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PREFACE

This investigaticn had its origins in the Staffing and Resources Study that was
undertaken during the years 1979-1982 by the Australian Council for Educational
Reszareh at the request of the Australian Education Counecil. Initially some members of
the Steering Committee for the study and some members of the staff of the ACER were
hopeful that a similar study to the one presented in this report might be undertaken as
part of the Staffing and Resources Study. However, a variety of factors prevented such
an investigation being carried out during the life of the Staffing and Resources Study.
Nevertheless, with a substantial body of data available which had®been collected a
decade or more before, it was resolved that when an opportunity arose, the data should
be analysed to determine whether certain issues associated with 'The Class Size
Question' might be explored in an Australian setting, Consequently this report is
presented as a contribution not only to the development of a greater understanding of
matters relevant to the debate on class size, but also to the research methodology
concerned with how investigations of such complex issues might proceed, as well as
advancing results that have clear implications for policy and practice, even if they are
not explicitly stated in this report.

The data examined in this study were collected 15 years ago in a school setting
that has changed in significant ways during the intervening years. Therefore, the
findings should not be read and interpreted as applying to the schools that exist at the
present timé within that school system. Nevertheless, it is believed that the propositions
advanced in Chapter 10 ave likely to have a gener’ality that extends beyond the specific
time and the specific location where the data were collected. Indeed, the continued
presence of pesitive relationships between class size and educational achievement which
are being reported from studies conducted in naturai classroom settings&in Australla and
in other parts of the world suggest that the phenomena being studied in this report still
exist in our schools in spite of the findings to the contrary which have been_ reported
from exgerimental studies into the concomitants of class size.

In conciusion, we would like to thank the many principals, teachers and students,
both known and unknown, :ln the secondary schools of Canberra who assisted in so many
ways with this project during 1969, We hope that they will be interested in the findings
reported and the issues of both & substantive and a methodological kind which we have
addressed.

The pmbléms ol undertaking and interpreting the results of non-experimental
research studies are many, and we hope that those who assisted with this investigation
will find in the report a contribution towards a better understanding of how the
environment of the classroom influences educational outcomes.

. 1 John P, Keeves
0 September 1984
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CHAPTER 1

Ll

THE CLASS SIZE QUESTION

Research has been used to examine many contentious eduecational issues. Unlike much

research in other areas, both supporters anc opponents of a particular educational policy

or practice have frequently been able to 1cok towards research and find support for their

beliefs. The disparity between the findings of results.on even quite simple educational

issues has made preecise conclusions and the consequent implementation of theory into

practice a very tentative proposition. Educators are often trapped between several sets’
of contradlctory research findings or, alternately, are faced with a set-of inconeclusive

results which 'they had hoped could be used as the basis of a policy decision.

One such Issue is that of class size which Is currently perceived to be important by
large sections of the community. Teachers commonly see it as the key indicator of the
quality of their work environment which influences job‘ satls{factlon and their perceptions
of job effectiveness. To parents it is a very obvious measure of their child's slassroom
environment. Parents may also e interested in the availability of books or aids and the
physical state of the classroom, which are other overt indicators of classroom quality,
but class size is%; statistic readily available from each child and an immediate and easily
perceived gauge of the classroom quality. N

Furthermore, for educational policy makers and politicians, the class size question
reaches into the heart of budgeting and the funding of schools, It is accepted that
approximately 80 to 85 per cent of the recurrent resources provided for education in
schools are spent on teachers' salaries and since the number of teachers required to staff
the schools varies inversely with the average class size, then any change in averag: class
size will have immense consequences for the required level of educational funding. For
example, to reduce 'he average class size of a school or school system from 25 to 2,
approximately four per ce\t more teachers would need to# employed. Based upon 1982
figures for teachers' salaries, this would cost the Victorlan Education Department an
additional $44 million each year. The class size jssue does not.only affect teachers,
students and pavents, but also clearly influences the prlorities that-a government sets.
As such, it has an effect on all who use the services provlded by governments, since
increased support for education is likely to be at the expense of some other arcas of
governmental responsibility. , .

Despite the concern and interest in the class size question, it remains a
controversial are‘ of research, since the findings from studies in many parts of the we d
have been extremely diverse. Studies in natural school settings (for example, Husén,
1967; Peaker, 1967; Comber and Keeves, 1973) have sometimes fourd large classes to

be associated with superior student outcomes, while other e'cperlmental studies have
. Q\)’\a Ls w

11




, found smaller classes to be more effective (see Glass and Smith, 1978) or have produced
inconclusive results. '
It is hard. to believe that, if other tTiings were made equal, the addition of several |

more students to a classroom group would raise the average level of achievement of the
class. Nevertheless, surveys: undertaken in a wide range of settings have commonly
reported moderate positive correlations between class size and achievement. However,
there could be favourable circumstances associated with large classes which might
. explain rwults which differ from conventional beliefs. .
“ These contradlctory findings are generally unpaiatable to teachers who are
conviaced that small classes are superior teaching environments for both teachers “and
students. On one side of the debate, tsacher organizations in recent years have been
strongly advocatmg the reduction of class sizes. The strengttr pf their commitment to
this issue has been demonstrated by their loss of income through strike action. On the
other side, educational administraters, although perhaps not wishing to inecrease class
sizes, are trying to maintain present class size le ¢els in order to contain spending on
education, and to use any resources available for what they perceive to be areas of
greater need.

It has been perplexing that these different groups could maintain such strong
opinions, either based upon intuition or frugality, when the educational research, viewer
as a whole on this question, was so inconclusive, The need to clarify' the issues
associated with class size was recognized by Glass and Smith (1978), who employed the
technique of meta-analysis to tease out a definite conclusion from the maze of
contradictory findings that had been reported from previous experimental research.
Their most quoted finding is a graph relating class size to achievement (measured in
percentile ranks). The graph, shown in Figure 1.1, displays the inverse relationship that
teachers have been describing for years without consistent support from research. A

similar graph was produced when attitudinal outcomes were related to class size, but
with a steeper gradient (Smith and Glass, 1979). Their results were widely accepted, .
although not universally, perhaps because it was the conclusion most intuitively
expected. Although Glass and Smith"s quantitative summarization of the research could
be seen as a definttive statement upon the class size question, the actual interpretations .
of their graphs have been many and various. _ . S e |
Despite the clear inverse relationship becween class size and achievement, the
extent of achievement gains associated with reductions in class size for typical
classroom situations was quite small. We again refer to the Vietqrian Education
Department example given éarlier. Using the Glass and Smith graph, decreasing class
size from 25 to 24 would preduce an achievement gain of less than one percentile rank.
Furtiiermore, if class sizes were decreased from 25 to 20, the resultant achievement
gaim would be approximately tw?ercentile ranks while the increase in teacher salary *
EKC 2 :
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Achievement
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Figure 1.1 Graph Relating Class Size to AchieVement Measured in
Percentile Ranks From: Glass and Smith (1978)

costs would be nearly $22_0 _million, 'again .uslr;g 1982 figures. The obvious question posed

, by these ﬂgure's is the velative importance that society places on ar expenditure of $220

million or an estimated achievement gé!n of two‘percentne ranks in student achievement.

The pmblém of obtaining good value from the available “resourcr.s is just as

relevant in educatlo? as in commerce or industry. This difficulty was recognized by
Karmel (1981) when he wrote: . .

In schools, cl size has become a sacred cow, and pressures, for reductions in
pupil/teacher ratios iave continued in spite of great improvements over the past
decade, It may well be that a more effective use of resources would require a
trade-off between classroom teachers and special teachers to assist-disadvantaged
groups or ancillary staff cf various kinds, or even a trade-off between primary and
secondary teachers. The latest wisdom Is that, although very stiall class size is an
elfective pedagogic device, small changes in the:class sizes which commonly obtain
do not produce significant effects (Glass and Smith, 1978). If this'ls correct, there
may be a strong case for allowing the size of most classes to rise a litle 3o that
special groups of children may be taught in very small classes. (Karmel, 1981:27)
. M * . “ . .

© e
Al

e




v

This interpretation of the Glass and Smith findings would probably pe opposed by teacher
union\s\ﬂﬁ))::ould see in the research evidence a further endorsement of their desire for a
.reduction in the size of all classes.

One obvious problem with converting the Glass and Smith results into actual
classroom policy is the global nature of their findings. Their graphs represent an
amalgam of class size research so that conclusions specific to a particular instructional
situation are no longer possible. Furthermore, their findings are purely‘ descriptive and
not analytical in the sense that while they noted that smaller classes had superior
achievement levels, théy could not provide an explanation as to why smaller classes had
produced the higher achievement levels.

As their findings did not isolate which factors associated with smalier classes were .
responsible for the achievement gains, it is important to direct research towards
answering this question. The problem is not juét to establish that smaller classes are
better, but to ask what things make smaller classes better. Thus, it is necessary to

. determine which student activities and which teaching practices are evident in smaller
classes but absent in larger classes. Perhaps prematurely, we may advance some Qf the
questions that could help to identify these differences. Are students more attentive in
smaller classes? Are more experienced teachers allocated to smaller classes? Do
students interact with their teachers more in smaller classes? As well &as identlfymg
which behdviours differ with class size, it is alsv essential to determine which of these
behaviours might be responsible for differences in achievement levels. The examination

of classroom practices should enable us to identify the areas where smaller classes are
more effective.

‘g -To do this, we have sought to identify, those classroom practices, teaching
behaviours and teacher characteristics which are significantly different for small classes
when compared to larger classes and then attempt to establiskt which of these factors are
associated with syperior achievement levels. Regression apalysls is ‘the most appropriate
technique to examine such relationships and to control for socio-economic level and prior
achizvement, which have often been neglected as factors influencing the allocation of
students to classes In previous non-experiﬁrental studies (see _Linn and Werts, 1969).
After such an analysis, we hope that we can give a more informéd answer to the question
'Why are smaller classes bet ter?” '
' The study of the class size question using regression analysis also raises technical
issues concerned with the choice of an appropriate unit of analysis (Burstein, 1980). The
class Is the obvious unit of analysis: since class size Is a classroom measurement.
However, class size can also be, viewed as a variable which each student in the class .
experiences in the sense fhglt'it influences the student’s environment. Hence, it is also
poéslble to view the student as an effective unit of analysis.* Although many researchers
assume that one particular unit of analysis i3 appropriate and then legitimate their

o 14
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choice, there is some justificaticn for using both units and hence some analyses should be
conducted at each level. Classroom practices readily lend themselves to the use of the

class and not the student as the unit of analysis. For example, a variable measuring the
number of questions asked by students during class-time could not be viewed as a student
var)ﬁ)le as each student in the class would ask a different number of questions.
Consequently, one measurement would not be e~ually appropriate to all students in the
classroom in the analysis of data at the between student level, but would be appropriate
as a characteristic of the classroomn environment in an analysis at the between classes
level.

It is also possible to conduct the analysis at the student within-class level. This
might seem irrelevant since the class size measures would have no variation at this level
of analysis. However, it is still possible at this level of analysis to examine relationships
between the student variables which were found to be associaied with claés size. It is
therefore desirable to consider the effect of within-class variation in one variable upon
the within-class variation in achievement or attitudes. Hence, comparisons can be made
between the findings at all three levels of analysis, either between classes, between
students, or between students within-classes. Any differences in the findings of the
separate regression a:lquses can be ‘informative in the sense that they can provide a
further insight into the mamner jn which a particular practice contributes to
achievement. In fact, Burstein (in press) has suggested that knowledge of the unit of
analysis is essential in the interpretation of a result.

In summary, we have two main aims in this study. The primary aim is to illuminate
the relationshi[_) between class size and achievement. We seek to explain why Glass and
Smith found that small classes were better by an examination of data relating to
classroom practices. The secondary aim is to tease out meaningful relationships at three
different levels of analysis. The findings should provide a greater understanding of an
important issue for educational policy and practice &s well as enabling comment to be
made about the appropriateness of the different strategies and levels of analsysis in
investigations in this complex field of research.




CHAPTER 2 °

A REVIEW OF CLASS SIZE RESEARCH

The research into the effects of class size upon educational cutcomes has been
confounded by uncertainty and inconsistency. Class size can be defined and quantifie.d in
many different ways. Definitions of class size differ in terms of how closely they
actually reflect a student’s or a teacher's classroom experience. Some definitions refer
to staffing ratics such as the student-teacher ratio instead of actual measures of the

number of students in a classroom. Furthermore, several instructors might he present at

one time in a conventional classroom, thus reducing the effective instructional group

size for the student. Nevertheless, group size is probably a sound measure of what the

student experiences in a classroom since it relates to the amount of the teacher that a

student shares. This ratio of students to instruetors in a classroom is now the most

widely accepted measur® of class size, although earlier research used alternative
definitions.

Some Issues in Class Size Research

Most class size studies have concerned themselves with the relationship between the
number of students in the classroom and their achievement levels in different subjects.

In a search for previous investigations in preparation for their meta-analysis study, Glass
and Smith (1978) found over 300 documents which pertained to the issue of class size.
Although many of these documents were unusable due to a lack of adequate data, there

still remained a great body of information concerned wlth class size. Two recent
comprehensive reviews of class size related issues are indicative of the texture of ciass
size research throughout this century, Lafleur, Sumner and Witton (1974) in Australia
and Ryan and Greenfield (1975) in Canada have provided a good coverage of the
literature, including the extensive international surveys conducted by the International
Association for the Evaluation of Edueational Achievement in science (Comber and
_ Keeves, 1973) and reading (Thorndike, 1973).
Glass and Smith (1978) noted that the research on class size and its effeets upon
N achievement has gone through four stages., These were the pre—experimeptal era
(1900-1926), the primitive experimental era (1920-19'40), the large-group technology o
based era (1950-1970) and the individualization era (1970~ ). Class size was not a
research issue during the 1940s. However, boundaries of these eras are not rigidly fixed,
since studies of one type have occurred in eras largely devoted to another type. While
the emphasis in each era probably reflects the educational emphasis of the times, the
technology based era produced some massive empirical studies which were used to form

<
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national educational p.licies (Coleman, 1966; Peaker, 1967). Some of these studies
surveyed tens of thousands of students, expecting that large studies using recently
available computing power could unravel the mysteries of the classroom and the school.
More recent research has shown a concern for establishing the benefits of

individualization, and experiments have been conducted with radically smaller elass sizes
in an attempt to extract more conclusive results.

inother important difference between studies is concerned with the assignment of
students and teachors”to.groups. The methods cf assignment can be classified as
'random’, 'matched 'repeat‘ed measures' or 'uncontrolled. These classifications are
important in deseriping the degree of experimental control exercised in a study. The

meaning of 'randon)’ is clear. 'Matched' means there has been an attempt to equate

asses by assigning students to ciasses using pretest achievement
levels. 'Repeated mejsures' refers to using the same students or teachers in both small
and large class situations. 'Uncontrolled' is obvious, but nevertheless important because
in many natural classroom situations class size is strongly related to factors which
influence achievement and other outcomes™

smaller and larger

A further problem in class size research is that many important factors which are
themselves related to class size are frequently overlooked. The omission of these
factors from consideration provides reasons as to why some findings should be
questioned. Many critics of class size research have noted the use of well-controlled
measures of class size and achievement but also have noted the absence of any controls
upon instructional variables. It is possible for teachers to adjust their teaching practices
to the size of the class group such that the research is confounded by an interaction
between teaching methods and class size. This suggests that there is an immense range
of additional compounding factors which are probably impossible to examine ::ompletely
or to control. Nevertheless, the majority of studies that have been carried out have
controlled only for student ability, using either achievement or intelligence test scores.

Having recognized some of the issues and difficulties associated with definitions,
the differing emphases of certain studies, and certain omissions which occur throughout
the studies, it is appropriate to turn to the actual findings of the research. To provide a
more orderly overview of the major findings we shall present summaries based upon
subject taught and age or grade level. .

Class Size and Achievement

Two subjects, reading or English and mathematics have been the most popular subjects
for the investigation of relationships between class size and achievement. It is also
within these two subject areas that virtually all research at the primary school 1evel has
been condugted. Science has also been a popular subject for research, but usually at the

d[f' 7 17
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secondary level. To some extent, it is in these subjects that controlling for prior

achievement is most necessary, since they are subjects where knowledge is cumulative
and what students learn during one year is influenced by their earlier learning.

The findings of the studies of the effects of class size upon student achievement in
reading or English can be summarized as follows.

1 With only a few exceptions, the evidence in favour of small classes has been
restricted to reading in primary grades. These findings are typified by Balow
(1969) who obtained slight achievement gains from smaller classes at Years 1
through 3. Flinker {1972) found no significant difference at Year 7 for reading.
These findings would seem to suggest that an emphasis towards smaller classes was
more important at the lower primary school level. The exceptions inciuded studies
by Little et al. (1971) and Davie et al. (1972} who found that children in larger
. classes made better than average progress in reading at infant levels.

2 When the evidence favoured smaller classes at higher year levels, the findings
often applied 10 below-ability students. Woodson (1968) cbserved that class size
made n» difference to average or high ability students but that low ability students
had superior results in smaller classes. '

3 Longit udinal studies would appear to indicate that smaller classes had a cumulative
positive effect upon achievement. The findings of Furno and Collins (1967)
supported this conclusion. They investigated both regular and special classes over
a five-year period in a study that controlled rigorously for many other variables.

4 At the secondary level, the results have either favoured larger classes or shown no
significant differences. Ryan and Greenfield (1975) reported several studies where
larger classes produced superior reading levels, while the work of Thorndike (1973)
has suggested that reducing class size would have a limited impact upon student

- -

performance.

Overall, these findings suggest .that the advantages of small classes are restricted to.
those students who are the most vulnerable. Smaller classes appear to aid the very
young or those students of low ability. Again, it should be noted that nearly all the
studies referted to have failed to control for differences in the teaching methods used by
teachers,

Similarly, in studies of the effects of class size upon achievement in mathematics
larger classes have been found to be as effective as smaller classes. These general
conclusions are supported by several large “surveys including those of Coleman (1966) and
Husén (1967). Coleman found that the student-teacixer ratlo was not related to
achievement for any group under any conditions. Husén, in an enormous cross-national
study, was more tentative about the findings of the investigation and suggested a more
detaled examination of 'yvha't occurs In classrooms. Other stix,d!es have, however,

- L 18
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obtained opposing results favouring smaller classes, so that the findings still remain
uncertain and the issues unresolved.

The work of Mocody, Bausell and Jenkins (1972) with respect to specific
mathematical objectives found that class size strongly influenced achievement. Classes
of size 1 produceq superior performance levels to classes of sizes 2 and 5, which in turn
produced significantly superior performance levels to classes of size 23. It should be
noted that the studies quoted are anly a sample of those available and that the effects of
class size are well documented but the conclusions are equivocal. Again, it should be
remembered that the comparisons were made without re ference to teaching methoﬁs.

As inentioned previously, studies dealing with other subject areas, notably science,
were ususlly conducted at the secondary school level. The overall pattern of the results
suggested tha! ~lass size was not a major factor influencing achievement at this level of
schooling. The major studies concerning science achievement included those of Comber
and Keeves (1973) who found that students only performed better in smaller classes in
two of the 19 countries studied at the 10-year-old levei. Rosier (1973) found that larger
classes obtained better science results in Austvalian schools, but he also noted that
larger classes had a higher proportion of students with an academic background. In
another Australian study, Keeves (1972) fcund that the larger the class, the greater the
gain in achievement during a year. It was suggested that this could be explained by the
observation that. .« . in lasger classes a different standard of control wag exercised,
with a higher level of industry and more effective teaching.! (Keeves, 1972:210).
However, detailed analyses to support these claims were not carried out. Only a small
number of studies has endorsed the establishment of small classes for science at the
secondary school level. '

The findings relating class size to achievement have not been very conclusive,’
Although there is a lack of evidence supporting large classes, much of the evidence
draws the conclusion of o difference".g The only areas of education where smaller
classes have received general support from a large portion of the research were at the -
lower primary level and for remedial education where students require the individual
attention only available from a teacher in a small class, We could be tempted to
conclude that smaller classes have a beneflcial effect upon wchievement for younger
students but that this effect diminishes greatly by the secondary school level. This
statement is supported by the results for reading ar;d English where the most significant
differences were up to Year 3 and for science classes, usually at only the secondary
level, where significant differences between small and large classes were uncommon. As
such, a review of previous research does little to clarify the global relationship between
class size and achievement except in a few spéclﬂc situations.




Class Size and Student Attitudes

In addition to achievement outcomes, variations in class size could also influence a range
of affective outcomes ineluding attitudes to school and specific subjects, self esteem,
teacher satisfaction and academic motivation. Also, variations in class size could affect
the opportunities that teachers have had for doing different things in the classroom.
Many teachers might not avail themselves of these opportunities. Nevertheless,
differing class sizes would seem to influence the workload, the morale and the
perceptions of tcachers. Furthermore, both a teacher's and a student's satisfaction with
schooi and a favourable affective climate in the classroom must be considered to be
desirable outcomes in themselves.

The body of research into the influence of class size upon affective outcomes for
students has been more decisive than have been the findings for achievement. The
majority of studies in this area have pointed towards the superiority of small classes as a
means of enhancing affective outcomes. This result is supported by the foll,‘owing typical
studies. Walberg (1969) reported that class size influenced the learniag climate as
viewed by students and that class size was positively related to student perceptions of
formality and diversity but negatively related to perceptions of intimacy and
democracy. Welch (1971) could not predict an optimum class size but he was able to
show that small classes displayed eclements of cohesiveness, satisfaction, goal
directedness and democracy. Keeves (1972), in the same study as cited earlier, found a
negative relationship between class size and attitudes to science. Lindbloom (1870)
reported that individualization, group activities, interpersonal regard and creativity all
decreased as class size increased, especially at the primary level, but also for students
over 15 years of age. However, Haskell (1964) reported that attitudes towards
mathematics were not significantly related to class size. These results would seem to

indicate a commonly observed, aithough not universal, inverse relationship between class
size and affective outcomes. This general trend suggests that a reduction in class size
would be beneficial to both affective outcomes and the teaching process itself.

¢ Class Size, Teacher Attitudes and Teaching Practices

Another area of class size research is that of teachers' attitudes and job satisfaction.

Although this does not directly relate to student outcomes, it must be regarded as a

critical aspect of the class size research. Studies in this area include the jnvestigation
undertaken by the National Education Association (1969) in the United States which 1
found that teachers ranked c;lass slze as their second largest source of problems. A }
survey by the Queensland Teachers Union (1972) also found that class size did affect
workload, and consequently, teachers' job satisfaction.
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As well as dealing with achievement and affective outcomes, and the attitudes of
teachers, class size research has also examined the more relevant issue of classcoom
practiceé, The usual means of measuring classroom practices is for an observer to sit 1n
the classroom and record the events that occur on an observation schedule. The findings
have differed greatly between studies partly because different observation schedules
have been used. Ryan and Greenfield (1975) have summarized the findings from such
studies, many of which were conducted at Teachers College, Columbia University.

