade_______ _ Home-room Div.No...___________
*hool School District No...___________
Academic
rogramme: Technical Commercial .. Comm. Services..._...____Industrial ___________
heck (/) i
it 124 Visual apd Other programmes
¢ Performing for particular
Arts - Agriculture occupations
Have you taken or are vou entolled in the following courses?
Presently Previousiy Presently Previously
Enrolled Taken Enrolled Taken

iology 11 _____

hemistry 11
1st semester

2nd semester

10-month course ...

Mathematics 10 ____

Mathematies 11 ____

Mathematics 12 _______

Physics 11

Science 10 . .| ___

seneral Directions: The purposc of this test is to measure your knowledge of the prescrived 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 diflicult ones if you have time. A Periodic Table of the elements is printed on the back

page.

ganese (Mn), atomic weight 55).

It may be used whenever an atomic weight is neceded.

Use approximate rounded values (e.g., man-
Calculations and rough work may be done on cxtra paper but only the

answers placed in the correct answer spaces wiil be marked. They may be either digits or capital letters. Wild
guessing of multiple-choice answers is sure to result in a Jow 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. MAcDONALD, Printer to the Queen’s Most Excellent Majesty
in right of the Province of British Celumbia.

1972
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ERITISH COLUMBIA TESTS
CHEMISTRY Il

FORM B

Research and Standards Branch,

Department of Education, Victoria, British Columbia.

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

Name Age — Sex
(Last birthday) (MorF)
Date Grade Home-room Div.No..._______ .
School School District No.
Academic
Programme: Technical Commercial ... Comm. Services______________ Industrial ___________

Check (1) Visual apd
i Performing
Arts

Other programmes
for particular
Agriculture________________ occupations

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

I Previously Presently Previously
Taken Enrolled Taken

Mathematics 10 __.__

Biology 11

Chemistry 11
1st semester

Mathematics 11 _____

2nd semester

Mathematics 12 ___

10-month course __

Physics 11

Science 10 _

Geéneral 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 diflicult 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). Calculations 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. MACDONALD, Printer to the Quecn’s Most Excellent Majesty

in rignt of the Province of British Columbia.
1972
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BRITISH COLUMBIA TESTS
CHEMISTRY Il
FORM C

Research and Standards Branch,
Department of Education, Victoria, British Columbia.

Fill in the blanks below but do ot open the booklet until you are told to do so.

Name e S R - Age S .. ) S
(Last birthday) (M or F)
Date Grade.._....___ Home-room Div. No.
School School District No. ...
Academic
Programme: Technical ... Commercial _____________ Comm. Services....__.._._.___ Industrial .
(Check (1 Visual and Other programmes
appropriate i i
e Performing ) ~ for part.lcular
Arts.__ Agriculture ... occupations. .
Have you taken or are you enrolled in the following courses?
Presently I Previously Presently Previously
Enrolied Taken Enrolled Taken

Biology 11

Chemistry 11
1st semester

2nd semester

10-month course

Mathematics 10 . |._._._.

Mathematics 11 ..

Mathematics 12

Physics 11

Science 10 ... .

General Directions: The purpose of this test is to measure your knowledge of the prescribed course in Chemistry 11.

You wiil have 60 minutes for the test.

Do not spend toc much timie on any one item; answer easier questions

first, then return to the difiicult ones if you have time. A Periodic Table of the elements is printed on the back
page. It may be used wiicnever an atomic weight is needed. Use approximate rounded values (e.g., man-
ganese (Mn), atomic weight 55). Calculations 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. MacDoNALD, Printer to the Queen’s Most Excellent Majesty
in right of the Province of British Columbia.
1972
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LETTER FROM DR. CONWAY
February 1976

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

Dear Mrs. Greenwood:

In reply to your request for an explanation of our method of

sampling, here are the steps that were taken:
1. For administration of the tests the "sample'" was 1007 of those
attempting to complete the course in the year or semester being tested,
i.e. it was not a sample; it was a total population. Such a population
will never be equal to the reported enrolment, however. 'Enrolment' is
the maximum number of names listed for the course during the time
period under consideration. It will include:

(a) those ill or absent for any other reason on the date of testing,

(b) those who have moved (a tremendous number in total),

(c) those who have dropped out.

2. The chief factor in obtaining reliable measurement is the length of
the measuring instrument, i.e. the number of markable items. Here we
are faced with a dilemma: the time of administration must be short
enough to fit the shortest time period devoted to the subject in all of
the different timetables which may allot 40, 50, or even 120 minutes in
different schools. If too many items are prescribed for the short time
period, it becomes a test of speed rather than power.