In particular, Vinecent (1967) developed a measure called Tndicators of Quality
dealing with teaching-learning procedures. Four main categories were noted -
individualization, interpersonal regard, creative expression or divergency of thinking, and
group activities. The scale was intended to measure atteinpts to accommodate
individual differences in student growth, generate behaviour associated with warmth and
respect among students and teachers, encouraée the expression of intelligence in
different ways, and facilitate group interaction to aid learning and improve social skills,
In the following year, Vincent {1968) applied this scale to assess the quality of instruction
in over 4000 classrooms at both the primary and secondary levels. At the secondary
level, the quality of instruction deteriorated when classes rose above 16 students, while
at the primary level, three distinct levels of instruction were observed. Classes below 16
students scored well on the measure, classes up tc 25 students did not rate as well, and
classes over 25 students received the poorest quality of instruction ratings,

Olson (1970; 1971) applied a similar measure in a larger study and confirmed that
smaller classes scored better on the indicator of juality' scale, but he also noted that
the subject being taught and the style of activity were more important factors in
determining the quality of instruction. McCluskey (1978) warned that the data did not
indicate that class size by itself governed quality. The type of educational activity
appeared to be the determining factor. Some aetivities, such as discusslon‘, consistently
received higher quality scores than others, such as lecturing, irrespective of class size.
Alternatively, Shapson et al. (1978) found that class size led to very few changes in the
functioning of the classroom. No significant change in the level of student participation
wés noted. As class size increased, the amount of individualized interaction between
students and teachers decreased because the teacher's time was distributed more
sparsely amongst the students in the class.

Another significant observation was concerned with the number of teachers who
failed to exploit the alleged opportunities available in smaller classes. The high rate of
mass-oriented instruction and the uniformity of instruction for all students in small
classes was cited as evidence. It seems that reducing class size does not lead to
dramatic changes in teaching behaviour and that the teacher's own style. is a more
important determinant of classrcom activities than class size. It has also been-suggesfed
that teachers have developed skills and techniques applicable to c}asses of 20 students or
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more and have not been taught how to optimise the opportunities provided by a small

class sltuation. Despite these criticisms, the general tenor of the research relates

smaller elasses to increased individualization.

Summary of Research Findings

In summary, class size research is very inconclusive. Those studies which have
eancentrated upon academic achievement as a criterion were generally divided in their

corclusions except for several select areas, notably very young and r¢medial students J

whare smaller classes were found to be beneficial. Other studies involving educational
process variables have generally supported class size reductions. Several important
eduzational outcomes including attitudes, values and psychological growth measures
were generally found to imprové in smaller classes. In addition, teachers appeared to he
virtually unanimous in the belief that they were more effective in smaller classes.

The Work of Glass and Smith

It was towards this large body of research, which they described as 'overly selective and
insufficiently quantitative' that Glass and Smith (1978) directed themselves. Thelr
specific aim was to draw a general conclusion which would incorporate ait the findings
that }_’orwell (1978) labelled as contradictory and Inconclusive in a review of the

_available studies, 3

inltially, Glass and his colleagues directed themselves towards the academic

acixievement Issue, They isolated approximately 80 studies which considered the class ]

size-achlevement relationship, Then they used these studies to form comparisons
between classes of different sizes such that one study could provide many comparisons if
it contained groups of several slzes. Seven hundred comparison3 were available for
examination. A standardized difference between the achlevement levels of the two
classes in the comparison was formed. Using regression analysis techniques, the 700
comparisons were combined Into a single curve relating class size and achievement. The
curve implied that in terms of achievement, there were 33 percentile ranks between the
level of achievement of an individually taught student and that of a student taught ine
class of 40. . ' .

When forming thelr comparisons they noted the grade level, the subject taught, the
ability of students andthe level of experimental control exercised in allocating teachers
or students in the origlrial study. Neither the grade level, the subject taught nor the
ability of the students affected the basic relationshlp, although 'smaller classes were
found to be slightly more beneficial at the secondary level. The only factor to alter the

curve signmcantly was the level of experimental control in placlng students or teachers
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in small or large classes. About 100 of the comparisons came from well-controlled
studies. The curve obtained using poorly-controlled studies where no control over
students or teachers was evident provided an inverse relationship again, but the
relationship was much weaker than for the controlled studies. Glass and Smith concluded
that more was learnt in smaller classes, regardless of the circumstances,

In the following year, Smith and Glass (1979) applied the same techniques to
non-achievement outcomes including classroom processes, assessment of learning
environments, student attitudes and behaviour as well as teacher satisfaction. About 70
studies provided over 300 comparisons. Since the integration of a wide range of
affective outcomes on a single scale might have seemed unusual, they also performed
separate analyses with affective outcomes for students, affective outcomes for teachers
and instructional environment effects. Using all the instructional and attitude
measurements, they again constructed a single inverse curve between class size and
non-achievement cutcomes. The effect of reducing class size was more pronounced for
non-achievement outcomes than for achievement outcomes. The difference in

\ non-achievement outcomes between a student in a class of 1 and one in a class of 40 was
46 percentile ranks. In all three specific categories, the same inverse relationship was
exhibited although smaller classes wer;e most influential upon teacher effects and least
influential upon instructional effccts. The improvement in non-achievement outcomes
arising from decreasing class size was most evident at the primary level, contrary to the
achievement outcome result, Also, in contrast to achieveinent outcomes, uncontrolled
studies were more supportive of smaller classes than were well-controlled studies.

From these two studies, Glass and Smith concluded that class size influenced the‘
classtoom environment, and student and teacher attitudes. Perhaps independently, or
perhaps because of these relationships, smaller classes were also associated with
impraved achievement. Although the scope of the research and the —simpllclty and
general acceptability of the findings_have given these studies considerable appeal,
several conclusions would appear to contradict some previous findings. ln the earlier
research, one instance where smaller classes apparently led to achievement gains was for
younger children, yet Glass and Smith found that smaller classes had a larger impact
' upon achievement at the secondary level. Why was the inverse relationship noted for

younger students, yet missed for older students when, accox:ding to Glass and Smith's
findings, it should have been more obvious? Like some earlier research, they established
a relationship between certain classroom practices and class size but did not suggest the
consequences for achievement outcomes that would flow from the varying incidence of
|

¥

certain practices.

The implications of Glass and Smith's work are widespread in terms of the direction
that educational policies might move., Consequently, the work has attracted criticlsm.

The most extensive critique of their work was conducted by the Educational Research
Q
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Service (1980), an ‘independent, non-profit’ American group, strongly supported by funds

from school administrators. Their criticisms included the following points.

1 The shape of the graphs was influenced by a significant proportion of comparisons
involving atypical class sizes below five stuslents.

2 The 100 well-controlled comparisons came from only 14 studies such that the data
base was not as extensive as suggested. Furthermore, only six of their 14 studies
dealt with typical school situatiors.

3 The methods used hid the distinctions made in specific class size studies since
statistically diverse data were combined.

Despite thesé criticisms, the simple msanrner «n which Glass and Smith presented their
findings meant that their results were more accessible and appealing than an enormous
collection of inconclusive research findings that had previously served as a summary of
class size research. Furthermore, their findings have ziven substance and quantity to the
beliefs of most teachers. This is sometbing thst the previous research was unable to do.

Glass et al. (1982) answered their crities in szveral areas. They repeated their
analyses with classes of one student omitted. This was done since it was claimed that
very small classes biased the curve. The shape of the curve remained unchanged. They
defended the smell data base by emghasizing that the poorly econtrolled studies also
supported smaller classes although not as strongly as the weall-controlled studies. Also,
they denied that their methods hid distinctions betwren different {indings but claimed
that b& systematically classifying the findings, the lsterature had been clarified, not
fragmented.

The problem is now to propcse inz .Jirection i whizh class size research should
head as a result of Glass and Smith's w.ork, We ¢o not want to peturn to another eycle 61
inconclusive studies. In one sensw, Glass and Smith may be seen to have put the issue to
rest provided thelr results are 2ocrect. Tbviocusly, well-controlied studies are ndeded to
replicate their findings. In addition, the question must now Lurn from ‘Are small classes
better?* to "Why are smaller classes.better?’ To snswer th.s question, research workers
must ceturn to the classroom.

Class size could inflvience what poas on in the classroom, what teachers do, how
they handle students, how attentive students are, what activities students participate In
and how students behave. These differerces in classroom gractices, in turn, could
influence outcome measures like student ach}mmment and attitudes, We have seen that
reductions in class size provide opportunities for lndivld}lelization, hut to what extent
and In what ways do feachers exploit these changes? Furthermore, which of ihese
changes are worthwhile in terms of achievement and attitude galns? Are all the faeets
of individualization that are ‘possible In smaller classes beneficial or are only certain
techniques adva&tageous in smalter classes? Thesc questions all relate to the icea that
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certain behaviours can occur in smaller classes which can lead to outcome gains. It
appe s that class size research must return to the classroom again, examine classroom
practices to understand further the mechanisms operating in smaller classes in the hope
of identifying the causal thread that runs between smaller classes and gains in
educational outcomes.

%




CHAPTER 3

DESCRIPTION OF DATA

The effects of class size upon classro’om practices and achievement and attitudinal
outcomes have been examined in this report using the data collected. in the study
Educational Environment and Student Achievement (Keeves, 1972). ¥Keeves' study
provided suitable data since the general aim was to investigate the relationships between
various measures of the student's home, classroom and peer group and the student's
performance at school. To this end, measures of the student's achievement and attitudes
were recorded as well as measures of the classroom envlrofnment, including class size and

a wide range of teaching behaviours and classroom practices. Keeves' study has provided
a set of data which were relevant to our proposed inquiry into class size and classroom
process relationships.

The details of the study and the scales and procedures used in the measurement of
all variables have been recorded elsewhere (Keeves, 1972; 1974a; 1974b). Thus, it Is
only necessary to give a brief description of the investigation. The study was conducted
during 1969 in the Australian Capital Territory (ACT) and concentrated uy,on students
who were entering Year 7 for the commencement of their secondary schooling. Year 7
was chosen as the year level for investigation as the beginning of the secondary school
rcpresented & marked change in subject content and the students' learning experiences.
The study observed students in 72 classrooms and for the investigation ¢f relationships
with achievement and attitudinal outcomes, complete data were available on a total of
1986 students. 1t should be noted that a smaller simple random sample of 231 students
was used in a more intensive investigation into home background. The 72 classes and
* 1986 students were drawn from a total population of 76 classrooms and 2348 students in
15 schools. The subpopulation on which complete data wete obtained thus represented
almost all Year 7 students in the ACT during 1869, but because of the unique nature of
the ACT pépulation, should not be considered to be fully typical of the entire Australian
Year 7 population. The classrooms used in the investigation covered a range of class
sizes from 15 to 45 and the distribution of class sizes is prescnted in Table 3.1 and
displayed graphically on Figure 3.1, This represented a wider variation in class size than
would be available in actual classrooms at the present time.

In 1969, all the students took an Initial science test at the beginning of the
secondary school year. "At the end of the same year, the students were again tested in
mathematies and science, but they were also asked to complete & general information
booklet in order to obtain i_ntormat?én on the student's home background, and an attitude
questionnaire concerned with attitudes to both science and mathematics, liking of school
and scheol learning, academie motivation and self-regard. To gain information on the
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Table 3.1  The DiStribution of Class Sizes: Canberra Year 7, 1969

.
LN

Grouped ) Gomments and ‘
Data Cell counts N summary statistics
15-19 15 16 17 18 19 , Lower oe%(tneme: 15
[ l l l - 2 5 +
20-24 20 21 22 23 24
T - - 1 - - 2
25-29 .25 26 27 28 29 Lower hinge: 29,6
-1 3. 1 3 8 . 7
. 30-34 30 31 32 33 34 . Meam: 32.7
7 S 3 2 10 27 Median: 33.4 v
35-39 35, .36 37 38. 39 Mode: 34 .
. 5. 6 3 6 2 22
40-44 40 41 42 43 44 : Upper hinge: 37.0
S 1 ~ - 1 H
4549 T 45 Upper extreme: 45
1 1

Total number ' : 72 Standard deviationt 6.3

-
-

classroom environment, observations in science and .mathematics  classrooms and
interviews with teachers were carried out during the second and third terms of the year,

A preliminary program of classroom observation was conducted during the previous year.
to provide practice in the use of the classfoom observation schedule so that more

reliable and valid data could be collected. Furthermore, Keeves (1972) reported that the
tests for science and mathematics as well as the attitude questionnaire wére field tested
and found to have satisfactory levels of reliability. A complete' list of the variables
employed in the investigation and™ a dmcriptioq of the scales and methods of
measurement for each v}ariable are pravided in Appendix I. Reliability estimates,
wherever appropriate, are reported in Appendix IT.

- The measures of the classroom learning environment were divided into the

structural ‘and process dimensions. The structural dimenslog inciuded measures of

teacher's age, sex, training and experience. For the school, the structural dimension ’

included measures of class size and time sllocated to instruction. For the students, the
structural dimension measured factors like the socio-cultural backgrounH:} the home,
the level of ethnlcitj and the time spent on homework. Asx such,, the structural
dimension recorded the characteristics of the teacher, the school and the stuqent. These
measures ar¢ relevant to our study since they can be used to address questlons like
*Which ‘teachers are allocated to small classes?' or 'Do socio-culturally disadvantaged
students receive instruction in small classes? .




Frequency

307 N=72)

25 9
’ 20
X 15
1
. 0 o
Ve
; 5
0 vl L St e Class Size :
. 15 20 25 30 35 - 40 45 50
Figure 3.1 Histogram of Class Size Distribution: Canberra Year 7, 1969
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For the process dimension, Keeves used previous research and, in particular, the -
review by Rosenshine (1971), to help identify seven different areas into which classroom
practices could be grouped. The areas were as listed below.

1  Achkevement press. This area involved the emphasis that the teacher placed upon
study and achievement, and typical variables included measures of the regularity of
o testing and the checking of the students' work.
;\ 2 Independent study and inquiry. This area was concerned with independent work ' é

being done by students and the amount of choice they had concerning their work. These
measures Were lnte-ndeg to record the leve' of individu;nzation occurring in. the
classroom. The findings 'of previous res;?rch, suggested that individualized instruction
should be more prevalent in sgnaller classes. ) . B

AY ’ * M - UX
"\ . 3  Work habits and grder. These variables recorded the teacher's efforts towards ’
: developing a systematj¢ and businesslike approach by students towards their work such

- that the classroom bgtame an orderly working environment.

4 Warmth and Jmiation. The specific processes which were equated with teacher :
warmth included the incidence of supportive statements to students and the occurrence oo
of sympathetic laughier in the classroom. Previcus research has s{xggested that smalier 4
classes would show greater degrees of teacher warmth since these classes were noted £3
being more {riendly and cohesive. ) ‘ G

5  Stimulation for learning. Items that were typical of a stimulating classroom b
environmentincluded measyres of the Variety of instructional materials and the dlversity T '
of teaching activities, Previous research had suggested that smalier classes provided T “"f
increased opportunities for a wider rarge of activities. C-




6 Use of language. These variables assessed the presence of different forms of
communication between the teacher and the students in the class.

7 Acad'emic guidance. The facets of academic guidance which appeared as process
variables in the classroom included the amount of feedback given to the students
concerning their Work,l the time spent on actual learning, the time devoted to home
study, and the time spent upon formal revision. These variable$ were intended to assess

the types and amount of interaction between teachers and students with respect to their

1

classroom work.

It was considered that the areas into which the classrpom processes were divided
covered adequately the range and types of behaviours and activities that occurred in the
classrooms. This study has sought to detect if differences in class size led to varying

incidence of these practlces. %
Hence, Keeves' data provided informdtiont on both mathematics and science

teachers, and mathematics and science classrooms. Furthermore, it provided an
exte;s? description of the activities ocecurring in the classrooms. The observation
schediles for both types of classes were very similar with minor variations which allowed
for differences in the activities which took place in these subjects. The observation
schedules were field tested before the observational work commencéd. In addition,
following analyses of the data at the conclusion” of the classroc;m observation phase,
items of low reliability or a high degree of skewness were deleted. ‘The rémaining
process variables that have been used were considered to have satisfactory reliability.
The above summary of the process variables is intended oﬁly to provide examples of the
.variables relevant to each area and to indicate the general flavour of teacher and
student behaviours that were recorded. ]
The data available from Keeves' study provided an opportunity to investigate the
many facets of the clasy’size question in relation to educational outcomes. The presence
of a Felationship between teacher characteristics and class size would indicate the types
of teachers who were allocated to smaller classes. The characteristics of the students in
the classes would indicate the types of students who were allocated to smaller or larger
classes. Recognizing that remedial classes were usually small, it-could be anticipated

that less able students would be assigned more frequently to smaller classes. The,

variation in certain classroom process variables as lass size changed would assist .in
providing answers to such questions as the level of i;xdividualization in smaller classes,
the amount of teaqh\eb-student interaction in classes, the level of support provided by
teachers, the use of educational materials, and the type and frequency of assessment
procedures. All these measures would help to identify the differences in student and
“teacher behaviour between large and small classes. By undertaking analyses to examine
these practices and these effects the reasons for the alleged superiority of smaller
x classes should be better understood and exp]ained. )




CHAPTER 4

CLASS SIZE RELATED MEASURES

The first step in the study of class size whicb involved measures of the classroom
environment and edﬁcational outcomes was to identify those variables, either from the
structural or process dimension which varied as ¢lass size changed. Since the maJority of
the variables were relevant at the classrooin level, 'the class _was considered as the
. _appropnate unit of analysis. This was because the majority of measures referred to
behaviours by teachers or activities occurring in the classrcom, both of which were
relevant té the class as a whole. Otfier measures referred to characteristics of the
teacher or the classroom (e.g. materials available) which were again relevant to the
entire class, not just to a particular student. The choice of the class as the unit of
analysis is conslstent with several major studies noted by Burstein (1980) although there
is still consxderable debate concerning the best unit of analysis for a given situation.
Some of these issues will be discussed later when comparisons are made between the
results obtained from the use of different levels of analysis.

To identify the variables which were stronéh;jelated to class size, either
classroom measures (if appropriate) or class averages for those variables collected at the
student level have been used. The latter variables refer either to measures of the home
background or to the achievement and attitude measures collected from students through
tests and questionnaires and the results have been 'aggregated to form class averages.
" Because of the large number of measures, a sifting proceduiré was developed. to
determine which variables were related to class size, The product moment correlation
coefficient between each variable and class size was calculated and all variables with a
statistically significant corvelation at the 10 pér cent level were noted. Although. the
data provided population measures, and although statistical significance is only relevant
Where a sample has been drawn, the level of statistical significance associated with 72
classrooms was considered sultable to screen the list of variables and to identify those

related to class size. The correlation coefficients for all variables examined in this

investigation in this way have been recorded in Appendix II. In this éhapter, apa}t from
the correfation coefficients for the aggregated variables reportéd in Table 4.1 all
«correlation coefficients referred to in the discussion have been recorded in parentheses
in the text.

A further che¢k was conducted to establish whether the relationship between the
variable and class size was either linear or curvilinear. This was done by dividing the 72
classes into six group.;s. ranging from very small to very large classes and then undertaking
an analysis of variance for each variable with respect to class size. This was considered
necegsary because any variable found to be related to class size would be used In
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Table 4.1 Correlation Coefficients between Aggregated Variables and Class
' Size Remaining after Screening

i

Number of classvooms = 72 ) Mathematics Science

Positively related to class size:2

Father's occupation 0.35 0.35
Student's intended occupation 0.57 0.57
Number of hours of homework per week 0.40 0.39
Student's expected level of education g 0.60 0.60
Academic motivation - 0.25 0.25
Attitude to school 0.30 0.29
Science prior achievement - .0.57
Science achievement -~ 0.61
Mathematics achievement - 0.59 -
Participation in maths/science activities (NS) 0.17 0.18
Attitude to science (NS) - 0.17
Attitude to mathematics (NS) . . 0.17 -
Regatively related to class size: . -
Ethnicity of home -0.22 -0.20
Participation in pop culture activities -0.31 ~0.31
a

All correlations are significant at the 10 per cent level for 72
classrooms except where indicated by (NS).

subsequent analyses using regression procedures, and the existence of curvilinear
relationships could confound the analyses. ’

Table 4.1 records the variables that were found 'to be related to class size using
both correlation and analysis of variance procedures. It should be noted that
mathematics variables were related to mathematics class size and similarly for science
variables, while the remaining variables were related to the_class sizes for both
subjects. All these variables are class averages since the data were clol'lected’ from the
students and were aggregated to the classrcom level before the correlations were
calculated. The last three variables in the list (indicated by (NS)) were reluted

.positlvely, but nol significantly to class size, Nevertheless, they were included in

subsequent analyses because of thelr, balieved importance for achle‘vement as ;uggested

_ by the research previously reported by Keéves (1972).

While recognizing that the screening analysis was using correlation technlqtfes only
to refine the variable list, the initial impressions given by this table were perplexing.
The results suggested that larger classes were associated with superior achievement and
stronger affective cutcomes. This was contrary to much of the previous research, These'

'results might be explained by the relatiotiships reported for both sclence prior

achievement and father's occupatlon, which were both posltlvely correlated witk class‘
size. This suggested that more able students were being piacgd In lal-ger classes. It wis
considered that only from a regression analysis where elther prior achlevement or

socio-economic status could be allowed for would a more aceurate qasmment of ‘the
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effects of class size be passible, Thé" observation t)\at attitudes to the subjects of
mathematics and §cience were not significantly retated to class size, while many other
attitudes were, was perhaps an éarly indication that an inerease in class size might
change attitudes from being favourable to less favourable,

The correlations between the structural variables and class size for sciente and
mathematics classes are recorded in Tables A.4 and A.5 respectively in Appendix II. For
teacher characteristics, only one variable was related significantly to class size. In

. mathematics, there was a positive relationship between class size and the teacher's
membership of a Mathematical Association (0.24). This result would appear to be trivial
unless it was indicative of the fact that more competent teachers were agsigned to
larger classes. A lack of relationships between.teacher characteristics and class size is
disappointing but not unexpected as teacher characteristics have a long history (Gage,
1963; Rosenshine, 1971) of being poor predictors in classroom research. No science
teacher variable was related to class size, »

For the school or classroom variables, the only vanables from the structural
dimension which were related positively to class size were the time on homework
(Science: 0.44;- Mathematics: 0.43) and total time studying science and mathematics
(Science: 0.37; Mathematics: 0.36). Negatively related to class size in mathematics
classes were the proportion of students from foreign language homes (-0.23), the number
of regular {eachers (-0.34) and the number of teachers for the year (-0.31). Clearly

‘larger classes were given more homework, but tmé could have been because they
contained more able students, as noted earlier, or this might have been due to other

. factors including cless size. The finding that students from foreign language homeswere
more evident in smaller classes is consistent with the. degree of ethnicity result found
earlier, but it may be another consequence of less able students being assigned to smaller
classes. The result that more teachers shared smaller classes on a regular basis is harder
to explain. Perhaps teachers shared the responsibility of remedial classes which were
usually smaller than normal classes. Again, these results could be better explained .using
regression analysis since the effects of prior achievement could be controlled
st‘tistically. ) , .
To consider the process variables more readily, the variables related to class size
will be treated under the seven categories originally employed by’ Keeves (1972). Since
the teaching practices occurring in mathematics and science classes varied considerably,
S0 too would the processes which were related to class size In each subject. Therefore,
separate reference is made to mathematics and science classes wherever necessary.
'The 'correlations between the process variatles and class size for mathematies classes
are recorded in Tables A.7 and A.9 and for science classes in Tab]es A.6 and A.8 in
Appendix 11, o ’ i
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1 Achievement press. For both mathematics and science, positive relationships

were found between class size and various forms of assessment, in particular, emphasis
upon the satisfactory completlon of homework (Science: 0.22; Mathematics: 0.31) and
the frequency of reports being sent to parents (Sclence. 0.26; Mathematics: 0.26). In
mathematics, the range of assessment procedures used was also related positively (0.24)
to class size. For both subjects there were no achievemgnt press variables negatively
related to class sizg. It would appear that larger classes had specific forms of
assessment in each subjeet, either extended answer questions (0.26) in mathematics or
short answer (0.29) and multiple choice questions (0.25) in science. Moreover, in larger
classes, homework was more strictly monitored and official reporting more frequent. It
would be interesting to know if these behaviours were a consequence of class size or the
students' prior ability levels.

2 Independent study and inquiry. Only one variable in this area was related to class
size. For mathematics, the frequency of invitations to students to participate in an
mvestlgation or inquiry (0.21) increased with class size. The absence of any negative
correlates was surprising since previous research had indicated that smaller classes
provided increased opportunities for individualized instruction, Furthermore, the
original study (Keeves, 1972) inelu /ed measures to detect individualized teaching styles.
These measured the diversity of‘teaching methods as well as the frequency with which
students were encouraged to act with autonomy. Clearly there was very little avidence
to suggest that the teachers were exploiting any differences in class size in spite of the
fact that there was a considerable range of class:sizes reported in the study. In addition,
those instances of independent study and inquiry that were found to vary with class size
were more prevalent in larger classes and not smaller classes as might have been
expected.

1
3 Work habits and order. For seience classes, as class size increased there was

greater usage-of a pupil note book (0.32) and fhe teacher used less rebuke (-0.38) of any
type to maintain order. The use of a pupil note bock could well be a teaching strategy to
maintain order in large classes. For mathematics classes, five work habit measures were
related to class size. In larger classes, teachers, emphasized the correct recording of
homework (0.31), used one textbook extensively (0.56), and asked students to consider
their work habits (0.20) more carefully. The time spent writing (~0.35) and the amount of
wasted time (-0.36) were less in larger classes. The greater number of slgnitlcant‘
correlates for mathematics, when compared to science, suggested that science teachers
emphasized work habits independently of class size while mathematics teachers g&larg’er
classes concentrated upon homework, good work habits and not wasting time. It Is
difficult at this stage to detect if these findings were a consequence of class size or
student ability, but it was consistent&vith Keeves' (1972) observation that teachers of
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larger classes sought a higher level of industry, and appeared to teach more effectively.

It would seem that larger mathematics classes were more orderly and work oriented.

4 Warmth and affiliation. These variables assessed the warmth and level of

affiliation in the classroom environment and the degree of encouragement shown by the
teacher. For n)athematics, teachers in larger classes gave more praise (0.37) and less
rebuke (~0.28) and were more supportive (0.29) of their students. Thic was contrary t
the research which suggested that smaller classes would be more friendly and mor:\
supportive. However, these results might be related to prior achievement. Interestingly,
all forms of laughter were more prevalent in larger classes (Science: 0.19;
Mathematics: 0.32). This seems to suggest another explanation as to why larger classes )
were related positively to many variables examined in this study. The presence of more
students in larger classes might simply have led to more interaction occurring because a
larger number of students could ask more questions, generate more laughter or prompt
more supportive statements. This seems to imply that more behaviours were observed as
a direct product of more students being present. Alternatively, it was possible that
mathematics classes might need to exceed a certain critical size to develop a coherence
and an atmosphere of lively interaction.

For science, teachers seemed to reduce both other rewards (~0.21) and rebuke
(~0.39) and make less positive support statements (~0.17) as class size increased. It
appears that less interaction associated with warmth and affiliation occurred as class
size increased. The nature of the relationships Detween warmth and class size differed
greatly between mathematics and science classes. This difference is best exemplifled by
the number of positive support statements which Increased with class sl‘ze in
mathematies (0.29) but decreased with class size in science (-0.17).., '

5 Stimulation for learning. This domain sought to assess the diversity of activities
in which the students and teachers participated. It was hoped that it would record the
increased opportunities for using different teaching materials and teaching styles that
the research had suggested were available once class size was reduced. For science,
larger classes used a second textbook more frequently (0.31). For mathematics, larger
classes saw more television (0.42) and had a greater number of activity changes (0.18\
Such a small number of variables which were correlated significantly with class size
wotlld seem to suggest that teachers were not varying their instructional met,hods greatly

as clags sizes changed.

6 Use of language. In this area of teaching practices an attempt was made to {
identify the different types of oral interaction occurring in classrooms. Only one 1
_ varlable was found to be significantly related to class size. In mathematics classes,
more time was spent upon question and answer Sessions as class size increased (0.49).
One plausible explanation has already been considered. This result might be a direct
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consequence of class size or simply a product of more students needing more time to ask
more questions. Alternatively, it might be that in classes greater than a certain critical

size it was possible to conduct more successful question and answer sessions because of
"the range of views present.

7 Academic guidance. This area referred to the activities that teachers employed
to guide their students in how to use their time and how to tackle their work. For
mathematics, the amount of homework set (0.41) and discussed in class (0.42) the number
of questions asked by both students (0.26) and teachers (0.35) and the number of
invitations to students to participate in academic work (0.19) were sll related positively
to class size. The frequency of revision homework (-0.21) and the number of
teacher-student contacts (-0.45) decreased as class size increased. The variabies
mentioned here reiterate some earlier findings.‘ Homework was again taken more
seriously in lerger classes. There was more questioning in larger classes but the
questioning was distinct from teacher-student contacts which decreased with increased
class size. This would seem to indicate that larger classes were more structured with
direct questioning between teachers and students while smaller classes were less formal.
For science, a distinct set of variables were found to be of interest. Large classes spent
more time on revision (0.26), but like mathematics classes, there was less contact
between teachers and students (-0.41). The academic guidance category included many
measures of homework and specific teaching behaviours. It was interesting to find that
many of these pra'c tices were not related to class size.

As well as noting those practices which varied with fclass size, it was also
interesting to observe that many of the varlables which the previous research had
predicted would vary with class size did not appear to do so. This latter list included the
amount of laboratory or small group work In science. In\addition, the amount of
feedback given to students and the amount of mass oriented instruction did not vary with
class size. Many of these teaching practices were believed to vary with class size yet
such variation was not detected in this investigation. Although the effests of prior
achievement were uncertain, prior achievement certainly influenced the allocation of
students to classes. Consequently, it could be claimed that teachers adjusted their
teaching styles on the basis of the achievement level of the class, n:at the class size,
This could be true for some variables, but many of the variables, particularly those
relating to increased individualization, should have been more frequent in both less able
and less numerous classes if the previous research findings were sustained. Since this
was not found to be true, the effects of prior achievement would not appear to explain
adequately the results for the exclusion of class size as an important factor. )

Although the number of variables which were related to class size was smaller than
expected, a significant set of variables was provided for further examination by the
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screening process reported in this chapter. The effects of these variables and class size

upon achievement outcomes could only be examined using regression analysis. The use of
this strategy of analysis was necessary to control for the strong relationship between
prior achievement and cﬁ‘ss size which has been reported above. Only in this way could
an investigation of the effects of the differing mechanisms oceurring within large and
small classes be undertaken effectively.

-
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CHAPTER §

CLASS SIZE AND CLASSROOM PROCESSES

The Simple Causal Model

In Chapter 4, the home background, structural and process dimension variables which
viere related to class size were identified, and it was possible to consider which of these
variables might give rise to changes in either achievement or affective qutcomes.
Furthermore, it was argued that to examine the relationship between class size and
educational outcomes, it was necessary that the influence of prior achlevement should be
controlled.

In this chapter, we shall consider the class as the unit of analysis. The variables
under examination may be classified as either teacher or classroom characteristics.
Classroom characteristics is a general label which includes the structural, process and
attitudinal measures associated with a particular classroom. This broad area ineludes
the use of educational materials, the practices and behaviours of teachers and students
and the attitudes that students have towards themselves and their work.

Teacher characteristics exist before a class is formed whereas classroom
characteristics are a product of the combination of a particular teacher and a particular
class. This distinetion is lmportant in the construction of a causal model to gt;!de the
analyses that must be carried out since the paths should indicate the directions of the
causal and temporal relationships between the variables.

An examination of teacher characterlstics and their effects upon achievement has
been shown to be largely unprofitable in prevlous research. Incorpomting class size asan
additional variable in this situation would be unlikely to change the nature of thess
findings since very few teacher variables have been found in this investigation to be -
significantly related to class size. Those that were found were either not lnearly
related to class size or not worthy of further consideration due to their hrg&ly trivial
nature (e.g. membership of the Mathematical Association). The classroom
characteristics were, however, of*reater interest, and a number of these varisbles were
related to class size, A causa) model relating class aize, classroom characterlstics and
achievement outcomes was developed from a consideration of previous rescarch
dhcussed in earlier chapters. It s presented in the path disgram in Figure §.1.

The prior effects 1abel was used in preference to prior achievement since a pretest |
measure was only available in science. For mathematics, the rost suitable prior effects
measure was an index of social background. Its predictive power would clearly not be as
strong as prior achievement but its use was necessary in the ubaenee of other measures,

For the sake of providing comparisons between science and|mathematics classes, the
U ; -
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Prior Achievement
and .
Qccupational Status lass Size

Classroom Achievement
Characteristic and

Affective Qutcomes

Figure 5.1 Causal Model Relating Class Size, Classroom Characteristics
and Educational Outcomes

causal model has also been developed with father's occupational status as a prior effect
in science. Four relevan. educational outcomes were avallable for consideration:
achievement in mathematics and achievement in sclence, attitudes towards imathematies
and attitudes towards sclence. All these measures were class averages, derived from
achievernent tests or attitude questionnaires which were answered by the studentx under
survey. Between prior effects and the outcomes were the medlating eftfects of class size
and those classroom variables which were related to class size.

To facilitate an egsler presentation and discussion of the causal model, the findings
for each _corfibination of subject, prior effect and outcome are glven separately.
Achlevement outcomes will be presented first. To assess the importance of any
relatlonship associated with the causal model, a path coefficient of at least 0.10 was
chosen to indicate a substantlal relationship between two measures. Any path
coeffioient below this value was considered trivial as It would explain less than
approximately one per cent of the variance of the dspendent variable. The
establishment of such a criterlon was necessary since a population and not a sample was

. undgr survey.’

The results for the six separate regression modely for varying classroom
characteristics are given in Tables 5.1 to 5.6. The path coefficlents presented in the
tables were obtalnedusing the SPSS Regression program (Nie et al., 1870).

)
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Science Achievement Controlled fgr Prior Achievement

The path coefficients obtained {rom the analysis of science achievement controlled for
prior achievement are recorded in Table 5.1 for all classroom variables related to class
size. These path coefficients are given in parentheses where appropriate in the discusston
that follows. The path coefficient Py is not recorded in Table 5.1 since it is a simple
correlation coefficient between prior achievement and class size. For science classes,
this correlation coefficient was 0.56 for prior achievement and 0.36 for father's
occupational status. For mathematics classes, the correlation coefficient between
father's occupational status and class size was 0.37.

Prior achievement had an effect upon many classroom characteristics to the extent
that the influence of class size on these characteristics was reduced when prior
achievement was controlled. Those affective measures that were still related fo class
size included the student's occupational aspirations (0.18) and educational aspirations
(0.13) and academic motivation (0.13). It is of considerable interest that these
aspirations were greater in larger classes even after controlling for prior achievement.
In addition, attitudes to science (-0.14) decreased as class size increased after adjusting
for prior achievement. ‘any of the process variables remained related to class size.
The most interesting results involving teaching practices were that larger classes
continued to spend more timne reviewing work (0.42) but received less rebuke (-0.22).

Prior achievement had a predictably strong effect on science achievement with a
path coefficient commonly over G.90. The size of the path coefficient arose from the
use of class averages. Class size had a positive effect upon achievement for a majority
of the classroom variables although the strength of the relationship was marginal. Only
a small number of classroom characteristics influenced achievement. Again, the
student's occupational aspirations {0.13) and educational aspirations (0.22) were related
to achievement. Only one classroom oractice was important. The amount of positive
support given to students (0.10) had a significant path coefficient with achievement. The
absence of any other process variables would seem to indicate that the activities pursued
by teachers in classes of differing sizes did not have a recbgnizable influence upon
achievement. -

A pbsitive velationship between class size and achievement is contrary to the
findings of Glass and Smith (1978). It could be argued that the model has ignored some
variable which could explain more of the variation in science achievement. However,
the absence of more substantial relationships between the classroom processes and
achievement was possibly due to the strong explanatory and predictive power of.prlor
achievement. It is possible that this measure has accounted for so much of the variation
in achievement that the other variables have been overshadowed. For this reason, it Is
doubtful if the addition of other variables would change these rc\mults greatly. The
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Table 5.1 Science Achievement Controlled for Prior Achievenment
Ciassrocm characteristic Science achievement
regressed on regxessed on
. Prior Class Prior Class Classroom
N= 72 achievement size achievement size charac teristic
Classroom characteristic P31 P32 P41 P42 P43
Ethnicity of home -0.07 -0.1 0.90 0.09 -0.06
Occupational aspirations 0.69 0.18 0.81 0.07 0.13
Kumber of hours homework per week 0.56 0.08 0.91 0.10 -0.02
Educational aspirations 0.82 0.13 0.73 0.07 0.22
Pop culture activities -0.53 -0.02 0.89 0.09 -0.03
Haths/science activities 0.40 -0.05 -~ 0.88 0.10 0.07
Academic wotivation 0.22 0.13 0.89 0.09 0.06
Like school 0.43 0.05 0.88 0.09 0.06
‘Like science 0.54 -0.14 0.86 0.1 0.08
Use of short answer tests 0.21 0.17 0.92 0.11 ~-0.06
Use of wultiple choice tests -0.2 0.37 0.92 0.08 0.05
Assesmants involving student choice 0.33 -0,09 0.92 0.09 -0.04
Homework reprimand given 0.09 0.19 C.90 0.10 0.00
¥requency reports sent home ~0.34 0.46 0.93 « 0.07 0.06
Use of textbock B -0.32 0.48 0.32 0.07 0.05
Use of pupil notebook 0.37 8.1 0.91 0.10 -0.01
Prop'n from foreign language humes ~0.47 0.03 0.87 0.1o0 -0.,07
Time on science homework 0.03 0.42 0.90 0.10 -0.01
Total time on science 0.21 0.25 0.91 0.11 0.04
Time on all howework 0.56 0.06 0.91 © 0.10 -0.02
Teacher reviews work -0.30 0.42 0.91 0.09 0.01
Tescher contacts students ~0.40 -0.18 0.89 0.09 . -0.04
Other reward -0.26 -0.0 0.90 0.09 -0.02
Deliberate rebuke ~0.19 ~0.20 0.91 0.10 0.02
Casuszl rebuke ~-0.36 -0.12 0.91 0.10 0.01 «
Other punishment - =0,15 -0,22 0.90 0.10 0.00
Total rebuke . =0.31 -0.22 0.91 0.10 \ 4,02
Positive support -~0.20 -0.05 0.93. 0.10 ¢ 0.10
&'  Path coefficients greater than 0.10 have been underlined. - KA
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effects of class size upon a student's aspirations for his or her career and education and
their subsequent effects upon achievement suggest that, even after the effects of prior
achlevement have been a“owed for, larger classes must be reinforcing these aspirations.

Science Achievément Controiled for Occupational Status

The findings using o&_:/upational status as a prior effect are similar to those reported
above, and the results for science achievement controlled for occupational status are
presented in Table 5.2, Among the mest important effects of class size was the raising
of the occupational aspirations (0.34) and educational aspirations {0.34) of students
although most of the other classroom characteristics maintained substantial relationships
with class size in the present of the variable controlling for home background. Fathers'
occupational status had a strong influence (approximately 0.65) upon sclence’
achievement, but the path coefficient was not as great as with prior achievement. Class
size continued to have a strong effect upon achievement {approximately 0.36). The path
coefficient was much greater than when prior achievement was the controlling variable
and its increase is viewed as & consequence of occupational status explainipg less of the
variation in achievement outcomes. This result adds strength to the earlier observation
that the positive path coefficient between class size and achievement might be explained
away if other suitable predictors could be incorporated into the model.

The attitude measures were important in predicting achievement outcomes.
Students' occupational aspirations (0.34) and educational expectations (0.70), attitudes to

science (0.19) W(O.IS) and their level of participation in mathematics and

_ science activities40.14) a‘&'rtd positive path coefficients with science achievement. The

studenis' level of participation in pop culture activities had’a negative path coefflcient
(-0.18). In fact, the students' expected educationat level (0.70) was & better predictor of
science achievement than was occupational status and when it was included in the model,
the path coefficients from both occupational status (0.15) and class size {0.13) to science
achievement decreased markedly.

The few process varlables‘ which were significantly related to science achievement
were interesting. It appeared that other punishment (0.13) ingreased achievement while
other reward (-0.10) reduced achievement levels. 1t seems that in science classes,
although class size does influence some classroom practices, ghey in turn fall to
influence achievement. A more important determinant of achievement is the extent to
which favourable attitudes to the subject and to learning ean be generated. To some
extent, larger classes seem io increase student aspirations. The positive relationship
between class size and achievement is unexpected from the review of previous rescarch.
Although our findings are internally consistent, there is a suggestion that our model is
incomplete in that the effects attributed to class size might possibly be due to other
unidentified variables or to the operation of a diffetent causal model.
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Table 5.2  Science Achievement Controlled for Occupational Status

Classroom characteristic Science achievement
regressed on regressed on
Occupational Class Occupational (Class Classroom

N =72 status size status size characteristic
Classroom characteristic : p318 P32 P41 P42 P43
Ethnicity of home -0.10 -0.17 0.65 0.36 -0.04
Occupational aspirations 0.64 0.3 0.43 0.25 0.34
Number of hours homework per week 0,56 0.19 0.63 0.36 0.04
Educationdl aspirations 0.71 0.3 0.15 0.13 0.70
Pop culture activities -0.36 ~0.19 0.59 0.33 -0.18
Maths/science activities 0.32 0.06 0.6l 0.36 0.14
Acadenic motivation 0.28 0.15 0,64 0.36 0.04
Like school 0,32 0.17 0.60 0.3 0.15
Like science 0.42 0.02 0.58 < 0.36 0.19
Use of short answer tests 0.15 0.23 0.65 0.37 -0.01
Use of multiple choice tests -0.14 0.30 0.65 0.37 -0.01
Assessments involving student choice 0.19 0.02 0.64 0.37 0.06
Homework reprimand given 0.00 0.24 0.65 0.35 0.06
Fyrequency reports sent hoame 0.01 0.26 0.65 0.41 ~-0.18
Use of textbook B . -0.11 0.3 0.64 0,40 -0.11
Use of pupil notebook 0.16 0.26 .63 0.33 0.14
Prop'n from foreign language homes -0.48 -0.06 0.61 0.36 -0.09
Time on science homework 0.12 0.40 0.56 0.40 -0.07
Total time on science 0.13 0.33 0.65 0.36 0.03
Time on all homework 0,55, 0.17 .63 0.36 0.03
Teacher reviews work -0.14 0.31 0.64 0.40 -0.11
‘Teacher contacts student -0.40 -0.25 0.62 0.35 -0.07
Cther reward -0116 -0.15 0.64 0.35 ~0.10
Casual rebuke ~0.36 -0.19 0.64 0.36 -0.02
Deliberate rébuke -0.27 -0.21 0.67 0.38 0.06
Other punishment -0.34 -0. 0.69 0.39 0.13
Total rebuke -0.39 -0.25 0.67 0.38 0.06
Positive support ~0.05 -0.15 0.65 0.37 0.01

a

Path coefficients greater than 0.10 have been underlined. ’
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Mathematics Achievement Controlled for Occupational Status

4

T he findings from the previous chapter suggested that process variables may be more

important in mathematics classes than in science classes. This was tested with the |
model presented in Figure 5.1 and the results of the analyses for mathematics
achievernent controlied for occupational status are presented in Table 5.3. Substantial
relationships, with path coefficients greater than 0.10, were more numerous than for
science classes with class size influencing all but two of the chosen classroom
characteristics when occupational status was controlled, and furthermore, some of these
different behaviours appeared to influence achievement outcomes.

As with science, occupational status (approximately 0.65) and class size
(gpproximately 0.33) had a strong influence upoh mathematics achievement. Attitude
m easures were agni_n important in predicting achievement outcomes. The students'
educational aspirations {0.67) and occupational aspirations (0.27) and attitude towards
m athematies (0.23) and school (0.12) had positive path coelficients, while participation in
pop culture activities (-0.14) had a negative relationship. As for science classes, the

+ students’ expected education level was a better predictor of achievement than
occupational status. Several other classroom variables were significant. The use of
extended answer tests (0.16) and a broad range of assessments (0.16) increased
achievement, In addition, the time spent on mathematics (0.19), the time spent writing
(0.12), the number of invitations for students to participate (0.19) and inquire (0.11) into
academic work, and consideration of work habits (0.12) all enhanced achievement, while -
the number of regular teachers (-0.15), and number of teachers throughout the year
(-0.10), the time spent on unclassified activities (-0.14) and the number of rebuke
statements (-0.15) to students all had substantial negative path coefficients.

While attitudes were found to be important in mathematics classes, the model also
contained many significant process variables. The Increased fruitfulness of mathematics
classes for an investigation of process variables has made the absence of a pretest
measure " more regrettable. The strong path coefficient between class size and
achievement (sapproximately 0.33) would probably be weakened if a prior achievement
measure were available. Nevertheless, all three achievement situations that have been -
considered have indicated a positive relationship between class size and achievement,
even when prior achievement or occupational status was incorporated into the model.