This problem is solved by breaking the test into a number of
"equivalent" forms, each one short enough to be completed in the pre-
scribed time period. ("Equivalence'" is of course only approximate and
we have often found that forms of standardized tests that have sold
hundreds of thousands of copies were not what we would call "equivalent
when administered to 20,000 or more pupils.)

In corder to determine the '"equivalence'" of items we have to
administer them to "equivalent'" populations or to administer all forms
in successicn to all pupils. (Even if we did so, we would have to
randomize the administration of A, B and C because motivation on the
third day might not be as great as on the first.)

Instead, we shipped the tests interleaved with Forms A, B, C, A,
B, etc. in order. Instructions were to distribute these down the rows
of pupils in the order in which they were received, in order to obtain
three equivalent samples of the total population. Although B or C forms
would be on top of the pile with equal frequency, we found a slight
tendency for A's to be administered with greater frequency; the teachers
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buried form B or C and there were more of the latter left over when the
number being tested was not divisible by three. The meticulous mind
dictates that Form A must always be given to the first pupil in the
left-hand row!

I should mention that we have found this method of randomization
to be vastly superior to any method of attempting to obtain samples of
"equivalent schools'" 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 before marking was completed.
We never succeeded. Even carefully selected halves of all the schools
in the province, selected by hindsight on the basis of scores in Mathe-
matics, would prove completely unequal in English.

3. Although it is quite possible that in a small class, say of 9 pupils,
the three best pupils wrote Form A and the three worst ones wrote Form C,
I think that province-wide the sample populations would be equivalent.

Our procedure was then as follows:

(a) TFile the papers as received according to school district, school
and class.

(b) Split this arrangement into 3 files, one for each of the forms
which are now separated for marking.

(c) Mark the tests, alphabetize them and type separate lists for
each class for each form. This is necessary because the forms may not
be "equivalent'" and the scores may have to be compared with different
norms.

4. One objection to machine scoring and computer handling of scores is
the inability of any mechanical device to distinguish between a zero or
very low score and a '"D.N.W." The latter is defined for marking purposes
as any pupil who, although present and completing the cover of the test,
obviously did not make a conscientious effort to complete as many items

as possible to the best of his ability. Examples are pupils who correctly
or incorrectly completed only one or two items in half an hour, or ones
who answer multiple-choice items 1, 2, 3, 4, 5, 1, 2, 3, 4, 5, etc.
throughout the test.

Such scores are supposed to be excluded from any sampling or sta-
tistical analysis because although they are few in number, they can
greatly distort mathematical data. OUccasionally our hand-marking and
hand-sampling methods permit one or two of these to slip in, but they
are supposed to be removed.

5. Tt has been our procedure to conduct item-analysis and reliability
studies on samples of 300, whether the number of pupils tested was 1500
or 45,000. There are three reasons: (1) The largest sheets of squared
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paper we could conveniently use for tabulation had about 110 squares and
allowing for headings, totals, half-scores, etc. we filled three sheets
with the upper, middle and lower parts of the distribution. (2) In
studies we made years ago on the reliability of item-validities we found
that samples of 100 or so were quite likely to be unreliable but that by
the time 300 was reached we were almost as high on the curve as if we
had used 600 or 1000. (3) Per cents of each third can be obtained
without calculation.

Moreover, in test construction, statistical data can only be a
rought guide. Why calculate to three or four significant decimals if
you are only using the first one as an approximation? Curricular valid-
ity is the prime consideration, and we have frequently had to discard
items of high statistical validity in order to obtain balanced coverage
of the course.

The samples of 300 were obtained as follows from the tests which
were'in alpha order by class, by school and by school district with the
DNW's presumably removed. If there were 1567 of these papers we needed
approximately one-fifth. Five papers squeezed together were approxi-
mately one-quarter inch. Therefore going down through the piles an
estimated quarter-inch (no counting) and turning them over, individual
papers were removed. These now made up a pile about 15 inches deep and
when counted carefully, it was found to contain 319 papers. Nineteen
were removed at randem (about one in seven-eighths of an inch) and
returned to the population. If there had been a deficiency, we would
have gone back to the total and say, removed one additional paper every
2-1/2 feet.