In general, the results of the analysis of the causal model for achievement
outcomes could be summarized in a few observations. First, the effects of class size

upon process variables were mere pronounced in mathematics classes and many of the
processes produced changes in achievement. For both science and mathematics classes,
certain attitudes led to c¢lear gains in achievement. In particular, larger classes would

appear to generate greatell' aspfratlons for the future and these hopes appeared to be
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Table 5.3

Mathematics Achievement Controlled for Occupational Status

Classroom characteristic

regressed on

Mathematics achievement
regressed on

&
o

Occupational Class Occupational Class Classroom
Nw= 72 status size status size characteristic
Classroom characteristic p312 P32 P41 P42 P43
Ethnicity of home -0.11 ~0.17 0.66 0.34 -0.01
Occupational aapirations 0.6 0.33 0.49 0.26 0.27
Number of hours homework per week 0.55 0.19 0.65 0.34 0.02
Educational aspirations 0.71 0.33 0.18 0.12 6.67
Pop culture activities -0.33 -0.19 0.62 0.32 -0.14
Maths/science activities 0.33 0.05 0.65 0.34 0.05
Acadeuic motivation 0.30 0.14 0.66 0.34 0.03
Like school 0.35 0.16 0.62 0.32 0.12
Like mathematics 0.01 0.14 0.66 0.31 0.23
Use of extended answer tests 0.37 0.13 0,61 0.32 0.16
Ramge of assessment 0.34 0.12 0.61 0.32 0.16
Frequency of reviaion homework -0.04 ~0.19 0.66 .33 -0.05
Frequency homework set 0.14 0.34 0.65 0.31 0.90%
.Hritten record of homework 0.14 0.20 0.65 0.3 0.03
Record homework in notebook 0.29 0.21 0.64 0.3 0.07
Homework discussed 0.08 0.39 0.66 0.3 0.04
tiomework must be completed 0.28 0.23 0.66 0.34 0.01
Homework work habits score 0.20 0.29 0.65 0.32 0.07
Homework completed score 0.23 0.22 0.65 0.33 0.04
Frequency reports sent home 0.01 0.26 0.66 0.39 ~0.20
Use of textbook A 0.29 0.42 0.66 0.34 0.02 -
Use of printed workbook -0.11 ~0.29 0.66 0.3 ~-0.04
Use of TV 0.03 0.41 M_Z 0.37 -0.08
Prop'n from foreign language homes -0.48 ~-0.06 0.63 0.34 -0.07
Time on maths homework 0.2¢ 0.36 0.65 0.33 0.05
Total time on maths 0.19 0.28 0.63 0.29 0.19
Total time on homework 0.55 0.17 0.65 0.34 0.02
Number of teachers in year -0.23 -0.21 0.64 0.32 -0.10
a Path coefficients greater than 0.10 are underlined.
. (continued)
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Table 5.3 Mathematics Achievement Controlled for Occupational Status (continued) |

|

|

|

|

|

Classroom characteristic Mathematics achievement
regressed on regressed on
Occupational Class Occupational (Class Classrooh

N=72 status size status size characteristic
Classroom characteristic pna P32 P4) P42 P43 |
Humbexr, of regular teachers -0.19 *~ -0.27 0.64 0.30 -0.1

Time on question and answer session ~0.06 0.41 0.66 0.39 -0.11

Time students write -0.03 -0.30 0.67 .38 0.12
Unclassified time 0.04 -0.40 0.67 0.29 -0.14
Number of changes in activity -0.25 0.26 0.67 0.34 0.02
Teacher contacts student -0.13 -0.38 0.66 0.33 ~0.04 .
Teacher asks question 0.01 0.32 0.66 0.33 0.03
Student asks question 0.15 0.20 0.66 0.34 0.04
Invitation to participate -0.09 0.22 0.68 0.30 0.19
Tnvitation to inquire 0.12 Q.17 0.65 0.33 0.11
| Consider work habits -0.21 0.28 0.69 0.31 0.12

, Casual praise -0.31 0.4 0.65 0.36 -0.05
; Total praise -0.32 0.42 0.65 0.37 -0.06
Other punishment 0.04 -0.17 0.67 0.31 ~0.18
- Deliberate rebuke 0.01 -0.28 0.67 0.3 -0.15
~ Total rebuke -0.21 ~0,20 0.63 0.31 -0.15

" Positive support -0.16 0.32 0.66 0.36 -0.05
Laughter with 0.03 0.03 0.66 0.36 0.02
- Laughter at 0.20 ¢.23 0.67 0.35 ~0.01

va Path coefficients greater than 0.10 are underlined.
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Table 5.4  Attitudes to Science Controlled for Prior Ach.evement

Science attitudes regressed on

Prior Class Classroom
N= 72 ’ achievement size characteristic -
Classroom characteristic 1k P42 P43
Ethnicity of home 0.55 -0.11 0.16
Occupational aspirations 0.29 -0.20 0.37
Number of hours: homework per week 0.42 -0.15 0.21
Educational aspirations 0.i6 -0.20 0.47
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Like school 0.34 -0.16 0.46
Use of short answer tests 0.54 -0.1 0.09
Use of multiple choice tests - 0.56 -0.17 0.10
Assessments iavolving student choice 0.53 -0.1 0.02
Homework reprimand given 0.53 -0.16 0.11

|
|
|

Frequency reports sent home
Use of textbook B
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Use of pupil notebook 0.53 -0.14 0.02
Prop'n from foreign language homes 0.59 -0.14 0.11
Time on gcience homework 0.54 -0.13 -0.02
Total time on science 0.54 -0.13 0.00
Time on all homework 0.44 ~0.15 0.18
Teacher reviews work 0.52 -0.10 -0.07
Teacher contacts student 0.58 -0.12 0.11

|
|
|

|
|
|

(=]
.
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N
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N
L]

Other reward

|
|
|

2 Path coefficients greater than 0.10 are underiined.

Casual rebuke 0.5 -0.12 0.14 )
Deliberate rebuke 0.54 -0.1 0.00 ‘
Other punishment 0.59 -0.12 0.06 |
Total rebuke 0.56 -0.12 0.07 .
Positive support 0.60 -0.12 0.28 1
|
|
|

reflected in achievement gains. It would seem that by collecting able students in larger

|
classes their ambitions were ralsed above the normal, either by competition, general i
classroom climate or in some unknown way, and this influenced their achievement. |

Attitudes to Science Controlled for Prior Achievement

The path ccefficients obtained from the analysis of the model for-attitudes to science
controlled for prior achievement are presented in Table 5.4. The effects of prior_.. . _ ..
achievement and class size upon the classroom characteristics were the same as for
achievement outcomes, so it is only neceszary to discuss the effects of prior
achievement, class size apd classroom characteristics upon attitudes to science. Prior
achievement had a substantial positive influence wupon attitudes to science
(approximately 0.55), while class slze had a substantial negative path coefficient
(approximately -0.15) with attitudes to science for all classroom characteristics. The
negative path coefficient between class size and attitudes to science is an expected
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" Table 5.5 Attitudes to Science Controlled for Occupational Status

- . v
Science attitudes regressed on

Occupational Class Classroom
N= 72 — status size characteristic
Classroom characteristic p“a P42 P43
Ethnicity of home 0.43 : 0.05 0.17
Occupational aspirations .11 -0.14 0.48
Number of hours homework per week 0.28 -0.03 0.24
Educaticnal aspirations 0.04 ~0.20 0.65
Pop culture activities 0.33 -0.02 ~0.23
Maths/science activities 0.25 -0.01 0.50
g Acadenic motivation 0.31 ~0.04 0.37
Like school 0,26 ~-0.06 0.49
Use of short answer tests 0.41 0.01 0.02
Use of multiple choice tests 0.42 0.00 0.06
Assessments involving student choice 0.40 0.92 0.07
Homework reprimand given 0.41 -0.01 0.14
Frequency reports sent home 0.41 0.03 ~0.03
Use of textbook B 0.41 0.01 0.01
Use of pupil notebook 0.39 -0.01 0.10
Prop'n from foreign language homes 0.47 0.03 0.11
Time on science homework 0.42 0.04 ~0.06
Total time on science 0.41 0.01 0.04
Time on all homework 0.30 -0.02 0.21
Teacher revises work 0.39 0.06 ~0.14
Teacher contacts student 0.46 0.05 0.1l
Other reward 0.44 0.04 0.17
Casual rebuke 0.46 0.04 0.14
Deliberate rebuke 0.42 0.03 [k
Other punishment 0.46 0.04 0.15
Total rebuke 0.46 0.05 0.11
' Positive support 0.42 0.05 0.21

|

\ 2 path coefficients greater than 0.10 are underlined.

result from the research of Smith and Glass (1979) and confirms that increased class size
does damage students' attitudesto that particular subject.

In addition, all the home background and attitudinal measures had a substantial
influence upon attitudes to science. This was not surprising since the attitudes measured
would be components of a more general attitude. Many of the structural and process
measures considered in the model also influenced attitudes to scignce. Among the
strongest predictors were the use of other réwards (0.22), the amount of positive support
(0.28) and the time spent on homework (0.18). Unlike achievement outcomes, it ugpeared
that there were some process variables that were good predictors of affective out‘comes
in science classes.

*

ki

Attitudes fo Science Controlled for Occupational Status

In Table 5.5 the path coefficients for the model with attitudes to science controlled for
occupational status are rocorded. Just as for achievement outcomes, occupational status

Y
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was not as strong a predictor of attitudes towards science as was prior achievement.
The path coefficient between occupational status and attitude to science fluctuated
markedly depending upon the predictive power of specific classroom characteristies,
although it was almost always substantial. The presence of suppressor effects was

suspected. The relationship between class size and attitudes towards science was usually

neghgible, but again it varied according to the classroom variable being considered. The
same set of attitude variables as listed for achievement cutcomes continued to have
substantial path coefficients.

When the attitude measures showed larger path coefficients, the predictive power
of occupational status decreased and the path coefficient between class size and attitude
to science changed from positive to negative values. Many of the other classroom
characteristics had a substantial influence upon attitudes to science. The main
predictors were again the use of other reyvard (9.17), the amount of positive support
(0.21) and the time spent on homework (0.21).

Attitudes to Mathematics Controlled for Occupational Status

The relationships for attitudes to mathematics when occupational status was used as the
control were surprising and the path coefficients have/liéen recorded in Table 5.6. The
direct path coefficient between these two measures was not strong with most values in
the vicinity of zero although different classroom characteristics generated fluctuations.
Class size sometimes had a substantial positive path coefficient with attitudes to
mathematies but again this varied according to the classroom variable under
consideration.

All the attitude measures were substantially related to attitudes to mathematics.
The direction of the relationship was positive except for the students' participation in
pop culture activities (-0.31). As noted for the corresponding analysis of science
attitudes, as the path coefficients between certain attitudes and the attitudes to
mathematics measure increased, the path coefficient between occupational status and
attitudes to mathematics became negative and the path coefficients from class size
either decreased or became negative., Many of the process measures possessed
substantial path coefficients. The main predictors of attitudes to mathematics included
the amount of laughter (laughter with: 0.27; laughter at: 3.31), the number of
invitations for students to participate or inquire (0.24) and the number of work habit
comments (0.29). The use of a major textbook damaged attitudes (-0.24).

In general, the results from the analysis of the causal model for affective outcomes
could be summarized as follows. First, the effect of class size upon attitudes appears to
be hidden unless prior achievement is included as & predictor to account for much of the
varlation in attitudes and thus reveal a negative relationship. Even after controlling for
prior effects, most of the attitude measures collected in the original study appeared to
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be substantially related to attitudes to these two subjects. This is not surprising since all
these measures could well be components of a general attitude dimension. Finally,
classroom practices seemed to have less effedt upon achievement than upon attitudes
such that achievement appeared to be independent of most of the teacher behavioirs

that were related to class size.

One disappointing feature of the analyses of the causal models for all outcomes
was the small number of classroom characteristics which substantially affected
achievement outcomes. The use of only individual classroom variables is a valid
criticism of the model and the subsequent analyses. It might have been more appropriate
to have combined several . classroom process variables into one compound variate with
the hope of producing a stronger classroom effect. This was considered but the
construction of such a compound variate was rejected since it would have required the
combination of conceptually different variables, including time meésures, frequency
counts and interview schedule results. It was decided that for the analyses reported in
this investigation it would be desirable to simplify the issues of lnterpretati‘on 50 that
comparisons across levels of analysis would be more meaningful. Furthermore, the

current list of variables did contain some combined measures for homework, assessment

and the use of teaching aids. These variables represented compound measures of a
specific range of classroom activities and some of these variables were examined in the
causal model.

Another difficulty with the analyses conducted, particularly when a prior
achievement measure was absent, was to explain enough variation in achievement so that
the effect of class size would be validly observed. To overcome this difficulty, it would
be necessary to identify other variables which might be introduced into the model.
These new variables should explain variation in achievement, distinet from that already
explained by prior achievement or more especially by occupational status. To identify
these additional variables, the best clue is given in the regression models for science and
mathematics achievement already constructed. In most of these models, a collection of
attitude measures possesged substantial path coefficients when either prior achievement
or occupational status was controlled. The general attitude measures in the model
included the students' occupational and eduecational aspirations, attitudes t? school,
academic motivation and level of participation in mathematics or sclence activities.
These five attitude measures provided an lmponltant additional dimension to the causal
model.

A Causal Model Incorporating Attitudes

The usefulness of the attitude measures as a supplement to the predictive power of prior
achievenient or occupational status was Indicated by the analyses with the simple causal
model. Class size had a substantial effect upon aspirational measures and academic
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Table 5.6 Attitudes to Mathematics Controlled for Occupational Status

Mathematics attitudes regressed on

Qccupational Classroom

N= 72 statusg chsracteristic
Classroom characteristic 7% i 43
Ethnicity of home 6.03 0.10
Occupational aspirations ~0.25 0,40
Namber of hours homework per week ~0.05 8.12
Rducational aspirations ~0.59 0,72
Pop culture activities -5.09 -0.31
Maths/science activities ~3.07 0,26
Academic motivation ~0.13 N
Like zchool ~0.16 .50
Use of axtended answer tests -0.31 2.06
Range of assassment 0.1 0.02
Frequency of revision howework ¢ 01 -0 03
Frequency of homework set 9.02 003
Written vecord of homework @.02 ~0.02
Record homework in notebeok ~4.07 Q.30
Homework discussed 0.01 0.14 0.9¢
Homework must be cowpleted ~0.02 .09 2,16
Homework work habits score -6.01 G.4¢ 8,15
Homework completed score ~0.03 0.0%8 .21
Frequency reports*sent home 6.2 0,19 -G, 25
Use of textbook A 0.09 ~8.%4
Use of printed workbook 0.83 0.05
Use of TV 0.62 0,16
Prop'n from foreign language homes 0.11 0.18
Time on maths homework 0.02 ~1. 01
Total time on maths ~0.01 0.13
Total time on homework -0.09 .12
Number of teachers in year 0.00 -0.10
Number of regular teachers 6.0l 6.17 =0.
Time on question and answer session 0.61 0,19 ~0.16
Time students write 0.02 0.16 0.09
Unclassified time ¢.02 9.10 ~0.06
Number of changes in activity 0.62 0.12 0.01
Teacher contacts student 0.04 0,19 0.17
Teacher asks question 0.02 0.08 0.14
Student asks question ot 0.00 0.09 0.17
Invitation to participate 0.04 0.07 0.264
Invitation to inquire -0.01 0.09 _5_:__22;
Consider work habits 0.08 0.05 9.29-
Casual praise 0.06 0.07 0.13
Total praise 0.07 0.06 0.15
Other punishment 0.0} 0.15 0.14
Deliberate rebuke 0.02 0.13 0.03
Total rebuke 0.05 0.15 0.14
Positive support 0.01 0.14 -0.05
Laughter with 0.01 0.05 0.27
Laughter at -0.04 0.05 0.31

ra

Path coefficients greater than 0.10 are underlined.
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motivation in 21} three models. All the attitude measures that were discussed (except for

segdemic motivation) had a substantial effect upon achievement even after controlling
for the influenca of prior effect measures. In order to develop a causal model which
ireorporatert the cddit.onsl effeet of attitudes, it must be recalled that all attitude
measures were chiniued towards the end of student's year in Year 7. Hence, these
zttitude measires Go not represent a prior effect but should be viewed as a component of
the environmean: of thw :lassreom. As such, the students' attitudes could be influenced
by cless size. Morecver, the interaction between attitudes and the processes which
senur in the clasernom are complex. The activities that teachers pursue can influence
s'udent appredinticn of the subject and hence their attitudes. Alternatively, teachers
nay perceive the presenve of favourable attitudes and the students' enthusiasm and
medify their beharsur (o mateh a particular class. In view of the fact that the effects
of rimssrcom characteristies ugon attitudes to school subjects have already been
considered. 1t may be more profitable to assess the effects of the presence of favourable
an¢ unfavaurabie #ititudes upon the behaviours and practices that the teachers employed.

The gecond causal medel relating class size, classroom behaviours, attitudes and
scedeimiy &chievement that has been discussed in the previous paragraphs is given in
Figiire 5.2, Since attitude measures are included in the model, it is necessary to restrict
the anaiyses to a consideiation of achievement outcomes only. Since all five attitude
measures were obtained from questionnalires, it was considered possible to develop a
general attitude measure fr‘om the five variables usi'ng factor analysis. The results of this
analysis have been reported Iin Appendix IIl. While the use of a general attitude measure
might seem theoretically preferable, some investigatory runs with the measure indicated
that it would not be as productive as the analyses using the specific attitude measures
since it failed to provide an understanding of the relevance and importance of different
facets of the students' attitudes. The causal model was cxamined for science ciasses
using only prior achievement as the prior effects variable. The model included only the
one process variable which had been found to have a substantial effect upon secience
achievement using the first model. The results of the examination of the causal model
given in Figure 5.2 are presented in Table 5.7.

1 Students' occupational aspirations. The inclusion of this attitude appeared to
make little difference to the eifect of class size. The most interesting finding was that
the amount of support given by teachers decreased as prior achlevement increased
(-0.44), as attitudes Increased (-0.35), and as class size grew (-0.12). It appeared that

teachers did not waste their support on classes of high-achieving, well-motivated
students. Prior achievement (0.86), students’ occupational aspirations (0.10), and the
amount of positive support (0.1¢) were all substantial predictors of science achievement,
while the effect of cluss size upon achievement was still positive (0.08), but no longer
lsubstantial, after adjustment for the factors included in the model.
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Prior Achievement Ciass Size

Achlsvement

Figure 5.2  Causal Model at the between Classer Level of Analysis Including
Attitudes, Class Size and Classroom Characteristics

2 Students' educational aspirations. The Inclusion of this attitude into the causal
model is very perplexing, for although the effect of class size upon positive support did
chénge slightly (-0.17), the effect of prior achievoment upeon positive support changed
markedly (-0.980)., It seems thu/t' prioc achlevement and the students' educational
aspirations are confeunded by ez{ch other’s inﬂue_ﬂce and that the attitude measure was
having an- extreme effect upon positive suﬁ:ﬁ@(g.aﬁ), /T.he change in the path
coefficient suggested that educational aspirations have actéd as a suppressor variable
and hance altered the predictlve power of the other variables. The effect of all four
predictors upon academic achievement was similar to the previcus attitude measure
except that educational aspirations {0.14) were superlor to occupational ésdirgtions asa
predictor of achlevement. The effects of positive support (0.08) and class size (0.08)
were still positive, but not substantial.

3 Mathematics/science activities, academic motivation and attitudes to school. The
affect of class size upon positive suppoft was unchanged by the addition of any of thesa
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Table 5.7 Path Coefficients for the Analysis of the Causal Modei at the
between Classes Level of~Analysis

Prior Class

N =72 s achicyement size Attitude
Positive support regressed on P41 Py2 P43
Occupational aspirations - -0.44 -0.42 -0.35
Educational aspirations -0.90 ~-0.47 0.85
Academic motivation -0.20 -0.08. 0.01
Like school -0.23 -0.06 0.06
Maths/science activities -0.28 -0.05 , 0.1

E Prior Class Positive

athievement size Attitude support
Science achievement regressed on ps1 P52 P33 P
Occupational aspirations 0.86 0.08 " 0.10 0.10
Educational aspirations 0.80 0.08 0.14 | 0.08
Acadewic motivation 0.91 0.09 0.06 0.11
Like school 0.90 0.10 0.05 0.11
Maths/science activities 0.91 0.10 0.05 0.10

a Path cocfficients greater than 0.10 are underlined.

three variables. Furthermore, none of these variables was as strong a predictor of
science achievement as were the first two attitude variables considered above, and
hence the efiect of class size upon achievement remained substantial {(approximately
0.10). The amount of positive support given by teachers maintained a.substantial path
coefficient (approximately 0.11) with science achievement in each case.

The addition of attitude measures to the causal model was interesting if the
students' ’occupatianal and educational aspirations were copsidered. These measures did
not greatly influcnce the relationship between class size and positive support, or the
relationship between positive support and science achievement, but influenced Instead,
the relationship between class size and science achievement. The attitude measures help
to explain a greater proportion of variation in achievement and hence the effect of class
size was reduced, occasionally to non-substantial levels. Despite the weakening of the
effect of class size in comparison to the previous model to the point where it was barely
substantial, the relationship was still consistently ‘posmve. This remains a result

- contrary to the extensive body of previous research reviewed,

The relative effect of the students occupatl(k)nall and educational aspiraticn
measures when compared to those of academic motivation, participation in mathematies
and science activities and attitudes to school can be matched to cerain results from the
factor analysis of these five attitudes. Although all five measures were aligned on the
first principal factor, presumably some general attitude factor (see éppend!x ), the
two aspirational measures were assigned negative values for the secoritprincipal factor
while the other three attitudes were assigned positive values. This appeared to indicate

.
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a distinction between the aspirational measures and the other attitudes, although it
would seem difficult to find an appropriate label for the second facior.

Summary and Conclusion

A perpléxing result is the consistent positive relatioaship between class size and
achievement in both subjects. The use of a prior achievement measure went part of the
way t reducing the strength of this link, but it has remained substantial in the presence
of controls with achievement, occupational status and attitudes, The inclusion of
additional predictors may further reduce its influence, but its persistence as a predictor
of academic achievement in all models does suggest that the result has some stcength. It
appears that large classes, even after controlling for the presence of high performing
students, were able to generate additional achievement gsins. Furthermore, these
achievement gains went beyond the effects of the process dimension which might have
suggested that teachers of larger classes employed superior teaching styles. It would
appear that the achievement gains possible in larger classes were an indirect

consequence of certain properties or characteristics of the students who formed the \

classes, for they would appear to interact with each other and amplify achievement
beyond its initial level. This phenomenon would seem to be a product of the way

students are chosen for larz:r classes, and the attitudes of students in these classes, for
they have préoduced an enhancing effect.

Apart from achievement scores, it is hard to identify those student characteristics
which influence placement in particular classes.. The high correlation between prior
achievement and class size does indicate that School Principals or Subject Coordinators
allow the size of high performing classes to creep uph) The students it these classes must
be sufficiently well motivated to support their r position. Although no measurements of
attitudes at the commencement of the\ﬂar were_availabte, there appears to be some
interaction between achievement, class size and attitudes. We have already considered
the effect of class size upon attitudeslEgt it seemed that being well motivated and able
influenced the size of Athe":dass to which & student was allocated. Therefore, there is a
two-why Interaction between class size and attituges, and this interaction should be
incorporated into a regression model. Such —ojr;odel,_' appropriate 'to our present
considerations, has been examined ifi Chapter 8. It was hoped that it would provide
further insight into how students were allocated to clgsses by idenniy'ing qther factors
used in placing students. Furthermore, these factors nght explainshow the assemb)age
of able students was able to produce enhzmced achlevement gains. _ . b

In conclusion, we can note that cliss size.did affect & range of” classroom

Uactivltim, particularly in methematics, but that the number of variables so affected was¢

a small percentage of the total number of va ,Lnbla investigatecf in the study. However,
the incidence of: ¢¢rtain activities was not entlmly conslstenynlth .the scenarios of small
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and large classes painted 1n debate and research. It appears that class size has a slight .
positive effect upon achievement in both subjects although the reasons for this result are
still hidden in the way that large and small classes are fermed and develop. As such,
classroom process variables were not found to be as important ‘a determinant of
achievement as was originally suppose’d, for it seems that the attitudinal interactions
among the students that form a class are a more important factor than the teaching and
learning activities that occur within the classroom. ’

Altliough the relationship that has been found between class size and achievement
15 contrary to the research summary provided by Glass and Smith (1278), an examination
of the attitude measures provided further understanding of how groups of able students
scemed to enhance their achievement levels. [t should be Afmoted that'although our
findings disagree with Glass and Smith, the;' are consisten‘f‘ with several major
non-experimental Studies noted in the review of previous ra.search. Moreover,
throughout the analyses attempts have been made to control for some of the criticisms
that were levelled against studies where measures were not taken to _compensate for
prior achievement diffecences, Furthermore, an ex.amination"las Been carried out into
mechanisms operating in large and small classes using a wide range of structural and
process variabies. The small number of mterestmg results from this list of variables
~onfirms the observation made by Ryan and Greenfield (1975) that teachers were, not
exploiting the opportunities available lh&naller classes. Our findings suggest that the
ability of the class, rather than the size of the class, is & more 1mportant factor
influencing the use of various teaching styles. )

Finally, we found some support for the claim that large cIa&%esl damaged attitudes.
In science classes, where prior ach: vement measures were available, a substantial
negative path coefficient between class size and attitudes to science was observed after
controlling for other relevant factors in the causal model. This finding represented
support for the claim that class ‘Slze can damage student attitudes to a subject. It was
also found that many classroom processes had an eficet upon the students' attitudes
towards that subject. As such, this investigation has contradicted mqny of the research
findings from tKnchlevement domain, but supported the ﬂndings from the affective

domain.