The selection is completely 'blind', i.e. there is no reference
to school or score. Only when the sample is finalized at 300 are they
sorted according to score, after which they are analyzed. We would
expect to have about twice as many papers from Vancouver as from Surrey
or Greater Victoria, but we make no attempt to modify the sample to
ensure that there are. Nevertheless, with the exception of the DNW's
we are sure that the 300 is representative of the province of B.C.

Yours very truly,
C.B. CONWAY

Ex-Director,
Research and Standards.
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Extra Tables, Definitions, Mathematical Assumptions and
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For the Analysis of Variance
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TABLE vyI1

Variances of the Mean Scores and

Homogeneity of Variance Data (x?2)

81

Form Prog R Prog S Prog F Total x2 p*

ALl 28.57 28.04 2751 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 1757 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 that the variances are equal.

*%significant x?

TABLE

VII

Kuder Richardson Reliability Coefficients

Boys and Girls

Form A Form B Form C
Prog. Boys Girls Pooled Boys Girls Pooled Boys Girls Pooled
R .816 .716 .793 .698 .668 .689 .775 .705 o152
s  .797 « 758 .785 .666 .690 .675 .739 .763 . 790
F . 797 .783 .790 .718 .635 . 686 .739 <A .726




TABLE VIII

Incompleted Tests

Item Semester R Semester S Semester F
Form # Totals
' Boys Girls' Total Boys Girls Total Boys Girls Total
23 1 1 1
24 1 3 1
25 1 1 1 il 2
A 26 1 1 2 2 4 6 4 4 5 13
27 1 2 3 3 4 7 6 3 9 19
28 3 4 7 3 4 7 6 8 14 28
29 17 15 32 13 21 34 31 19 50 116
30 22 22 44 22 37 59 49 28 77 180
26 1 1 1
27 1 i 8 1
B 28 3 1 4 3 2 5 1 2 3 12
29 3 1 4 3 2 5 1 4 5 14
30 4 i 4 5 5 4 9 3 4 7 21
23 1 1 1
24 2 2 2
25 2 2 1 1 3
C 26 2 2 1 1 2 1 1 5
27 2 1 3 2 1 3 3 3 9
28 3 2 5 3 8 11 5 8 13 29
29 3 3 6 3 9 12 vi 10 17 35
30 9 16 25 10 23 33 16 27 43 101
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TABLE IX

Mean Scores by Mathematics 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 populaticn means distributions using the
following formula (from Bernard Ostle, Statistice in Research [Iowa
State University Press, 1969], p. 31):

x? ={(0 - E)?/E
where E = population means and O = sample means

= 0.20225 < = 0.207

2 2
X (%) .005% (4)

(see Ostle, tables, p. 523).

Therefore 'sample'" distribution matches the population distribution
to within one-half of one percent. Therefore there is no 'sampling bias"
when the scores are cross—classified by mathematical groupings.

*Item 1 wrongly keyed.



TARLE

X

Mean Scores for Populations and Samples
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Form C

Semester Form A Form B Combined
(10 month) Population 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 Population 11.60% 11.32 1207 11.83
Sample 12.83 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
Total Population 12.70 12.97 13.18 12.95
Sample 13.62 13.15 13.30 13.34

* Ttem 1 wrongly keved.

Source: Population means, C. B. Conway, 1974.
Sample, ANOVA 15B after rescoring.

Maximum score

30



85

Definitions

The design of this study is sometimes referred to
as quasi-experimental being more in the nature of a survey
than an experiment.

The following definitions are included in ordef to
clarify the methods used to control the major variables
which were expected to influence the test scores.

Surveys. "A survey is the collection of data about
characteristics of existimg things, with no special control
over any of the factors influencing the variable of
interest" (Neter & Wasserman, 1966, p. 10).

Experiments. "An experiment is used by statisticians
to refer to the collection of data when control is exercised
over one or more factors, to determine the influence of
these on the variable of interest" (Neter & Wasserman,
1966, pp. 10-11).

Cross-classification. "Classification entails the
setting up of groupings or classes by classification
methods for the alternative outcomes of a variable"

(Neter & Wasserman, 1966, pP. 39). 1In éurveys, since there
is no way to exercise controls over factors which might bias
the data, the technique of cross-classification can control

variables and bring out in the analysis their possible
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~effects upon the dependent variable (Neter & Wasserman,
1966} «

The classification categories used were: (1) sex;
(2) programmes; and, (3) mathematics group.

Programmes. This refers to the school programme -
whether it was a regular ten-month year (Programme R) or
a semester system. If the school took Chemistry 11 in a
.sémestered school the first and second semesters were
separated into Programmes F and S respectively.

Mathematics Group. Students were later subdivided
into three groups according to whether they had taken
Math 11 with Chemistry 11 (Group 1) before (Group 2)

or after (Group 3).
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A Mathematical Model for the Analysis of Variance
And the Assumptions lNecessary for

Interpretation of the Results

In undertaking an analysis of variance on data with
unequal cell frequencies, more than one method is open to
the researcher. Different methods test different hypotheses,
bqt all the methods are based on the General Linear model,
and use a least-squares solution (Overall & Klett, 1972).

The model may be expressed as follows in a two-way

classification: p
.. = + ., + o . %
Yljk H %5 B] aBlj # E1jk
Where u is the overall mean
oy is & constant for the itY sex
Bj is a constant for the jth programme
aBi. is the effect of interaction of the sex
] with the programmes
€ijk is the residual error associated with the
th

k individual whosa score is Yijk in the
.th .th
i sex, j programne.
To obtain a solution, a number of restrictions must be
imposed on the equation. The interpretation of the solution

will depend upon the set of restrictions which are

chosen.
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Assumptions

For an analysis of variance to be valid, a number of
assumptions must be met regarding the form of the data and
the methods of sampling (Glass & Stanley, 1970, p. 358,
421, 424; Overall & Klett, 1972, p. 431). These assumptions
are those of a normal distribution of the functions and are
as follows:

(1) The scores were sampled at random from

(2) populations showing a normal distribution of the
" scores.

(3) The variances of the populations were equal,

i.e., 01.2 =2 67.2 = 05.2 and 0.:%2 = 0.,%2 = 0.52

(4) The sarnples were independent.

(5) The linear model is appropriate for these data.

The aﬁsumptions are discussed below as they relate to the
data for this study.

Assumption 1 can be said to have been met by the method
of systematic stratified sampling pre&iously described.

Assumption &. The population used was the same pop-
ulation as was studied by Dr. Conway. Figures 3 and 4
illustrate the frequency distribution of the population
and samples respectively of one programme. Both population
and sample may be considered large enough to satisfy

this reguirement (Tables I and II).
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Assumption 3. The presence of significant differences
in variances of the three forms was one reason for
treating these three forms separately and not pooling them
as equivalent. 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 across programmes with the
sexes pooled could be rated as homogeneous for Forms A and
B, but was barely acceptable for Form C (Table VI).

 Assumption 4 is strictly met by the nature of the

design, i.e., by the use of exclusive categories.

Assumption &. The assumption of a linear model is the
only logical one, since only categorical variables are
involved. However, the model is less than ideal and

shows high residuals.
Level of Significance

The power of the F test was calculated in order to
decide the appropriate level of significance to adopt.

The following formula was used (Glass & Stanley, 1970) =
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K o om 2

R AL W)
Power = @ = . -1
b= Jo

2

where U= (Uy = H2 = U3 = Uy) /3

Uj = mean for each semester

J = 4 (number of semesters)
o? = population variance (estimated from the
grand mean ) = 22.6018
nj = 300 (sample size).

The results are presented below in Table X.

TABLE X1

Power Table

Power o = .05 o = .01

9 1-8 B 1-8 B
Form 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 o = probability of making a Type I error, and B =
probability of making a Type II error, it was concluded
that the selection of a = .05 gave the most reasonably

balanced choice (Pearson & Hartley, 1951; Glass & Stanley,

p. 357).
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The Computer Programmes Used

The Analysis of Variance was carried out with the
aid of the Computer Programme entitled ANOVA 22;Afrom
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 frequencies will be
dependent upon the choice.of restrictions (Speed & Hocking,
1976), and these need to be stated in the literature of
prebared programmes. Therefore, the results from ANOVA 22
do not necessarily agree with results from other programmes
which may be using different assumptions and different
méthods of computation.

TESTAN. This programme was used for grading the tests
and computing test statistics with an item analysis.

(Faculty of Education Programme Library, University of

Victoria) .



APPENDIX C

History, Evaluative Comments, and Conceptual Analysis
of CHEM: Study
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The History of the CHEM Study Programme

As the result of the work of a ten-man revision
committee, the Department of Education selected a new
chemistry course for the B.C. schools in 1966. They selected
as the basic 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-year course,

B.C. made it a two-year sequence, calling the two parts
Chemistry 11 and Chemistry 12, and making some further
slight modifications in €mphasis.