CHAPTER 6
THE EFFECT OF CLASS SIZE AT THE STUDENT LEVEL

The causal model that was developed and discussed ,in the previous chapter concentrated
won class size, classroom processes and educational outcomes with the class as the unit
of analysis. Although the choice of the level of analysis was well justified by the
character of jhe original measurements, the class does not need {o be the sole unit of
analysis. In fact, the use of a sfngle unit of analysis has been criticizcd. As Rogosa
(1978) explained:
. no one level is, uniquely responsible for the deiivery and response to educational
programs . . . confining substantive questions to any one level of analysis i8 unlikely

to be a productive research strategy. (Rogosa, 1578:83)

As a response to this comment, it is desirable to conduct fur.her analyses using the
«Student as the unit of analysis.

The use of class initially as the unit gf analysis seemed a natural choice since the
primary aim of the study was concerned with the class size issue. However, it_has been
observed (Burstein, 1980) that by aggregating studen} test results to the classroom lgyel,
the relationships between these test results and other variables are strengthened by a
compounding of prior achievement and other, often unmeasured, background
characteristics. Mqreover, the increased correlations that generally result “in
educational studies from the cgéregation of data reduce the capacity to identify the
effe%ts of teacher-student interactions. Some evidence of the way that aggregation
magnifies an effect can be seen in the very strong relationship between prior
achievememt and final achievement which was displ?yed ir. the set of analyses presented
in Chapter 5. Furthermore, the aggregated measure may not represent the original
meaning of the variable when it was recorded at the individual level. Alternatively,

Blalock (1964) has suggested that by aggregating data, a more pure measure of the
variable was possible since the 'nuisance' effect of individual differences would be
lessened in the formation o7 nlasses. "~
Brophy and Good (1974) have argued that the nature of the relationship between
the ‘teqcher and the student demanded the use of the student as the unit of analysis.
Teacher behaviour is often directed towards individual students and not the entire class,
and in return, ipdividual differences between students influence teacher behaviour.
Furthermore, even teacher behaviours directed to an entire class are received and
responded to in different ways by individual studemts. These arguments would sugest
that the student would be a more appropriate unit of analy3is in the examination of the

effeg‘\t_s of teacher behaviours and classroom practices upon the achievement outcomes of
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However, the nature of the data in the original study does not enable us to
reproduce readily the findings of Chapter S at the between students level of analysis, for
although individual measures from tests, questionnaires and attitude scales are available,
the same is not true for the classroom measures. Measqres of teacher behaviour and
C.azsroom practices were obtained at the class level. Individual students may experience
the lrehaviours and practices to varying degrees, according to ability, concentration or
otherwise, but assessment was not made of the impact of behaviours and practices upon
the individual students being considered in this study. Therefore, 1t was not possible to
duplicate the previous chapter’s analyses without disaggregating the data collected at
the classroom level. The complication with using disaggregated data arises because, in
general, teacher behaviours can not be attributed equally to all the students in the class.

In addition to the restrictions necessary because of level of analysis considerations,
the model was limited to science classes. The poor predictive power of the father's
occupational status as a sole prior effects méasure suggested that it did not act as an
adequate control in the analyses of the mathematics data. Hence, any results for
mathematics classes would remain inconclusive. However, incorporating both prior
achievement and occupational status into one model was seen as improving the model's
level of specification. Teacher behaviour and process variables were removed from the
model for two reasons. One difficulty was the conceptual problem of using
disaggreéated dats, while the other was the general failure of these variables,
particularly in science classes, to influence the relationship between class size and
achievement outcomes. However, an apparent contradiction was the use of class size,
obviously a class measure, in an individual level model. This discrepancy was justified by
noting that each student experienced the same class size, while the other classroom
measures which were shown to be substantial in science classrooms were not so evenly
distributed to all students in a class group.

The purpose in developing a new model was to identify further the effect of class

size upon science achievement by considering its influence in a different context. By
' examining the influence of class size upon the individual's performance as distinct from
the performance of the entire class, the intention was te further isolate the way in which
class size regulated science achievemenl. The resultant causal model is presented in
Figure 6.1, )

The model was examined with the same five attitude measures that were employed
in the previous chapter. They were the student's occupational and educational
aspirations, liking for school, academic motivation and participation in mathematics ard
science activities. These five measures were selected because of their repeated
interaction with class size and academic achievement.

All path coefficients were obtained using the SPSS Regression program (Nie et al.
1970). The same criterion and nomenclature as used previously were again used to
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Occupational

Prior
Status

Achievément

Attitudes

Science Achievement

Figure 6.1 Causal Model st the between Students Level of Analysis Including
Class Size and Attitudes

i'ndtcate when a path coefficient represented a substantial relationship between two
measures. In Table 6.1, the results from the causal model for each attitude are
presented. ¥ s 7

The most interesting results in Table 6.1 were the positive influences of class size
upon aspirational measures, while class size did not eppear to affect greatly the other
attitude measures. Neither of the’ prior effects measures (prior achievement or
occupational status) influenced consistently attitudes in all areas. 'Furthermore, both
prior achievement (approximately 0.85) and class size (approximately 0.13) were
substantial predictors £t gclence achievement regardless of the attitude measure being
considered. Although prior achievement was the strongest predictor, class size was a
better predictor than all other measures except for 'educa‘tional aspirations (0.17). In

addition, class size had a small indirect effect upon achievement through thenggg_lrational

when the student, not the class, was used as$ the unit of analysis.
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measures. The path coefficient between class size and science achievement was larger
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Table 6.1 Path Coefficients for the Analysis of the Causal Model at the
between Students Level of Analysis

Prior =  Occupatipnal

N = 1986 achievement status
Class size regreased on P32 P32
Class size 0.20 0.04
Prior Occupational Class
achievement status size
Attitude measures regressed on P41 P42 P43
Occupational aspirations o 0.17 0.22 0.11
= Educational aspirations N 0.33 0.27 0.14
Like school 0.11 0.09 0.04
Academic motivation 0.03 0.10 0.04 -
Maths/science activities 0.09 0.95 -0.02
Prior Occupational (lass
achievement status size Attitude
. Science,ﬁzg}vvement regressed on P51 P52 P53 Psy4
Occupatfiona)/ aspirations 0.65 0.10 0.13 0.09
Educatipna) aspirations 0.61 0.08 0.11 0.17
Like 0.66 0.11 0.1 0.10
Academic Notivation 0.67 0.11 0.13 0.09
Mathp/scignce activities 0.66 0.12 0.14 0.08

7 . X
Path coefficients greater than 0.10 are underlined.

Effect upon Attitudes and Practices

.

Superior prior achievement levels led to an improvement in aspirations and liking for
school, Mot surprising, the strongest relationship was with the student's educational
aspiratiohs. Clearly, students who had, done well at school expected to continue with
their studies. Oeccupational status related positively with aspirations and academic
motivation. Interestingly, occupational status was a stronger predictor of academic
motivation than prior achievement, suggesting that home background rather than
academic success at school was more important in providing general motivation for
students towards their studies. :

l’ The etfect of class size upon attltudes-ls more interesting. While larger classes

appeared to enhance a student's occupational and educational aspirations, they appeared

8 to have little effect ‘upon the other three measures. This distinction between the
‘ findings for the two aspirational measures and the other three measures has already been .

noted in Chapter 5.

.
\

[
Effect upon Science Achievement

All four antecedents had substantial path coefficients with science achievement. Prior
- achievement always had the greatest effect on science achlevement. In four of the five
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cases, class size had the second largest path coefficient to science achievement,

followed by occupational status and attitudes. When the attitude measure was
educational aspirations, it had a stronger effect on achievement than did class size, with
a path coefficient approximately double that of the other attitude measures.

The importance of these results when compared to the equivalent results obtained
when class was the unit of analysis is difficult to assess. Differences in the models do
not enable direct comparisons. Prior effects were stronger when the class was the unit
of analysis, but there were two prior effect measures present in the iatter analyses so
that the extent of the difference could not be directly determined. Furthermore, the
effect of aggregation in strengthening relationships has already been noted. The path
coefficients between the attitudes and science achievement were similar at hoth levels
of analysis although liking for school had a stronger effect when the individual level was
examined.

Occupational status had a weaker effect in the presence of the prior achievement
measure, but more important in terms of the issues for this study, were the changes in
the effects of class size. At the class level, class size had a barely substantial effect on
science achievement with the magnitude of the path coefficient depending upon the
combination of attitude and classroom characteristic being considered. However, at the

individual level, class size had a consistently substantial effect on science achievement,
and as has already been noted, often had a stronger effect than attitudes or oecupational

status. It is possible that the class size effect was medlated through teaching practice,
but since teaching behaviours had such weak relationships with science achievement, this
appeared unlikely.

The reasons as to why class size should appear to be more effective in Increasing
science achievement at the individua: ievel as distinet from the class level are difficult
to provide. In the previous chapter we discussed the possiblility of larger classes haﬁ%\g a
certain climate due to the assemblage of more able students. If this were so, it would be
envisaged that analyses conducted at the class level could be more successful at
detecting this effect. The results contradict this suggestion. The explanation is more
likely to lie with a consideration of the effects of aggregating the data to the class
level. The strong path coefficient between prior achlevement and achlevement would
appear to be accounting for so much of the variance in science achievement that the
path coefficients for the other meesures were being reduéed. Although it is difficult to
quantify the relative influence of class size upon achievementEat the two levels of
analysis, a positive relationship between class size and achievement has been con firmed.
Even if the results obtained in this study continue to disagree with the Glass and Smith
findings from a review of experimental studles, a certain confidence in the results is
passible due to their consistency at the two levels of analysis.

/
s 60

;,_v\i



CHAPTER 7

COMPARISONS BETW\EEN DIFF.ERENT LEVELS OF ANALYSIS

\

\
e .
3

The importance and implications of‘ choosing a suntable level of analysis for an
investigation has already been discussed briefly in previous chapters. However, the
issues and their consequences are more complex, The increased importance of the
choice of an appropriate level of analysis is indicated by the number of research workers
who have considered it ne ~ssary to address themselves to this issue during the past
decade. They include Cronbach and Webb (1975) and Barr and Dreeben (1977), although a
more extensive summary of the work related to the level of analysis issue has been given
by Burstein (1980).

Among the points emphasized by Burstein was the possibility of a variable having
different meanings depending upon the unit of analysis under consideration and the
difficulties associated with drawing meaningful conclusions when an examination of the
data was conducted at more than one level of analysis. A simple illustration of his first
point can be made with the occupational status variable that has been used in the causal
modeis that have been examined in this study. At the individual level, this variable is an
indicator of home background, while if the variable is aggregated to the classroom levei,
the same variable may become a measure of the type of community that the classroom
services. The second point refers to the appropriateness of extrapolating a result
obtained from a classroom study to the individual students in those classes.

The causal model developed in Chapter 6 was-a-response-to the problems associated
with the construction of appropriate maodels. Its aim was to assess the effect of class
size upon science achievement at the individual, as distinct from the classroom, level.
The use of a class size measure in an individually based model was justified in the sense
that all students expertenced the effects of the class size, and that this effect was equal
for all students in a class. As such, the purpose of the model was to be relevant to the
current issues as well as contain measures suitable at the individual level of analysis,

Reporting of analyses conducted at both the indlvidual and school level has been
undertaken by, Comber and Keeves (1973) and Peaker (1975). Both reports were
associated with the cross-national Six Subject Study undertaken by the International
Assoelation for the Evaluation of Educational Achievement. Just as for the different
levels of analysis reported in Chapters 4, 5 and 6, these studies obtained results which
differed slightly between levels of analysis. However, no regular pattern was discernible
and therefore it was not possible to draw conclusions for one level of analysis in terms of
the results obtained at the other level of analysis. The difficulties associated with
cross-level inference were again illustrated. The possibility of drawing conclusions was

further compli cated by the use of dlsslmllar models.
) ¢
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Student within class is another level of analysis that has also been employed and
reported (Peaker, 1967; Burstein, 1980; Keeves and Lewis, 1983). This type of analysis
15 often described as the 'frog pond effect’ and it is used to examine the relative standing

of 4 student withun a class. The importance of a student's relative standing can be
tlustrated in several ways. For example, a student’s performance may improve in a
weaker class because the student’s self-image is enhanced by being a 'big frog in a little
pond. Furthermore, the attention that st .dents receive from their teachers and peers is
a function of their relative position in the class. Other illustrations of the importance of
the within-class effect involve the nature of instruction received by students. For
example, 1f the knowledge required to answer « question on an achievemnent test has been
presented to the students, then all students should be able to answer the item correctly.
Obviously, this does not happen. Some students respond to being taught while others do
not, either due to inattention, lack of ability to comprehend the instruction or for other
reasons. It is clear that while all students in the class receive the same instruction,
students within the class might benefit in unequal amounts. As such, classroom
characteristico would not be evenly shared throughout the class although each student
might have the same opportunity to receive them.

The nature of the student within class level of analysis can be further elaborated
since tNtudent‘s relative standing within a class is an integral part of the performance
of the individual student. If the variable xij denotes the performance of student j in
class i, and )'Ii denotes the mean performance of class i, then these measures can be
related by the expression:

Xij = xi + (xij ': xi)

such that the performance of the student may be broken down into a class component
and a within class component. Thus, the relative performance of a student within a class
is an mtegrél part of the student's performance although it is interrelated to the class to
which the student belongs.

Comparisons at all three leveis of analysis (i.e. stu&ent, class and stixdent within
class) have been carried out on Cumber and Keeves' (1973) American data using
regression techniqubs and were discussed by Burstein (1980). The study sought to assess
the effects of abllljer, sex, father's occupatlon, number of books in the home, years of
science instruction, amount of science instruction per week and the use of discovery
science teaching methods upon science achievement. The path coefficients obtained
from the three levels of analysis were equivalent in both pattern and relative
magnitude. The similarity of the results at different levels of analysis made more
detalled interpretations of thé effects of unit of analysis upon the causal model very
difficult since differences between the levels of analysis were needed to isolate
particular effects.
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Another study where results were obtained using diiferent levels of analysis but
where the results were not internally consistent was also discussed by Burstein (1980). In
that study, correlation coefficients were obtained between the rate of student success,
as a measure of the degree of difficulty of the work presented to them, and reading and
mathematics achievement, which were adjusted for prior achievement. At the student
within class level, high success rates were positively correlated with achievement. At
the between classes level, many of the correlation coefficients were negative, This
result was interpreted to mean that teachers who assigned easier material to their
students and hence provided their students with a greater proportion of successful
leaming experiences tended to have lower class achievement. At the student level, the
results were similar to those obtained at the student within class level. This example
indicates how different levels of analysis may be used to increase the understanding of
an educational situation by providing additional nsight into the reasons for changes in
student achievement.

To extend the idea of comparing the three separate units of analysis mentioned
above to the present situation, several modifications were needed before a suitable
causal model could be developed. The most obvious difficulty was associated with class
size because there was no variability in this measure at the student within class level

since its value would always be zero. This was regrettable since the investigation was
) primarily concerned with class size. Consequently to\provide a direct comparison
between the three levels of analysis, class size had to be omitted from the model and
hence the discussion must concentrate solely upon comparing the effects of the other
antecedent measures at the various levels of analysis.

Furthermore, the between classes model used in Chapter 5 and the between
students model used in Chapter 6 are also not directly applicable since they included
class size, The between classes model also used classroom characteristics while the
between students model incorporated both prior achievement and occupational status as
prior effects. To produce a causal model which could be applied in the same form to all
three levels of analysis, the models used previously had to undergo further modification.

The improved predictive power of the model with two prior effect measures
together with the unsuitability of any model without a prior achievement measure
suggested that it was worthwhile restricting the comparisons to science classes only.
The strength of the attitude measures as predictors of science achievement indicated
that they were worthy of continued inclusion in the model. However, since the five
attitude measures used in the two previous models were chosen for *welr importance in
conjunction with class size, it seemed appropriate to extend the .nudel to include the
complete list of attitude and practice measures available at the student level since class
size was no longer under consideration. The attitude and practice measures included
occupational and educational aspirations, amount of homework per wesk, level of
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Occupational Prior Achievemen*

Status

Achievement

Attitudes or Affective Qutcomes

Figure 7.1 Causal Model Appropriate to the between Classes, between
Students and between Students within Classes Levels of Analysis

participation in both pop culture or mathematics and science activities, academic
motivaticn, liking of school and self regard. In addition, since attitudes were an integral
part of the model, it was decided that the outcomes measures should include both
seience achievement and attitudes to science,

A causal model which incorporates prior achievement, occugational sta}us,
attitudes and either science achievement or attitudes to science is presented in Figure
7.1. Data were available for all variables at each of the three levels of analysis. Just as
before, class measures were obtained from 72 classes, individual measures from 1986
students and students within classes measures by constructing the difference between
the student measures and the appropriate class measure for the 1986 students. The
results of the regression analyses conducted at each of the three levels of analysis are
presented in Table 7.1, '

it should be noted that the data were not weighted to correct for unequal size of
class greups as is sometimes considered desirabie if classes have been sampled. In this
study, an almost complete population was under survey and naturally occurring class
groups were l;SGd in the analyses that are reported. All path coefficients were obtained
using the SPSS Regression program (Nie et al., 1970). The same notation as used in
previcus chapters is again used to indicate if a path coefficient represented a substantial

relationship.

Level of Analysis: Between Classes

1 Outcome - Science Achievement. The antecedent measures of occupational status

and prior achievement both enhanced the student's occupational aspirétions (0.34 and
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0.52) and cducational aspirations (0.33 and 0.64), the amount of homework done each
week (0,36 and 0.33) as well as the level of participation in mathematies and science
acyvities (0.11 and 0.28). In addition, occupational status had a positive effect upon
academic motivation (0.25) and self regard (..38) while prior achievement positively
influenced liking for school (0.43). Classes with high prior achievement levels contained
students who participated less in pop culture activities (-0.58). In the presence of prior
achievement, occupationa! status was not a good predictor of science achievement.
Similarly, occupational aspirations (6.13) and educational aspirations (0.26) were the only
attitude measures with substantial path coefficients to science achievement. The
absence of other substantial resulis was partly due to the strong relationship between
prior achievement and science achievement at the class level. This relationship was
characterized by path coefficients generally in excess of 0.8.

2 Outcome - Science Attitudes. As for achievement outcomes, occupational status
was not a substantial predictor of attitudes to sclence except in one case. Prior
achievement and all the attitude and practice measures had a substantial effect upon
attitudes to science. The behaviour of the model when occupational and educational
aspirations were considered” was unusual. The normally weak but positive relationship
between occupational status and attitudes to science changed to a weak negative
relationship and the path coefficients between prior achievement and attitudes to
science decreased markedly, suggesting that these two measures might be causing
suppressor effects.

Level of Analysis: Between Students

1 Qutcome - Sclence Achievement. At this level of enalysis, both occupational
status and prior achievement influenced occupational (0.22 and 0.19) and educational
aspirations (0.28 and 0.36). In additicn, occupational status positively influenced
academic motivation {0.10) and the amount of homework Eonc per week (0.12). Prior
achievement influenced liking for school (0.12) and self regard (0.13). Also, the more
able students spent less time on pop culture activities (-0.16). At thiz tevel of analysis
there were fewer substantial path coefficients tha.. at the between classes level, but
otherwise the findings were similar tu those at that levei except for the very weak

" influence of prior achievement upon mathematics and science activities at the between
students level (0.09) and the contrasting effects of o.cupational status and prior
achievement upon self regard. At the class level, self regard appeared to result from the
overall home background status of the class (0.38), while at the individual level, the
student's own academic performance (0.13) appeared to ble the most iafluential factor.
The importance of these two effects will be considered In conparison with the findings
from the between students within classes analysis.
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Table 7.1  Path Cosefficients for the Analyals of the Causal Hodel at the betveen Ciasscs, betveen Students and betwean Students within Clssses - Leveis of
' Analysis -
Attitudes and practices Between classes level Between students level Between students wvithin ¢laanes level
regrassed (N = 22) (N = 1986) (R « 1986)
Occupational Prior Occupational Prior Occupational Priar
student statas achievenent status achlavement status achievement
attitudes/practices P P32 ‘Pl P2 P31 W
Occupational aspiratigns 0.34 0.52 0.22 .19 0.16 0.10
-Educational aspirations .33 .68 4.8 (PRI 0,21 [}
Ho. of hours homework/wesk 0.36 0.3 0.12 0.09 0.04 0.00
Pop culture activities 0.05 -0.58 -0.03 ~0.16 -0.02 -0.10
Hathe/science activities 0.11 0,28 0.04 0.09 0.0) 058
Academic wotivation 0.25 0.09 0.10 0.04 0.07 G.02
Self vagard . -0.03 . 0.1) - 0.02 0.09
Like school o 0.3 0.43 0.09 [IRH] 0.07 0.0?
Sckence achiavement Bstveen clasacs leval Between students level Between students within claasea lavel
regressad on (N = 72) (M = 1986) (N = 1986)
Qccupational Prior Occupetional Prior Occupational Prior
student status achizveweat  Attitude status achievement Atritude status achievement  Attltude
attitudes/practices Pl P42 P43 P4l P42 P43 Py Py2 P43
Occupational esapirations 0.02 0.8} 0.15 T 0410 0.58 0.11 0.06 0.58 0,08
Educatioas) aspirations -0.02 0.7 0.2 0.07 5.83 N 0.04 [P 0.14
No. of hours howevork/week 0.08 0.91 -0.03 0.12 0.69 0.05 0.07 .5 803
Pop culture activities 0.07 0.89 ~0.03 0.12 0.68 -0.0? 0.07 0.58 -0.05
Maths/acience activities 0.06 8 0.¢6 & 0.8 0.0? 0.07 1281 0.08
| Academic notivation 6.05 0.90 0.07 0.12 0.69 .10 0.0? . 0.%3 0.1
Self regard 0.05 0.91 0.06 9.12 0.69 0.07 0.07 (181 .
Like achocl 0.07 0.38 0.06 0.12 7.8 0.11 0.07 0.58 0.1l
| Sciance attitudes L R ¥ P53 P41 P42 P42 P41 P42 P43
Occupational aspiratioas -0.0 0.2 0.30 0.04 0.27 ¢.13 0.04 0.22 0.11
Educationsl espirations -0.04 0.1 0.40 0.00 .20 0.2 0.02 0,70 0.18-
No. of hours homeverk/veek 0.02 0.33 0.19 0.05 0.28 L4 0.0% 0,28 [N}
Pap culture sctlvitiea 0.10 0.3 -0.17 0.06 0.2 -5.08 0.0 [i¥¥3] -0.0
Haths/science activitiaes 0.03 0.26 0.38 Q.05 0.2 0.35 0.08 0.22 0.27
Acadewic motivation 0.00 0.36 0.36 0.02 0.27 0.42 0.0} 0.23 0.33
Self regsrd 0.01 . 0.32 0.06 '8.26 .32 0.04 L] (P33
Like achool 0.08 0.20 0.45 0.03 0.4 0.40 0.0 021 0.32
- - - PR S ———
®  Path coefficiant greater then 0.10 are underlined. .
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QOccupational aspirations (0.11), educationul aspirations (9.19), academic motivation
(0.10) and liking for sch:1 £0.11) all suLstantially influenced science aciuevement at this
level of analysis, The effect of prior aclievement was weaker at the individual level
with most path coefficients being Just Lelow 0.7, while most of the path coefficients
Detween occupational slatus and achievement were around the threshold value of 0.1.
Afthough occupational and educationel aspirations were among the strongest attitudinal
predictors of science achievement, their relative strength was not as pronounced as at
the clase level.