The original writers of the 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 &
Ridgway, 1969).%* The following history of the course and
comments on aims, objectives 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 Foundation with
grants totalling $2,800,000 up to 1968 to Berkeley and to

Harvey Mudd College in California (p. 1).

*
All bracketed page numbers refer to this book unless
otherwise indicated.



Sparked perhaps by the shock of Sputnik that sent
thousands of Americans to question the efficiency of their
schools, a steering committee of the American Chemical
Society became convinced that old chemistry courses commonly
being offered in high schools were seriously deficient.

So a planning ccmmittee was set up containing mainly
uﬁiversity professors and some hich school teachers from
urban schools. No private or independent schools were
represented nor university professors of education or
curriculum specialists.

Six writing teams each undertook a different set of
chapters. The sections were then studied, and put together
and extensively revised by the whole éommittee. More
revisions were later undertaken after trials in 25 selected
high schools over the first three vears. The Educational
Testing Service prepared and distributed multiple choice,
open book achievement tests. 2 "Teachers' Guide" was
developed and films made and distributed. By 1963, 550
schools had tried it, and final revisions were made in the
fall of that vyear.

The book has since been translated into 13 languages,
including an unauthorized Russian version. The latter's
preface states that the book is distinguished for its

teachability, rigour and orderly presentation (p. 54).
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The goals cof the course. The steering conmittee's
chief criticism of the existing courses in the 1950's
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 of scientific investigations." These
remarks may be considered equally valid for British
Columbia's old chemistry course (Chemistry 91).

The goals of the new, however, were broaa and suggestive
perhaps of running after too many hares. CHEM Study's own
four goals are summarized as follows:

l. To diminish the separation between scientists
and teachers in understanding of science.

2. To encourace teachers to undertake further
study in chemistry - to keep pace . . .
and thereby improve their teaching methods.

3. To stimulate students to a profession in
chemistry.

4. To instil in non-continuing students an
understanding of the importance of
science in current and future human
activities (pp. 1-2).

More specifically, the textbooks 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 observation, and a questioning

attitude in students who will not be content with blind

acceptance of dogmatic assertions.
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The theme of the "Teachers' Guide" is support. Its
audience is defined as "a lone teacher isolated from other
chemistry teachers with somewhat less than ideal training
in poorly eguipped school" (McClellan, 1963, p. v0. The
guide then instructs the teacher to deal with the first
six chapters in a general way without taking up any of the
ideas in detail. They specifically state that "a complete
understanding or mastery is not aimed at" (p. 1),
suggestive of the acquaintanceship philosophy.

British Columbia's goals. The British Columbia
Department of Education created its own goals. The
Chemistry 11 Curriculum 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 as a language - a language with the elements as an
alphabet, formulas for words, and equations for sentences.
Its philosophy is to place less emphasis on training
chemists and yet to recognize that chemistry is a frequent
prerequisite for other studies and careers. It is hoped
to introduce the average student to the language of science
and the scientific approach.to problems as part of their

general education.
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Assessments of the Course

In their follow-up study entitled The CHEM Study Story,
Merrill and Ridgway (1969) reported on their siatistical
surveys carried out 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 those qualifying
and a regular course for the rest. Many variables 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 tc many people.

Scores on SCAT (School and College Ability Tests) and
CHEM Study achievement tests in 1962 showed no significant
correlation, and CHEM Study students tended to do poorly
also in CEEB examinations (College Entrance Examination
Board). It was estimated that the potentially best 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 compared students' GPA's in
their freshman college chemistry courses. They found no
difference in the performance of former CHEM Study students
who had enrolled in the regular college course; but in
the selected groups, it was claimed that CHEM Study had
been a "distinct advantage". This was a disappointment
since better preparation for college for all 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 agencies were approached without success.

Independent Opinions

Early enthusiastic comments gradually gave way to the
cautious criticism of experience. In 1965, P.G. Ashmore
compared thé CHEM Study project with the CBA (Chemical
Bond Approach) project which had been developed in the
United States at about the same time. He felt that the
strehgth of CHEM Study lay in the close relationship of
experiment, principle and theory, and its repeated emphasis
on careful accurate observation. However, he commented that
the textbook was rather lean and much use must be made

of the Teachers' Guide, a large volume of 785 pages.
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In 1967, Miller tried the course with students enrolled
in a second year course after one year of traditional
teaching. He had found that even bright students 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 the text contained very

good background material.

An earlier independent assessment of the courise came
from England. Michael Shayer (1970) of Kings School
Worcester tried the course on his first year sixth form
in 1964. He compared their results on "A" level questions
after one year with pupils of two‘previous years. Although
he found a 12 per cent to 15 per cent upgrading of the
results, his comments on the course are most interesting.

Far from being pleased with these results
the pupils increasingly showed signs of
irritation and contempt. They did not feel
they were ever really being tested and this
applied equally to those of lower ability

After a year of this programme, I found

that nearly all ability to use knowledge in
unfamiliar situations, had been conditioned
out of my pupils. In the context of science
this should not happen . . . . Learning is
many things of which producing the correct
verbal response is a very small part.
v & It is also seeing the connection
between things . . . (there is a terrible
feeling of being in blinkers 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 of the chapters and the style of
the questions seem based on B.F. Skinner's
theory of learning which . . . says that a
student has learned something when to the
appropriate stimulus, he can produce the
correct verbal response. It is all very
reminiscent of the old primary school mathe-
matics (Shayer, 1970, p. 55).

Shayer also criticized the attempt to cover toco much
ground. "Perhaps Chapter 18 shows the 'acquaintanceship'
method at its worst. All areas of organic chemistry in
ten days in ten lessons simply produced bewilderment"

(p. 56). (British Columbia allows 15 hours at the end
of the grade 11 course.)

Shayer maintained that the intentions of CHEM Study
were not achieved.

So hich is the proportion of theory which the

students have to take from above, that this

section* contradicts, in its organization, the

avowed intentions of the course to 'give a

correct and non-authoritarian view of the

origin of chemical principles . . . and

.opportunity for discovery' (Shayer, 1970, p. 56).
A gloomy note was sounded by Johnstone (1974). In an

evaluation 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 Chemistry 12 in
British Columbia, except Chapter 18.
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which sparked the CHEM Study and the CBA projects. "These
efforts", he wrote, "by their successes and even by their
ultimate failure did stimulate new thinking in chemical
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.
Concept Mastery and Difficult Topics

Shayer's experience with CHEM Study was perhaps one
reason for 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 rance. He used Piaget's description
of the stages of mental development as a framework in which
to assess the Nuffield "O" level chemistry course. He
asked whether Piaget'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. 1In this age span the two applicable
stages are those known as the "concrete" and the "formal"
operational stages. Shayer suggested that those topics
which require only deduction from observations made in

experiments bhelong properly to the stage of concrete
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operations. But topics requiring the formulation of a
theory - for example, of chemical combination in which weight
is preserved while all other properties of the elements
disappear - is, he suggested, symbolic and not concrete.

Ingle and Shayer (1971) pursued this theme in more
detail, analyzing individual topics from the course in terms
of the minimum conceptual levels required to sustain interest
and to expect good comprehension. Their conclusions
should be of considerable assistance to chemistry teachers
everywhere in helping them to select suitable course mater-
ial for their own classes. The fact that Piaget placed
the concepts of probability, correlation and proportion
in the formal operational stage gives us a clue as to the
difficulties with atomic theories and problems involving
the multiple proportion laws, and all calculations
involving equations.

Johnstone (1971), who was mentioned earlier for his
views on the two experimental programmes in the United
States, has approached the question of difficult topics
from a different standpoint entirely. He studied the
new Scottish chemistry syllabus (introduced in 1962 as a
voluntary alternative) through the eyes of the pupils
themselves. By the simple procedure of asking them to rate

each topic on a list as either "easy to grasp", "difficult
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to grasp", or "never grasped", he sought toc answer some of
the same questions as Shayer. He also was concerned with
the problem of maturity, but his studies in this area

were less effective. He compared the students' ratings
with their actual performance on objective tests and found
good agreement between them.

Differences between the Scottish and the Nuffield
courses prevent a perfect match in their findings. Johnstone
places ion-electron exchange equations and redox reactions
high on his difficult list. Shayer and Ingle.classify the
periodic table and energetics and classification of the
elements as high level concepts. Both schemes place
molarities, calculations from equations and proportionality
problems in this category, which leads us to ask the
question as to whether the difficulty is one of psychological
immaturity or inadeguate mathematical grounding - a
topic which has been touched on in Chapter V, in
discussion of the differences in student achievement between
the first and second semesters.

Other writers on teaching methods (Frankel, 1959;
Smeltz, 1956; Williams & Koflsche, 1967) seem to be largely
concerned with improving techniques. They often anticipated
the developments just discussed by their intuitive knowledge

of these factors, born of experience and understanding of

young minds.
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