In general terms, the path cotfficienls between occupational status or priot
achievement and the attitude and practice measures were generally larger at the class
level owing to the clustering of students within classes. Similarly, prior achievement
was a stronger predictor of achievement at the class level. On the other hand,
nccupationa! status and some of the attitude measures were stronger predictors at the
'ndividual level although occupationa! and educational aspirations were an exception to
tnis statement. The strong influence of these t#o measures, particularly at the class

level, has already been noted at other stayes of the study,

2 OQutcome - Science Attitudes. Prior achievement was a consistent predietor of

good attitudes to science and all the other attitude and practice measures substantially
influenced the student's liking for science except for participation in pop culture
activities. Occupatioral status was not a substantial predictor of attitudes to science.
The suppressor effects observed with occupational and educational aspirations at the
between classes level were not evident at this level although the path coefficients
belween prior achievement and occupational status and attitudes to science had their
lowest value (0.20 and 0.00 respectively) when educational aspirations were 1pcorporated
into the model.

Level of Analysis: Between Students within Classes

1 Outcome - Science Achievement. The purpose of conducting the analysis at the
student within class level was to deteet if the relative level of occupational status, prior
achievement or any of the other measures were important in determining achievement
and affective outcomes. The reiative level refers to the student's status or performance
compared to the class to which the student belonged. At this level of analysis, both
occupational status and prior achievement substantlially enhanced occupational (0.16 and
0.10) and educational aspivations (0.21 and 0.22). Ia addition, prior achievement
differences reduced the level of participation in pop culture activities (-0.10). Although
these results were also obtained at the other two levels of analysis, there were less
substantial results at the student within class level. Major Jdifferences are discussed
after all the results are presented.
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At the student within class level, prior achievement (approximately 0.58),
educational aspirations (0.14), academic motivation (0.11) and liking for school (0.11) had
a substantial influence upon science achievement. Prior achievement hed a weaker
effect on science achievement at this level of analysis with all path coefficients being

below 0.6. Occupational status was not substantially related to science achievement.

2 Qutcome - Science Attitudes. Prior achievement had a consistently strong effect
on liking for science (approximately 0.22) while : .cupational status did not. Although
self regard (0.53) had the greatest effect from among the attitude and practice
measures, all but one of these measures had a substantial effect on attitudes towards

science.

Summary and Discussion

As discussed in the introduction to this ¢hapter, the differences between the findings at
the three levels of analysis were considered to indicate the manner in which certain
variables acted vpon other measures. Aﬂ‘b, it was necessary to determine if different
findings were pcssible using different levels of analysis. This was in response to the
waming given in relation to drawing inferences across different levels of analysis. To

facilitate a more orderly summary and discussion of these issues, the {indings have been
divided into three categories.

1 Effect of occupational status andJLioF achievement upon attituderand practice
measures. Several discrepancies were noted during the initial presentation of the
findings. The most notable was the relative influence of the two antecedent measures
upon self regard at different levels of analysis. At the class level, occupational status
enhanced self regard, while at the student level, prior achievement erhanced self
regard. However, at the student within class level, neither prior effect had a substantial
influence on self regard. It appears that students raise their self regard in two ways; by
belonging to a high status class or by performing well academically as an individual. As
such, self regard is a function of the status of the class but also of the individual
performance of the student, Hence, being from a high status home but belonging to a

low status class would not significantly eahance self regard unless supported by superior
achievement levels. .

The measure of the amount of homework done each week also depends upon the

Alevel of anmalysis. More able classes and high status classes do substantially more

homewgrk, high status students do more homework, but more able students in a
particular class appeared to do no more homework than less able students in the same
class. This results suggests that teachers set homework according to the ability and
status of the class such that within a given class all students do much the same amount

(of homework. .
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Another nconsistency concerned the influence of the antecedent variables upon
the attitude to school and academic motivation measures. At the student within class
level, no substantial relationships were found, yet prior achievement eprhanced Lking for
school, and occupational status inproved academi. motivation at the other two levels of
analysis. It would appear that these two results rupresent absolute effects, not relative
effects, in relation ~to the respective prior effect. The other results obtained were
similar regardless of the level of analysis although minor differences were present.
These included beth prior effects substantially influencing participation in science and
mathematics activities at only the class level.

2 Effect of occupational status, prior achievement and attitude and practice

measures _upon _science ‘achievement. Regardless of the unit of analysis, prior

achievement was a consistent predictor of science achievement. Occupational status
was only a substantial predictor at the individual level which suggested that relatjve
occupational status was unimportant for science achievement whiie the effect at the
class ievel was probably reduced by the strong prior achievement effect. Among the
attitude and practice measures, occupational and educational aspirations were stronger
predictors of science achievement at the class level, although educational aspirations
possessed substantial path coefficients at all three levels of analysis and cecupational
aspirations had a substantial effect at both the class and student level. These results
were consistent with the effect of compounding of aspirations that has already been
noted in high ability classes and the detection of effects between prior achievement and
aspirations and between aspirations and achievement at all levels of analysis thus
supporting the proposition that the grouping of more ab! students enhanced aspirations
beyond those levels predicted by achievement mena.ures only.

Liking for school and academic m.uvation were the only other substantial
predictors of science achievement at specific levels of analysis but the results were
generslly borderline. Overall, very few differences were detectable since many of the

predictors failed to influence science achievement at any level of analysis.

3 Effect of occupational status, prior achievement and attitude and practice
measures upon attitudes to science. It was with this set of path coefficients that the
least variation in results occurred between the levels of analysit Prior achievement had
a consistently strong path coefficient to attitudes to science. Occupational status was
not a substantial predictor of liking for science except for one borderline case. Most of
the attitude and practice measures appeared to iifluence attitudes to science in a

similar manner except for participation in pop culture activities which only damaged
attitudes to science substantially at the class level.
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Conclusion

The results and comparisons discussed on the previous pages mean that it is very difficult
to comment on the relative merits and appropriateness of different levels of analysis.
This is, in part, due to the similarity in the findings at all three ievels of analysis. As
such, the suitability of a particular level of analysis to the causal model cannot be
determined from the analyses carried out. Evi .nce of some of the problems associated
with Jifferent levels of analysis were observed. The strong relationship between prior
achievement and science achievement at the between classes level could be construed to
be a result of aggregation effects described hy Burstein (1980). Alternatively, t'us
strong offect could be interpreted as a purer measure of the relationship between prior
achievement and science achievement without the ‘nuisance’ effects «.aused by individual
differences that Blalock (1964) noted at the student level.

Although the comperison of different levels of analysis did not incorporate the
primary issue of class size, it did provide assurance that the setﬁq analyses considered
in the two previous chapters were suitable for an investigation of the class size question

since the results obtained at different levels of analysis generally supported each other. .

More importantly, the similarity between the results at the different levels of analysis
was tentative support that the measures used in the model were appropriate to all levels
of analysis. Although startling differences between levels of analysis mignt have been
more interesting, a consistency of results is nevertheless reassuring. Furthermore, some
of the small differences that did oceur between different levels of analysis have provided
some insight into the more subtle mechanisms acting between measures and, even if only
in a small way, has increased the understanding of the educational §et'ting.

-
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CHAPTER 8

RECIPROCAL CAUSAL MODEL WITH ATTITUDES AND CLASS SIZE

One of the major results presented in Chapters 5 and 6 was the consistent positive
relationship between class size and achievement. This finding contradicted the work of
Glass and Smith (1978). Although larger classes contained more able students, this result
was obtained aft? controlling for prior achievement and father's occupational status and
after adjustmeny for attitudes and, at the class tevel of analysis, the processes occurring
within the cly&froom. It appeared that class slzé, other things being equal, was able to
produce further achnevement gains. Moreover, these gains were distinct from any
influence of teaching practlces and the effect of superior attitudes because these factors
had been incorpcrated into the causal model.

it appea‘r_ed that the gains in achievement pessible in larger classes were more than
just a direct consequence of larger classes containing more able or hetter motivated
students, and therefore would ?J to be dependent upon certain other characteristics of

the students that formed the classes. It was suggested that the students in larger classes

inferacted with each other in some way to amplify achievement beyond the levels
expected from either prior achievement or home background. The implication was that
these interactions were a product of the way certain students were allocated to larger
classes, and the manner in which these classes generated superior aspirational levels was
leading to the reinforcement of achieveinent.

The criterion for allocating students to larger classes, apart Trom prior
achievement levels, was uncertain. Clearly, the attitudes of studen!s in larger classes
was sufficiently good for them to maintain a positive approach s their work. Although
no attitude measures were available at the commencement of the school year,
favourable attitudés appeared to be necessary for a student to function well in a larger
class, In dddition, favourable attitudes seemed to be important for a student to be
allocated to a larger class. The effect of class size vpon attitudes has already been
noted. In the presence of prior achievement controls, class size damaged attitudes to
science, although class size had a significant positive effect upon both a student's
occupational and educational aspirstions. There would appear to be a two-way

interactive relationship betweer class size and attitudes. The effect of class size upon

attitudes is well documented, but simultaneously, the attitudes of students seems to be
important in the formation of classes.

The' absence of any prior attitde measures made assessment of the effects of
attitudes upon the size of the class to which a Sstudent was allocated difficult. The use
of the attitude mea<—res obtained during Year 7 was not theoretically justifiable since
the temporal order of measurement was ndt fully consistent with the causal sequence of
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the model. The suitability of «.: attitude measure obtained during the year for use as an
antecedent measure of attitude would depend upon the stability of attitudes over the
time period of the investigat on. Since this time interval covered the important
tramsitional period from primary to secondary school, the use of the same attitude
measure appears to be even less defensible. For these reasons, it was not possible to
construct & causal model to assess the effects of attitudes upen class size directily.
Instead, the use of a reciprocal causal model was considered to be an appropriate way !>
approach the problem of interaction between attitudes and ciass size.

The distinction between a reciprocal or non-recursive model and & recursive causal
model is that the former allows for a two-way interaction between two specified
variables. The reciprocal model in this study recognizes that attitudes igﬂuence.class
size and, in turn, class size influences attitudes. The use of an interactive model does
not dispel the difficulties associated with using attitude measures obtained during Year
7. However, 1nstead of strongly asserting that attitudés measured after the classes have
been formed had influenced class size, the inferences are slightly weaker in the sense
that the reciprocal model simultaneously considers effgcts operating in both directions.
Furthermore, the model would contain the indirect effects of prior achievement and
occupational status upon class size through the attitude measures.

A non-recyrsive causal model incorporating the interaction between class size and
attitudes as well as prior achievement and occupational status is presented in Figure
8.1. The model was developed from an example given by Hauser (1973) of an interactive
model in a sociological setiing. The model only counsiders science ciasses since no prior
achievement measures were available for mathemat.cs. iIn addition, five attitude

measures were identified in Chapter § as inﬂuencin‘g achievement after allowance had

_been made for differences in class size. The five attitudes were occupational and

educationar aspirations, academic motiv;ation, participation in mathematics and science
activities and liking for school. These five at?itude measures were considered in the
nor_x-recur}sive causal model. Achievement outcomes were not included since this
non-recurs:ve model could be superimposed upon existing achievement models. The path
coefficients between the variables in the model and science achievemgnt would not
change as a consequence of the introduction of a reciprocal link between attitudes and
class size. '

The crucial feature of the reciprocal model which permits thie estimation of the
effects of attitudes upon class size and viee versa i3 the assumption that father's
occupational status only affects class size indirectly. That is, father's occupational

status nfluences class size through its rvelationship with prior achievement which
directly affects class size and also by an indirect influence through attitudes. The
number of path coefficients to be found and the number of _correlation coefficients
available for substitution into the regression equatlons-required the deletion of one




Occupational Status Prior Achievement

Attitudes Class Size

Figure 8.1 Reciprocal Causal Model Relating Attitudes and Class Size

-

causal path and the use of an instrumental variable formed as a consequence of the
proposed deletion. The direct influence of occupational status upon class size appeared &
highly plausible one tc temove. Thus, father's occupationai status acted in the revised
model as an instrumental variable. The validity of omitting this path depends clearly
upon the strength of the observed relationship between occupational stutus and class
size. The model would not be valid if this observed rélationship were too great.

Calculation of Path Coefficients in a Reciprocal Model

Because of the reciprocul effect, the path diagram ne longer provides accurate guidance
in writing regression equations and greater rellance must be placed upon the application
of the basic theory of path analysis. The major equations for the model are:

Xy=Pgp Xp* Pyg Xy 04 By (0

X3= gy Xy *0yp Xy Dy Xyt 0y E, @
It must be assumed that

Ta1™ l'az " b2 = Tab = 8.

By considering equation (1), expressi ns for the correlations of X4 can be written:

F41 = Pgg T1 * Pg3 T3y

42 Pyg * P43 T3




These are not the normal symmetric equations of multiple regression' analysis, but they

can be solved for Py and Py3 By considering equation (1) again, thc following
expressions can be obtained:

Ty3 = Pyg Fo3 + Py3 * Py Fpge AN

Th3 ™ P3q Tgp
whence,
T43 = Pyg Tog * Pyg ¥ Pyp Pyg Typ ' )

Also, we find that
Tga = 17 Pyg Pa4 * Pyg T34 * Py Tog @) .
Rearranging equations (3) ard (4), Py is obtained as

P34 = ry3 - (pgg v23 * Pg3)
1-(pyy Toq + Pyg Tgy)

By applying the basic theoreni to equation (2) to find the correlations of ¥ 3 with the
other variables and by shifting terms involving P34 to the left hand side, the foliowing
equations are obtained: ' '

ryy = Pgq T4 = P31 ¥ P3g Ta) (5)

Fag P34 F42 7 P33 T2 * Py )

Since p,q and all the correlation coefficients are known, equations (5) and (6) may be
solved for P3y and Pgg Hence, al) path coefficients in the model can be calculated.

The path coefficients of the non-recursive causal model for each of the five
attitude measures at both the class and individual student level were estir  J using the
equations summarized above.

- .
Level of Analysis: Between Classes

The correlation matrix between all the measures at the class level is presented in Table
8.1. The coefficients were obtajned using the average of each variable for the 72
classes. The most notable feature of the correlalion table was the large correlation
between occupstional sta'us and class size, The magnitude of the link between these
two measures (r = 0.38) suggested that the basic aasumptions of the reciprocal model
were violated at this level of analysis.

~——
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Table 8.1 Correlation Coefficients between Reciprocal Model Measures at the

between Classes Level

Occupational Prior Class
N =72 status achievement size
Prior achievement 0.79
Class size 0.36 0.56
Occupational "aspiratious 0.76 0.79 0.57
Educational aspirations 0.83 0.90 0.59
Academic motivation 0.33 0.29 0.24
Maths/science activities 0.34 0.37 0.17
Like school - 0.38 0.45 0.28

Level of Analysis: Between Students

. The ccrrelation matrix obtained from the measures at the individual level is presented in

Table 3.2. The table was obtained by considering the measures for all 1986 students used
in the study. The correlation coefficient between occupational status and class size was
trivial (r = 0.08) and ind{cated that only a weak link existed between these measures at
the between student level. Therefore, it was possible to use the .eciprocal model with
soine confidence since the basic assumptions appeared to be satisfied.

The path coefficients obtained from the equations developed earlier in this chapter
are presented in Table 8.3. The path cogfficlients are very similar to those in the
ordinary csusal model discussed in Chapter 6. Prior achievement influenced class s.ze
and all attitudes except academic motivation. Occupational status had an effect on all
attitude measures except for participation in mathematics and science activities.

For the réciprocal effects, all five attitudes had positive path coefficients towards
class size, but the effect was weakest for the two aspirational measures. Although this
statement Is dependent upon the stability of the attitude measures, there was support for
the claim thet students with favourable attitudes were placed in larger classes. This
effect was distinct from the influence of prior achievement levels. Inreverse, class size

)

.

Table 8.2 Correlation Coefficients between Reciprocal Model Measures at the
between Students Lavel

Occupational Prior Class
N = 1986 status achievement sizz
Prior achievemeat 0.29 .
Clasa size 0.08 0.20
Occupational saspirations 0.28 0.25 0.16
Educational aspirations 0.38 0.44 0.23
Academic motivation 0.11 0.07 0.05
Maths/science activities 0.07 0.10 0.00
Like school 0.13 0.15 0.07
K
Q £\
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Table 8.3 Path Coefficients for the Reciprocal Causal Model Relating

Attitudes and Class Size ar the between Students Level @

Occupational Prior Prior
status achievement achievement
to attitudes to attitudes to class size
N = 1986 p31° P32 P42
Occupational aspirations 0.22 0.18 0.18
Educational espirations 0.27 0.34 0.17
Acadenic motivation 0.10 0.07 0.19
Maths/science activities 0.05 0.17 0.16
Like school 0.10 Q.15 0.17
Attitudes to i} Class size to
class size ) attitudes
P43 P34
Occupational aspirations 0.09 0.03
Educstional aspirations 0.07 0.09
Academic motivation 0.19 -0.16
Maths/science =ctivities 0.42 ~0.45
Like school 0.20 -0.17
8  path coefficients greater than 0.10 are underlined.

did not have a substantial ‘effect upon educat:onal and occupational aspirations.

However, students from larger classes had iower levels of academic motivation and
hking for schooi and spent less time participating in mathematies and science activities.

In relative terms, these results were similar to those presented in Chapter 6, but the
detrimental effect of class size upon certain attitudes was more prenounced in the
reciprocal model.

The path coefficients obtained from the causal model presented in Figure 8.1 can
be combined with the results obtained from the model given in Figure 6.1 to form a
complete occupationsl status, prior achievement, attitude, tlass size and selence
achievement model included reciprocal paths between attitudes and class size. This
complete model Is presented in Figure 8.2 and gives the most extensive picture of the
class size issuz, at least at the individual level since classroom processes were hot
considered in the model.

The results from the non-recursive model emphasise the differences between the
aspirational measutes and the other attitude measures. Larger classes enhanced
aspirations shghtly while they damaged other attitudes. As such, the student's
aspirations appeared to profit marginally {rom the increased diversity and competition
provided in large classes. There was thus some evidence that well-motivated, as distinet
from rhore able students, were placed in larger classes. However, this result should be
treated with some caution due to the lack of a clearly defined temporal sequence in the
measuremant of the attitude variables. The manner in which School Principals or Year
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Prior Achievement

Occupational
Status

Attitudes

Science Achievement

Figure 8.2 Reciprocal Causal Model with the Effects of Attxtudes and Class
Size upon Educational Outcomes

Co-ordinators perceived these attitudinal differences between students in the absence of
formal measurements was also uncertain.

Summary and Conclusion

The result that remained inconsistent with the expected findings of the study was the
positive relationship between class size and achievement. Must other findings.have been
either consistent with previous research or intuitively acceptable. The desire tc explain
this link has led to the inclusian of attitude measures into the model to assist in refining
the link bet #een class size and achievement. The attitude measures weakened the link
but class size remained a significant predictor of achievement. Although additional
predictors may further reduce the size of the path coefficient, the inclusion of other
measures is hard to justify in terms of the nature &f the model. The suggestion that
larger classes containing more able students led to increased achievement gains has been
confirmed in two regards by the reciprocal model. As has already been noted several .
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times, larger classes enhance th. student's aspirational levels and in turn, improved

aspirations enhance achievement.

Alternatively, the possibility that students with favourable attitudes were
allocated to larger classes wouid seem te suggest that these students were more capable
of handling the classroom environment that they encountered in larger classes and
therefore the effects of large classes might nat detract from their achievement levels to
the same exteqt as suggested by Glass and Smith (1978). All these suggestions are
1ntended to support the earlier proposition that the assembling of more able students,
usually into larger classes, had the affect of producing a class atmosphere of
competition, stimulat.on and a general desire to learn whiun gave rise to a group effect
beyond that of the ability of the individual stucients.
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CHAPTER 9
MULTILEVEL ANALYSIS OF CLASS-SIZE DATA

In the previous chapters the data available from the Australian Capital Territory Year 7
population of students in the 15 schools in 1969 have been examined at three cifferent
levels of analysis: between classes, between students, and between students within
classes. The findings from these analyses have shown that, while there were many
similaritics between the results obtained at the three levels, there were also some
interesting differences. Thus it would appear that the issue is less one of choosing an
appropriate unit of analysis for the data, but rather of the conceptualization of the
problem and the identification of research questions that might be answered by using one
or more levels of analysis. However, it is also possible that alternative approaches to
the analysis of data might be found which would combine anelyses at different levels in
order to make full use of the different types of information that had been obtained from
classrooms, students and from the students relative to the classroom group in which they
were placed.

In searching for alternative strategies for the examination of data that had been
collected at different levels, it was important to recognize (see Linn and Werts, 1969)
that prior effects, including both home background characteristics and prior
achievement, not only influenced very significantly final performsr - but qlso teaching
behaviours, classroom characteristics and the behaviours of the students both within and
between classrooms. Unless appropriate allowance were made both for the influence of
prior effects on final achfevement and for the influence of prior et“fects on the
treatment or mediating conditions in the classroom and thus on final performance, the
analyses carried out would be of questlonable'value (see Keeves and Lewis, 1983). As
argued in earlier chapters the use of some form of regression analysis, or an quivalent
type of analysis such a path analysis Is desirable, because the dats were collected
without randomly assigning students to classrooms and classrooms to treatments. That
is, the data were derived from a natural setting and not generated through an
experimental design. Burstein, Linn and Capell (1978) have suggested that the slopes

obtained from the serles of between students within clusses regression analysec could be
considered as outcomes in the muitilevel analysis of such data. The origine, of this
approach are uncertain, but the idea of undertaking regression analyses in which the
dependent variables sre the regression coefficlents that have been obtained from other

regression analyses conducted at a lower level of analysis has been recognized for many
years by soclal Science research workers, econometricians, and statisticians. However,
only recently has this strategy of analysis been discussed by research workers In
education (see Cooley, Bond and Mdo, 1981) and it does not appear to have been .
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employed for the analysis of data obtained from schiool and classroom studies. A possible

reason why it has no. been used s the obvious difficulty likely to bz encountered in
interpreting the results obtained from such analyses. Furthermore. the degree of
sophistication required of users in order tc cope with the treatment of multilevel
analysis has clearly made the use uf such approaches very difficult for nen-stat.sticians.
Nevertheless, thiis commonly encountered problemn in educational research wnere data
are available at two levels . f observaticn {for example, students and the classrooms or
sci.wols to which they belong) suggests that the use of the procedures of multilevel
analysis should be investigated within the context of educationa! research.

The Framework of Multilevel Analysis

In this treatment of multilevel analysis the foru.ulation advanced by “Mason, Wong and
Entwisle (1983) has been followed. The data avsilable in this present study were
collected at two levels of observation; at the student or micro level and at the higher
classroom or macro level. It is assumed that student performance at the micro level
depends on such factors as the prior effects of home background and prior achievement
as well as stuuent ettitudes. and that the influence of these determinants at the micro
level will vary systematically with the fixed effects context variable of class size. In
this way student performance is seen to be influenced indirectly by class size.
In this statement we assume that there are the {ollowing variables:

one micro level response variable - final achievement {Y)
three micro level regressers - prior achievement (Xl)

- father's occupation (XZ)

- student attitudes (Xs), and
one macro level regressor - class size (Gl)'

The micro level equation may be stated:

Yij = by * byXq45* ba¥Xaij* bay¥aij * €4 W
where j = 1l..,J for ciassrooms;
i = L., nj for students within classrooms;

=J

N = JZ nj for the total number of students; and
F1

EU = random error at the micro level.

At the macro level the equations may be stated

= ¢ ot C.,G,. ta (2)

b 00 * S01%15* *oj

0j
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= I

blj 010 + c“.azj *(R!i (3)
Bgj = Cap * C91Gp; " gy (4)
byj = e39 * €3Gyt xg; (53

where akj = random error at the macro levei fork = 0,1,2,3.

These equations are written with the usual assumptions associated with the rank
condition, and with the error terms at the micro level independent of the errors at the
macro level. Equations (2) to (5) represent the effects of the contextuxl variable ~ piass
size (G ) on the four parameters of the miero level model, and it is assumed that ones
the systemahc component associated with class size has been removed from bO’ by,
b2’ and b their resulting variability is strictly random.

A single equation can be stated for the multilevel model by substituting equetions

(2) to (5) in equation (1), -
Yij = o0 * 01815 * 10X 135 * €11%1i;6;
°2oxzij 21x2iJGlJ ¢30 %3
313101 (6)

IJ
This equation has no unusual estimation or computation problems and analysis can
proceed using ordinary least squares regression analysis. However, the analysis must be
carried out with caution because Mason, Wong and Entwisle (1383} have presented a case

where unsatisfactory results were obtained with such an analysis and where a Bayesian
perspective yielded results which would otherwise have remained hidden.

Some Issues of Analysis

The analyses can be carried out at the micro level with .ae, two or, three predictor
variables included in the regression equaticns. The number of students in the classrooms
for which comnplete data were held, with the exception of one classroom, ranged from 15
to 45. However, one classroom contained too few students for effective regression
analysis with three variables and was deleted from the analyses at the micro level. Thus
instead of the 72 classrooms included in the analyses in the earlier chapters there were
only 71 classrooms which provided dJata for the subsequent analyses at the macro level.
In the presentation that follows, the analyses at the micro level have been undertaken
successively with prior achievement In sclence slone as the predieter variable, with prior
achievement in science and father's occupation as the two predictor variables, and with
prior achievement in science, father's cccupation snd educational aspirations ay the
three predictor variables in regression analyses with final achievement in science as the
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ersterion variable. Educational aspirations was chosen as the most powerful of the
measores of students' attitudes from the analyses presented in earlier chapters of this
report, and as the variable, from among the flve attitudinal variables, most likely to
hrave a stanie and substantial effect.

A question arises as to whether to use the standardized or the unstandardized (or
metrie) regression coefficients obtained from the analyses at the micro level as the
oriterton vaciables for the analyses at the macro level. It must be recognized that the
stundnxhaed regression coefficients have been calculated making allowance for the
varianeces and covariances of the variatles included in the regression model, as well as

the vaviances of the variables not included in the model but included under the error

term. Thus these ccefficients may be compared across the same sample but not hetween

samgies. Howaver, the unstandardized regression coefficients remain relatively stable
across different seitings or samples and therefore can be used for the purposes of
generalization acrcsz settings and sempies (Pedhazur, 1982). In this study, it was
propose ' Lo compuare the regression coefficients scross 71 classroom settings and thus
the unstanaardizad vegression coefficients had to be employed.

Opiy final achievemen: tn science has been used as the criterion variable in the
analyses which follow. While a multilevel examination of the factors influencing science
gttitmies would have teon of some value, it was the strong and persistent effect of class
sze o ach evesnert n scleace that was seen to be of greatest interest. Not only was
this reistionship of interest as a substantive question, but also the_strength and
consiatzucy of the relationships reported at all three levels of analysis suggested that the
present siteal.ot in vhich the contextual variable of class size was found to be related to
scietce ashieveinent was an appropriate one in which to examine the usefulness of such
snalytical procedures.

Macro Level Regression Ansiyses of Class Size Data

The ressits of the macro level regression analyses of the effects of class size on the
regression coefficients obtained st the micro level with three, two and one of the
predictor varlables included in the regression equation are presented in Table 9.1. Levels
of significance are recorded at the 10 per cent, {ive per cent and one per celit levels, and
both the standardized and unstandardized or metric coefficients are reported for each
analysis of the set of 71 unstandardized or metric coefflcients obtained by analyses at
the micro level.

In the analysis of the three predictor model, with prior achievement in science,
father's occupation and educational aspirations as the predictor varlables and with final
achievement In science as the criterion variable, it is observed that only the regrassion
slopes for prior achievement are significantly related to class size. The standardized
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Table 9.1 Macro Level Regression Analyses of Class Size Data

Significance Standardized Metric

N =71 ) F regression regression regression Inter-
Regresesion slope value coefficient coefficient coefficient cept
variables F(1,69) P by Cr1 Cro
Three predictor model

Intercepts 0.08 >0.1 0.033 0.034 12,64
Slopes for prior

achievement 3.35 <0.1 0.215 0.014 0.59
Slopes for father's

occupation 0.79 >0.1 0.107 0.019 -0.89
Slopes for educational

aspirations 0.06 >0.1 -0.029 -0.004 0.72
Two predictor model

Intercepts 0.34 >0.1 0.070 0.068 13,62
Slopes for prior '

achievement 6.46 <0.05 0.293 0.018 0.53
Slopes for fathdr's

occupation 0.28 »0.1 0.064 0.011 -0.76
One predictor model

Intercepts - 3.53 <0.1 0.220 0.170 9.09
Slopes for prior

achievement 8.26 <0.01 0.327 0.021 0.50

regression coefficient of 0.215 is both substantial and significant, if significance testing
is considered appropriate in the analysis of data that comprise almost a total population.
In addition, it should be noted that while the standardized regressloﬁ slope of 0.107 for
father's occupation is not signiﬁcént, and the F value is less than one, the slope might be
considered substantial in terms of the criteria specified in earlier chapters of this report,
namely, exceeding 0.1, since in excess of one per cent of variance is explained. Under
these circumstances it would seem appropriate to eliminate the least sigpiﬂcant
variable, ngmely, educational aspirations, from the regression analyses at the micro level
of between students within classrooms and repeat the analyses with only two predictor
variables.

In the analyses of the two predictor model with educational aspirations excluded,
the results obtained are similar to those for the three predictor medel, except in so far
as the relationships assoclated with father's occupation at tiie maero level are of reduced
size and are no longer substantial. In addition, the relationships for prior achievement in
science are significant at the five per cent level and the stangrdized regression
coefficient has increased to 0..83. The evidence from these analyses indicates that the
model would he improved by the deletio‘n of a second variable, father's occupation, from
the analysis at the micr) level, thus reducing the model to a one predietor model in the
analysis of the achieve ment in science of students within classrooms.
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With only prior achievement in science as a predictor in the analyses at thc micro

level, it is found that there is a significant relationship Letween class size and the
intercepis at the 10 per cent level with a substantial standardized regression coefficient
of 0.220. 1n addition, there is a highly significant relationship between class size and the
slopes of the regression lines for prior achievement 1n science at tie one per cent level
vand with a standardized regression coefficient of 0.327. Nearly 10 per ceat of the
variance 1n the slopes of the regression lines is accounted for by differences in class size
in this analysis at the macre level.
It is of interest to express therse significant and substantial relationships in the
single multilevel equation:

= 9.09 + 0.17G; + 0.50X.. + 0.02G.X..
J 1) I

ij
where ?ij = fitted final achievement in science of student i in class j
Gj = size of class j, and
xij = prior achievement in science of student i in class j

This equation is highly informative since the positive coefficients for Gj and ijlj
indicate that not only is there an effect associated with class size, such that the larger
the class the greater the student’'s level of final achievement, but that th is also an
interaction effect such that for students of e higher level of initial achievement there is
a greater advantage associated with a larger class size.

An Interpretation of Results

In discussing the results obtained from the analysis of the data for the one precictor
model, it is noted that the residual effect for a class group associated with finat
achievement 1n science after allowance has been made for initial achievement in science
1s greater where the size of the class group is greater. Thus the final performance of
students in larger classes is greater even after the students' scores have been adjusted
for prior perforinance. These findings are consistent with results presented earlier in
this report.

In addition, it is noted that the slopes of the

regrg;sxon lines in the regresion analysis of final achievament in science regressed on

prior achievement in science are greater in larger classes &rd less in swaller classes.
Thus 1n the period cf one school year between when the initial final achievement
tests in science were administered, it was in the smaller classes \;lh there was an
effect associated with the attainment of more equal educational outcomes between the
higher and lower performing students. Moreover, it follows that in the larger 2lasses
there was an effect associated with the %{tainment of a greater divergence in

performance between the higher and lower peifforming students. In larger classes, the
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'good get better and the poor get worse' relative to their classmates. It would be

tempting to suggest that from .these analyses of the slopes of the regression lines
presented above, a strong case could be advanced for the establishment of smaller
classes, because such classes wwlh seemingly promote greater equality of outcomes,
while larger classes would give rise to a greater inequality of outcomes. However, it
must also be noted that in larger classes there . an overall gain in average level of
performance of the students in the class group. onsequently, it would be the relative
magnitudes of these two effects for a student, namely, class size and relative
performance of the student within a class that would determine whether the student
would fare better in a larger or smaller clgss group.

The multilevel analyses of this /Sﬁ{ of data with respect to the influence of class
size, while permitting the effects of class size to be more accurately estimated, do not
necessarily provide a greater underétanding of the way in which class size worked to
influence achievement in the science classes in the Australian Capital Territory at the
Year 7 level in 1969. Beyond the fact that within smaller classes there is a trend
towards greater equality of outcomes, and that within larger classes there 1s a trend
towards a greater divergence in outcomes (and these are results that intuitively make
sense), there is no further understanding provided as to why such effects might have been
observed.

The relationship between father's occupation and final achievement, after
allowance has been made for both prior achievement in science and attitudes of
educational aspirations, are of less consequence. They are essentially similar 1n kind to
those recorded for prior achievement and the trend in the results nevertheless is worthy
of comment. Class size is positively related to the slopes of the regression lines for
father's occupation as a variable in the between students within classes regression
analyses. Thtis in the larger classes it is those students from higher status homes who
gain in performance during the school year and those from lo;/ver status homes who
decline in performance relative to their classmates during the year. Moreover, in
snaller classes there is greater equality in outcomes between students from high and low
statu; homes. These trends would scem to suggest that smaller classes are associated
with equalizing outcomes. However it must again be noted that associated with larger
classes there is a gain in the average level of achievement in science of the class group.

Summary and Conclusion

The analyses reported above have been undertaken with some reservations for the
strength of the statigtical procedures employed. Although the analyses have not
pT-ovided a further understanding of why class ize is having the effects that it would
appear to be having, they have yielded a more detailed cccount of how class size
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operates in relation to student achievement in science. n addition, the analyses have
provided more accurate estimates than were available from previous analyses of the
relationships between class size and achievemant,
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CHAPTER 10

CONCLUSION

The purpose of this study was to examine the ways in which class size affected other
facets of the educational environment of the classroom. In particular, it was intended to
assess the work of Glass et al. (1982) in & specific classroom setting and provide an
explanaticn for their findings. In their wbrk, meta-analysis techniques were used to
summarize the diverse and often contradictory findings of class size research. Glass and

associates condensed their findings into a series of graphs relating class size with
both achievement and affective outcomes. In the circamstances considered, they found
increased class size to be detrimental to the student's achievement and attitudes, and
alsc to certai- aspects of the educational environment. .

This study concentrated upon the 1969 Year 7 population of Canberra. Data
collected by Keeves (1972) was used throughout the study. The performance of students
was assessed by achievement tests and attitude scales. H®me background information
was obtained [rom a questionnaire and the oclassroom environment in science and
mathematies classes wac heasured by interviews with teachers as well as by direct

classrcom observation. This information covered the background and practicvs of the
classroom. The data provided information on the types of students and teachers, and the

achievements and attitudes of students as well as on the activities pursued in the
classroom for a wide range of class sizes.

Twelve Propositions Arising from the Study

Owing to the large number of classroom mieasures derived {rom the data, it was decided
to sift through these vanables and to consider only those that changed substantially with
class size. This sifting pe Ocedure provided a shorter, but more useful, list of measures
which were related to class size. These measures, in conjunction with information on
antecedent variables concerning both home background and prior achievement, on
criterion measures, achievement and attitude outcomes, and on class size were then
considered in a series of causal models for both science and mathematics classes at
different levels of analysis. Using regression analysis, the strengths of the relationships
between these measures were estimated. A list of the major propositions which have
resulted from the study is now presented as a summary of the findings. Each proposition
is accompanied by a brief commentary. A more detaiied description of the reslu]ts was
provided in the preceding chapters.

v

1 Classroom practices did not vary greatly with class size. The effect of elass size

upon teaching practices was greater in mathematics' than science classes, but for both
)
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subjects, only a few of the variables associated with classroom practices were strongly
related to class size. This confirmed the reports of Ryan and CGreenfield (1975).
Reducing class si1ze did not lead to dramatic changes in classroom practices. Instead, the
teacher's own individual style appeared to be the main factor determining classroom
activities. It seems that the teachers had not been taught how to exploit the
opportunities that smaller classes provided and that teacher training concentrated upon

the development of skills appropriate to classes of 25 or more students.

2 More able students were placed in iarger classes. This proposition is supported by

two factors known to be used in the allocation of studeats to ciasses. Remedial classes
have been traditionally small and year do-ordinators h: ve probably bDeen more prepared
to tolerate class size creeping up if they knew that the class contained more able
students. A majority of the classes in the study were from schools using streaming
procedures.

3 The classtoom practices that changed with class size had little influence upon

achievement outcomes. After controlling for prior achievement, father's occupation

and class size, .only a hahdful of the variables selected as being related to class size had
a recognizable influence upon achievement levels in either subject. This seems to imply
that the differing activities which resulted from changes in class size did not lead to
achievement gains. This observation does not relate to all ¢lassroom practices, but only
those that changed with class size. Previous research (Smith and Glass, 1979) had
suggested that students in small classes would be more likely to pérticipate in such
¢ activities as udividualized and smaal group work which would enhance achievement. The
small variation in teaching style for differing class sizes was a probable explanation of
the lack of influence of teaching practices upon achievement. Only w#hen more teachers
are using techniques appropriate to small classes could we expect to find greater changes
in achievement levels.

4 Classroom processes that changed with class size influenced the students'

attitudes. The activities that teachers were able to pursue in classes of differing sizes
did change student attitudes towards the subjects of science and mathematics. The
effects of classroom practices upon attitudes were substantial, although not strong, for a

number of classroom practices. 1t appeared that teaching practices which changed with
class size could influence student attitudes although they did not influence achievement.
The varying use of reward and punishment, support for studeats and the level of
individual contact in smaller and larger classes were among the important practices
influencing student at titudes towards their subjects.

5 Meaningful results could not be obtained from the causal modéls unless prior

achievement measures were present. Particularly for achievement outcomes, a prior
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achievement measure was necessary to account for sufficient variation in final
achievement to make the other.path coefficients meaningful. In the absence of a prior
M achieverrent measure, father's occupational status accounted for little variation 1n final .
\ achievement and this led to ’the other path coefficients in the model acquiring inflated
values. This forced the discussion of the analyses to be restricted to science, classes
since prior achievement measures were not available for mathematics classes. The same
effect was true for attitudinal cutcomes although it was not as pronounced since the
relationship between prior achievement and attitudes was not as strong as between prior
achievement and final achievement,

] Larger classes had enhanced occupational and educational aépimtions. Although
the relationship was not always strong, there was a consistent positive relationship
between class size and these twc aspirational measures in analyses at both the class and

student levels. It was suggested that the gen=2ral atmosphere formed by the assemblage
of able students heightened student aspirations since such students interacted with other
students also with high expectations.

7 Strong and favourable atlitudes enhanced achievement levels. This observation
might seem obvious but it warrants mentioning since attitudes, when considered in
several models, helped to explain variation in echievement levels in circumstances where
class size was producing a substantial positive influence upon achievement. Although the
inclusion of attitudes ir the causal model did not eliminate the link between class size

and achievement, attitudes were important predictors of achievement. Attitudes were
related to achievement at all three levels of analysis: between classes, between students
4 and between students within classes.

8 Larger ciasses showed enhanced achievement levels. This represented the most

controversial finding of the study. It should again be noted that this observation was
made after controlling for prior achievement, father's sccupation and attitudes. The
original intention of the study ‘was to look more specifically at the activities occurring
within small and large classes. As already noted, an examination of the activities in
classes of differing sizes produced little of consequence beesuse of the similarities in
teaching styles and practices in classes cf differing sizes. This proposition clesrly
contradicts the finding of Glass and Smith (1978) that large classes inhibit achievement
ievels,

In Chapter 8, an attempt was made to explain this observaticn in terms of the
types of students whe were allocated to large classes. Using a non-recursive model,
some evidence was obtained to suggest that students with both higher ability and
favourable attitudes were placed in larger classes. As has already been suggested, the
congregation of able students in larger classes appeared to amplify achievement to

hngher levels. it is contended that in larger classes & superior classroom atmcsphere was

~
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possible because a higher proportion of the class were able students and this permitted
the class to progress at a greater rate, The original study was primarily concerned with
low inference activities within the classrcom and therefore it did not contain high
inference measures designed to assess the learning environment of a classroom. “ore
specific measures of the way that students approached their werk would be needed to

assess this claim more accurately.

9 Increased class size has a detrimental effect upon student atilitudes towards

science. Because this resuit was only noted in the presence of prior achievement
ineasures, the propoeition was only examined for science classes. It was supported at the
class level in Chapter 5 and at the student level in the non-recursive model presented in
Chapter 8. This result supported the findings of Smith and Class (1979). However, the
specific activities in laiger classes that damaged students' attitudes to the subjeet could
not be 1dentified since the teaching practices that enhanced attitudes were often more
prevalent in larger classes. This proposition refers only to science classes, yet
mathematics classes were considered to be of more interest with regard to teaching

practices,

10 Suniar relationships between most varighles in ihe causal models were obtained at

all levels of snalysis. Analyses in conjunction with class size were conducted at the

class and st;xdent level, Additional analyses for the purposes cf comparison were
conducted at these two levels as well as at the student within class level, Although some
differences were cbserved and noted in Chapter 7, the similarity of the resllts at
different levels proviaed confirmation of the findings with respect to the effects of class

size.

11 The choice of an appropriate unit of snalysis should consider the conceptuslization
cf the problem and the specification of tie research guestions. Notwithstanding the
reporied s:milacity of the results obtained at the different levels of analysis, snime

differences wers found that provided insight into the subtle mechanisms acting between
variables and the factors measured by those variables. Thus s an understapding
develops of the action of fa~tors at different ieveis of observation, and the coliection of
data from .reetments and through sampling af different levels of operation, !t is
necessary to give Greater attention to the cenceptualization of the problems being
«nvestigated and to the clearer identification of the research questions to which an~wers
are being sought. In the tighter specificatica of propositiens and hypotheses for
ivestigation, 1t would seem essential that the approprlate ‘uniis and levels of sralysis
should be stated. Without the specification of leveis of analysis prisr to the examination
of data, significant dangers arlye in the wgm interpretailon of findings which ure
associateu with the.effects of bias i botn the aggregcit!on and disageregation of data.
The problems of dissggregation of data, where the i’accprs asscciated with dizeggregated
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data do not apply equally to all members of a group have had to be carefully considered
in this report. However, it has been argued that class size is a contextual factor that
cperates equally with respect to all members of a class group.

12 Smaller classes are associated with more equal achievement outcomes. A

substantial positive relationship between class size and the regression coefficient
between prior and {'nal achicvement in science would seem to suggest that larger classes
give rise to a greater variability in achievement and hence smaller classes produce a
lower variability in achievement whir', could be assosiated with the attainment of more
equal educational outcomes. It shoqld be ren:cinbered that this result refers to the

variability, and not the level, of achievement and that larger classes still appear to
enhance achievement levcis.

Implications for Future Research

Although these twelve propositions may represent the major findings of the study, many
other findings of interest have been reported throughout the previous chapters. Instead
of providing {urtuer comments upon these results, it would be preferable to sddress two
of the major findings in the sense of suggesting further Investigations necessary to
clarify some of the propositions already stated. The lack of importance of the process
dimension must be reconsidered. The general observation that teachers rarely adjust
iheir teaching style for changes in class size may have been true in 1989, However, it is
possible that the in-service and teacher training seen to be necessary has occuired, and
it ic important to ask whether teachers now modify their behaviour in response to
changes in class size.

The procedure that Keeves (1972) used to assess the process dimersion would still
be relevant although several items could be added to make the instruments more
censitive for assessing individualized instruction. In particular, measures of individus!
and independent work by students must be included to assess the activities of individual
students within the class as distinct from the activities of the entire class. This
modification would seem desirable since it has been noted that not all students within a
given class wou!d share equally in the learning experiences provided. By investigating
some of these issues, it should be possible to re-assess the effects of class size upon
teacher and student pehaviours.

A more central question which requires explanation is the positive relationship
between class size and science achievement. Although the findings of this investigation
are supported by other previous studies, they contradict the work of Glass and Smith
1978) which has suggested that cluss size damages achievement levels. Why were the
findings for the group ol students or classes considered in this study so different as to
contradict the research of Glass and Smith? {n pacticular, what activities or practices

-
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occurred in these classes to produce the conflicting results® The most plausible
explanation would seem to involve the effects of grouping more able students in larger
classes, but the findings also reported achievement gains beyond those expected solely
from a consideration of differences in achievement levels.

Reference has been made to that largely undefined factor of ‘lassroom climate
which was elleged to enhance both competition and the student desire to learn,
Classrcom climate is harder to measure than classroom practices because it clearly
reaches into the affective domain of the classroom. Several issues associated with the
climate of the classroom were considered in Chapter 8, but a more extensive list was
prescribec by Smith and Glass (1979) during their summary of class size snd affective
outcome research. The measures that were cansidered in this present report sought to
assess all the facets of student interest in their subject, their schooling, their famiiy and
their peers and )t was also propesed that these interests should he related to the
activities that they pursued at school and at home. The intention was tc identify exactly
why belonging to a class containing able students should make students perform better
than previous achievement tests suggested that they could. By thoroughly investigating
the affective hinks within a classroom it was hoped that the improved achievement levels
observed In larger classes could be n.ore fuily understoed. Clearly, further work is
required.

In concluston, this study has attempted to identify wne factors associated with
variation in class size and their influence upon educational achievement and attitudes.
That the findings have not agreed with Glass et al. (1982) is proof that their summary
work has not put the eclass size issue to rest. An explanation of their findings and the
findings of this study 1s still very unclear. The reasons why & patrticular class size should
produce achievement gains or losses still remains obscured by the diversity of activities,
personalities and materials available in a single classroom. The findings of this study
point towards a need for the continued examination of both the process, and particularly
the attitudinal dimensions of the classrcom, It is clear that an increased understanding
of these features of the classroom is a necessary Step towards teasing out the
relationships between class size, teacher activities and 3tudent motivation, all of which
appear as central themes of the class size question.
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APPENDIX I
LIST AND DESCRIPTION OF AVAILABLE MEASURES

In Chapter 3, reference was made to a list of variables employed and reported by Keeves
(1972). These included performance on achievement tests and attitude scaies, teacher
and classroom characteristics and a set of classroom observation measures. To indicate
the nature of the assessment of the classroom environment, a complete listing of the
variables is given below using the variable title used in this report. In addition, a brief
description of the measure including its direction, type and scale is provided.

This Appendix is restricted to a description of the maasures employed. Reliability
coefficients, wherever appropriate, are quoted in Appendix I in connecticn with a
discussion of the relationship between each measure and class size. Furthermore, this
Appendix prescits only a brief summary of each measure. A fuller description has been
provided by Keeves (1972, 1974a, 1974b). To facilitate easier consideration of the
variables, the measures are categorized in the sume manner as used by Keeves (1972).
The variable name as used throughout the study is given, followed by a description.

1 Home background, achievement and attitude measures

These measures were cbtained from a general information questionnaire,
achievement tests and altitude scales that were given to each student. Throughout
Chapter 5 and for several analyses in Chapters 7 and 8 these measures were

aggregated to form class averages. This was necessary where the class was used as
the unit of analysis,

Sex of class. Coded on a two point scaie with boys (1) and girls (2),

Ethnicity of home. The student's response to the question In which country were
you born®' wias coded into one of the following six categories. Over 80 per cent of
responses were coded as (1).

1 Australia

()

britain or New Zealand
English-speaking Commonwealth country

3
4 English-speaking non-Commoriwealth country
5 Non-English-speaking European country

6

Non-English-speaking non~European country

Father's occupation. The students were asked their father's occupation,
Occupations were coded using a 6-point scele developed by Broom, Jones and
Zubrzycli (1985 and 1968) with a small residual group of unclassifiable responses.
The categories and assigned scale values were as follows:
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Table A.1 Results of Analysis of Variance of Father's Occupatior Categories

with Prior Achievement in Science
Sum of -
df squares Mean square F-value Significance
Occupationa! categories 6 6544.6 485.9 32.4 p < 0.091
Error 1979  20808.6 15.0
Total 1985  32623.7

Criterion s

cale value

Occupational categorvy N Group mean assigned
Unclassifiable 49 10.98 1
Unskiiled workers 134 11.51 2
Semi~skilled workers 209 11.69 3
Skilled craftsmen 397 12.4] 4
Clerical workers 450 13.37 5
Managerial workers \_\ 411 14 .40 6
Professi .nal, sub- 336 14.90 7

professional workers

Unclassifiable

Unskilied workers

Semi-skilled and process workers
Skilled craftsmen and foreman
Clerical and non-commissioned servie
Managerial, farmer or shop-keeper

QN W B W N

emen

Professional, grazier or semi~professional

It should be noted that the direction of the scale has been reversed from the

original study used by Keeves (1972). This was done to ¢quate & greater score on
the scale with a higher status occupation. Evidence for the assigning of scale
values by eriterion scaling procedures is given in Table A.1.

Student's cccupational aspirations. Students were asked what occupation they
expected to enter after finishing their schooling. The occupation given by the

student was sealed using the same scale values as for fathet's occupation.

Student's educational aspirations. Students were asked the level of education they

expected to attain. The categories and assigned scale values were as follows:

Unclassifiable

Four years secondery

Five years secondary
Matriculation

Tertiary diploma or studies
University degree

Higher degree and reseasch
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Table A.2  Results of Analysis of Variance of Educetional Aspiration

& Categories with Prior Achievement in Science
{

Sum of
df squares  Mean square F-value Significance

Educational categories 6 6544.6 1090.& 82.8 p <0.001
Error 1979 26079.1 13.2
Total 1985  32623.7

Critericn scale value

1 Educatioral category N Group mean assignea
Unclassifinble 98 9.46 1 '
Four years secondary . 344 10.96 2
Five years secondary 72 11.33 3
Magriculation 486 13.02 4
Tertiary diploma or studiea 308 13.42 5
University degree 597 15.36 ; 6
Higher degree’ and research 81 15.44 b' 7

Evidence for the assigning of scale values by criterion scaling ‘procedurea is given
in Table A.2.

Number of hours homework per week. Students were asked how many hours they
spent cn homework in all subjects in a week.

Student's participation in pop culture activities. This scale was designed to assess
the effects of participation witn friends in the 'pop zulturz’. It wes suggested that
participation in these activities would be contrary to educational goals. Four items
were used in an 'Activities with Friends' questionnaire which ‘assessed the
frequency of participation in pop culture activities on a three-point scale. In
general terms, scaling involved the assignment of the values indicated - Rarely (0),
Occasionally (1) and Frequently (2).

Stucent's participation in mathematics and science activities. This scale was
designed to measure the influence of students participating with their friends in
activities which fostered an Interest in science or mathematics. Twelve items
were used in an 'Aectivities with Friends' questionnaire which ussessed the
frequency of participation in the activities using the same coding procedur?s as for
pop culture activities.

Like mathematics. This attitude was assessed with a 10-item Likert scale in
which students were required to respond to statements in the categories, 'agree’,
'disagree' or 'uncertain'. The scale included & range of stutements intended to
identify the degree of interest and enjoyment in learning mathematics.

Academic motivation. This measure was assessed by a 20-item Likert scale in,
which students were required to respond in three categories to a range of

statements concerning their motivation to learn at school.
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Like school. This attitude was assessed with a 17-item Likert scale :n the same

manner as attitudes to mathematics.

Like smence. This variable was assessed in the same manner as the other attitude
measures with a 20-item Likert scale.

Self regard. This variable assessed the students' respect and confidence in

themselves. A 17-item Likert scale with three response categories was used with a
3

range of statements involving self-esteemn with respect to the peer group.

Science achievement pretest. The initial science test was constructed from 25

items chosen from a pool of items cpllected for the IEA Science Project. The
content of the test was as follows: twelve items tested knowledge; six items
required the application of information; and seven items required analysis or
evaluation. The items were field tested prior to use in the study.

Science achievement. The final science test contained 55 items, also chosen from

the pool of items for the IEA Science Project. The items tested knowledge,
comprehension, understanding, application, analysis and evaluation. These items
were also field tested before use in the study.

Mathematics achievement. This was assessed by a 55-item test. The items
covered the content areas ef computation, knowledge, definitions, translation or

interpretation, analysis and application. The items were field tested before being
used in the study.

Structural dimension measures

The second category of variables represent measures of teacher, classroom and
school characteristics. Many of the varialiles from the structural dimension are
relevant to both science and mathematics classes and distinctions are only made
between the subjects where necessary. If the variable is appropriate to both
subjects, the variable name for science classes will be given first, followed by the
equivalent name for mathemetics classes in brackets. The structural dimension
information was obtained from an interview and questionniare completed by the
class teacher. Additional information was obtained from discussions with the
principal, vice-principal or subject co-ordinator. A list of all these items is

presented below.
Sex of teacher. Coded as male (1) and female (2).

Teacher years at school, The number of years of tesching at the present schootl

was recorded.

Teacher marital status. Coded as single (1) and married {2).
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‘Teacher science (mathematics) specialist. The teachers were asked if they

regarded themselves as a science or mathematics specialist. Their responses were
coded as Yes (1) and No (2).

Teacher years of education. The number of years of full-time education received

by the teacher was coded in years.

Teacher years t‘ertiary education. The number of years of full-time education
beyond secondary school was recorded in years. In addition, the amount of training
in specific subject areas that the teacher received was recorded in terms (1/3
year), F.or science teachers, the specialist areas were physics, chemistry, biology
or geology, while for ‘mathematics teachers, the specialist areas were general
mathematics, pure mathematics, applied mathematics or s;atistics.

Total teacher training in science (mathematics). This variable measured the total
number of terms cf trainirg in all of the above specialist areas. As such, it
represented ar. aggregate of the previous measures.

Teacher training institution. Four categories were used to classify the training
institution attended by the teacher. They were uriversity (1), teachers college (2),
university and teachers college (3) and other (4). These calegories did not form a
monotonic scale,

Teaching Joad. Three categories were used to assess the teaching load. They were
part-time (1), full-time (2) and extra full-tim: (3). The extra full-time category
was rarely used.

Teacher lesson preparation. The number of hours per week that the teacher spent
preparing lessons was recorded.

Teacher laboratory preparation. The number of hours per week that the teacher
spent preparing apparatus or materials for laboratory classes was recorded. This
variable was only relevant to science classes.

Teacher hours marking. The number of hours per week that the teacher spent

marking work or other teaching-related activities was recorded.

Sex of class. This item was a class average obtained by coding boys (1) and girls
(2).

Proportion_of class from foreign language homes. This item was calculated from
the responses to the home background item which asked whether or not English was

the language normally spoken in the home. The ratio of the number of students
from foreign language homes to the size of the class was used to form the
proportion.
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Size of form cohort. This item recorded the total number of Year 7 students at

the school. ‘{:‘@b

Proportion of male teachers on staff. The item used the number of full-time (or
equivalent) male teachers divided by the number of full-time (or equivalent)

teachers in the school.

Years school open. The age of the school was recorded in years.

Degree of streaming. Streaming practices were divided into three categories.
They were coded as non-streamed (1), setted (2) and fully streamed (3).

Time on science (mathematics). The time spent each week by students in class on
the subject was recorded in fifteen minute intervals.

Time on_science (mathematics) homework. The time spent each week by students
doing homework was recorded in fifteen minute intervals.

Total time on science (mathematics). This item was the sum of the two previous

items.

Time on all hoinework. This item was calculated as a class average using the
responses received from students to the question concerning the number of hours

spent each week on homework in all subjects. »

Periods contact with male teachers. This item used only the basic subjects. The
number of periods each week in which students were taught by a male teacher was
recorded,

Number of teachers in year. The number of teachers who, during the year, had

taught the class group in the subject for more than 10 lessons was recorded.

Number of regular teachers. The number of teachers who regularly shared the

teaching of the subject to the class group was recorded.

Size of school. This item recorded the number of students attending the school.
Age of teacher. This item was coded on a 5-point interval scale.

Teacher years experience. This item was coded an & 5-point interval scale.

Teacher in-service training. The number of weeks that the teacher attended
full-time in-service training courses during the past five years was recorded.

Teacher attends lectures on science (mathematics) teaching. The number of

lecture sessions attended by the teacher during the current year concerned with
the teaching of the particular subject was recorded.
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Teacher attends lectures on science (mathematics). The number of lecture
sessions attended by the teacher during the current year concerned with the

particular subject was divided by two to form this measure.

Member of Science (Mathematics) Teachers Association. Membership by the
teacher of a subject association was coded as No (1) and Yes (2),

Periods in laboratory. The time spent per week by students in the laboratory was
recorded in fifteen minute intervals. This item referred only to science classes.

Process dimension measures

Another interview and questionnaire session was used to obtain information on
items associated with teaching practices and the process dimension. The items
assessed in this way differed from those obtained by direct classroom observation
since they covered the use of assessment, homework and educational aids.
Interviews with teachers were considered necessary since the use of all of these
features would not have been detectable in only four lessons of direct classroom
observation. The practices examined in this way included the nature and amount of
assessment used by teachers, the presentaton and monitoring of homework, the
types of educational aids employed by teachers and the frequency with which they
were used. Science and mathematics teachers were asked the same questions such
that the item descriptions applied to both subjects.

Assessment practices. The teacher was asked how frequently they used various

forms of assessment when marks were given and recorded. Their responses were
coded as rarely or never (1), sometimes or occasionally (2) and always or regularly
(3). The various forms of assessment were as follows:

t

Short answer tests,

Extended answer, either problem or essay, tests,
Multiple choice objective tests,

Performance on homework or weekly assignments,
Performance in workbooks or notebooks, and

(=T B - L

Performance in assessed projects or major assignments.

The sum of the scores on the six assessment items was used to indicate the range
of assessment procedures employed by the teacher. Additional assessment
procedures as well as homework measures are listed below.

Assessments in Term 2. The number of assessments recorded in the teacher's

markbook during Term 2 was used asa measure of the frequency of assessment.

Assessments in year involving student choice. The number of assessments during
the year in which the student had some choice in either the topie or the nature of

wb g,
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the assignment was used as an index of the freedom of choice that the student was

allowed.

Frequency of revision homework. The number of times each week in which the

class was expected to do non-specified or revision homework was recorded.

Frequency of homework set. The number of times cach week in which the class

was expected to do any homework, including written, reading, learning, revision or
non-specified reading, was recorded. The teachers were also asked if they checked
that the homework that they had set had been satisfactorily carried out. This
question was posed in regard to a wide range of aspects concerned with both the
setting and monitoring of homework. Teacher responses were coded on a 4-point
scale as never (0), occasionally (1), usually (2) and always (3). The questions asked
of the teachers were divided into three main categories dealing with homework:
work habits, guidance or instruction and satisfactory completion ¢ homework.

In regard to work habits associated with homework, teachers were asked if
they supervised the following points:

1 Making a written record of homework,
2 Making a record of set homework in a special notebook, and
3 Doing homework in a prescribed book.

For guidance and instruction associated with homework, teachers were asked if
their supex;vision related to written homework, specified reading or learning
homework or non-specified reading and revision work. The points requested of the

teachers are given below. .

For written homework:
(a) Written homework discussed in class,
(b) Written homework marked outside of class,

(¢) Written homework examined in class.

For specified reading or learning homework:
(a) Learning of homework checked by short test,
(b) Lesrning of homework checked by questions in class.

For non-specified reading and revision homework:
(a) Homework checked from pupil record.

Teacher supervision of the completion of homework was checked by two items:

(a) Reprimands given for unsatisfactory homework, he
() Homework must be completed satisfactorily.

The scores on each item in each of the three categories were summed to form
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three general measures. A homework work habits score, 8 homework guidance and
instruction score and a homework completion score. These three items were
intended to assess the importance that teachers attributed to homework.

Several items were concerned with the type of reporting on a student's
progress at school that was sent to parents.

Achievement items in reports. The number of achievement items on the reports
throughout the year was recorded.

Work habit items. The number of items associated with work habits throughout
the year was reported.

Total items in reports. This measure was obtained by summing the two previous

v

measures.

Use of educational materials. Finally, teachers were asked to report upon the use

that they made of various educationalimaterials. Their responses were coded as no
use (0), intermirtent use (1) and regular use (2). The list of educational materials
that was considered is given below:

(a) A main textbook,

(b) A subsidiary textbook,

(e} A printed workbook,

(d) Duplicated work sheets,

{e) Programmed learning materials,

(f)  Television programs,

(g) Films,

(h)  Slides and similar visual aids,

(i}  Field trips and visits,

(G Commercial achievement tests,

(k) Pupil notebook,

(1 A spelling book or list, or a table book,

(m) An Individualized Mathematics Programme or the use of small group
practical work involving scientific equipment, and -

(n)  Structuredaids or demonstration experiments involving sclentific equipment.

In ijtems (m) and (n), the alternatives for mathematics and science «<lasses,
respectively, were presented. The scores on all fourteen items were used to form a
measure of the range and number of educational materials provided for the student
to work with and learn from.

Classroom observation measures

The final method for assessing the classroom environment was by direct classroom
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observation. The activities occurring in the classroom were recorded in two ways.
The time spent on different activities was recorded. Fach minute, on the minute,
an observer would 'sweep’ the class and record the behaviour of the teacher and the
class, providing time measures of varlous activities. In addltlon, each instance of a
specific behaviour was recorded throughout a lesson, provndmg a frequency ’
measure of the activities in the class. A discussion of the reliablity of the
observation schedule is given in Appendix II. For further details of the
development of the schedule and the reliability trials, Keeves (1971) should be
consul ted.

A class was observed for an equivalent of four forty-minute lessons. The
teachers were asked to conduct their lessons as normally as possible*under the
unusual circumstances of an obhserver being present in the classroom. The
observers were instructed to position themselves in an unobtrusive position while
still being able to view the students' faces. A list and description of the items on
the observation schedule is given below. It should be remembered that the given
item label is the same as that used in subsequent appendices.

Time used by teacher. This item recorded the total time over the four lessons

that the teacher was active in the teaching process. This represented the majority
of the time available in most lessons for it included the time spent on all activitieg
‘where the student could be learning. Examples of activities where the teacher was
inactive in the teaching process included absance from the classrcom, conferring
with another person (not a student) and carrying out an administrative or
organisational task without supervising the work prescribed for the class.

Students talk. The time that students either talked, read, discussed or explained

work was recorded. The teacher either listened or supervised,

1

Question and answer session. The time spent by students interacting with the

teacher in a question and answer session was recorded.

Students write. This item recorded the time that students wrote, drew, au.  »d

" a written test, or wrote while the tcacher dictated.

Students read. The time spent by students reading silently to themselves on an
assigned task while the teacher supervised the class was recorded.

Students investigate. This item recorded the time spent by students undertaking an
investigatory activity or a practical task while the teacher supervised.

Students mark work. The time spent by students marking their work under the

direction or supervision of the teacher was recorded.

1
2



Ynclassified. The time for which the activities in the ciassroom could not be
classified into any cf the previous seven categories was recorded. Most commonly,
this would refer to times when students were engaged in activities not prescribed
by the teacher or no activity had been prescribed by the teacher and the students
were doing nothing.

Number of activity changes. The number of distinet changes in student and

teacher activity in the interval of time between suc..essive sweeps was recorded.

Teacher reviews work. The time spent by the teacher for the purpose of reviewing
work previously taught was recorded.

Teacher contacts student. The number of instances where the teacher spoke to a

student or a student spoke to the teacher in connection with academic work was
recorded.

Teacher asks question. The number of instances where the teacher asked a

student a question was recorded.

Student asks question. The number of instances where a student asked the teacher

a question was recorded.

Invitation to participate. The number of instances where the teacher invited the

student to ask a questjon or to participate in academic work was recorded. This
included the student making suggestions, explaining work to the teacher 4. class,
perforining a demonstration or checking the work of another student.

Use of language. The number of discussions on the use of language was recurded.
This included discussing the meaning, the spelling or the pronunciation of a word.

Invitation to inquire. The frequency with which students took part or were invited

to take part in an activity that involved investigation and inquiry was recorded.
This may have involved/the student using equipment or reference books, estimating
an answer, finding reasons for results, solving problems with non-unique solutions
or discovering new methods for solving problems.

Consider work habits. The frequency with which students were encouraged to
consider their work habits was recorded. The teacher usually emphasized the value
of work and recommended more work.

Raise aspirations. This item recorded each occasion that the teacher encourgeq
students to lift their level of aspiration. Typically, teachers mentioned the value
of work and education.

Praise and Rebuke. The instances where teachers rewarded or praised a student as

well as rebuked or punished a student were also recorded. Both praise and‘rebuke
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were classified into more specific categories. These categories were:

{a) Casual praise or rebuke,

(b) Deliberate praise or rebuke,

(¢} Another type of reward or punishment, and
(d) Total praise or total rebuke.

The two measures described in (d) were obtained by summing the appropriate
measures in {(a), (b) and (c). The general distinction between casual and deliberate
praise or rebuke depended upon whether the comment was made privately or
publicly. Both casual and deliberaté rewards and rebukes were given verbally while
other praise or punishment involved more definite behaviour from the teacher.

Positive_support. The number of instances where the teacher provided positivg
emoticnal support for a student was recorded.

Negative support. The number of instances where the teacher provided negative
emotional support for the student was recorded.

Laughter with. This item recorded the number o! instances where laughter
occurred with the teacher or a student, not at the expense of the teacher or
student.

£ty

Laughtet at. This item recorded the number of instances wiere laughter was at

the expense of & student or the teacher. !

Autonomy. The number of instances where students were required or encouraged
to make decisions for themselves or to act with autonomy was recorded. This
involved the student selecting an aciivlty, project, topic or experiment for
themselves.

This Is the complete list of varisbles that is used throughout the study. 1t should
again be mentioned that this appendix only provides a summary of the variables
employed by Keeves (1972). An extensive description of the classroom observation
schedule has also been provided by Keeves {1974a).

As a concession to space, several tables presented in the following appendixes use
abbreviated variable names. Although the intention of the abbreviated tltle was to
suggest the nature of the original measure, this may not always by obvious. Hence, the
veriable labels used throughout this appendix were intended to te as clese as possible to
those titles used in the following appendixes. As such, this appendix provides a point of
reference for the, measures used throughout the study.
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APPENDIX 11

IDENTIFICATION OF MEASURES RELATED TO CLASS SIZE

Appendix | provided a brief description of all the variables reported by Keeves (1972)
that were used in this present investigation. To indicate the suitability of these
measures for inclusion in the study, reliability coefficients for these measures, where
appropriate and available, are given in this appendix. In particular, reliability
coefficients relevant to variables obtained for tests, attitude secales or by use of the
classroom observation schedule have been recorded. The c;ther variables used in this
study are measures of teacher, class or schiool characteristics obtained from teacher
questionnaires and hence measures of reliability were inappropriate.

In addition to reliability coefficients, since we are primarily concerned with class
size, the product moment correlation coefficients between class size and each variable
using the class as the unit of analysis are also given. These coefficients have been used
in Chapter 4 to determine which variables were significantly related to class size, as a
first indicator of the differences between the teachers, the students and the processes
present in small and large classes. Sinde nearly all Year 7 classes in the Australian
Capital Territory were considered] the data provided population measures. However, the
10 per cent level of significance of the correlation coefficient, assuming the use of a
sample random sample, was employed as the main criterion for the selection of a
variable as being related to class size. As the selection of varlables was being conducted
at the between classes level, with class as the unit of analysis, the application of these
procedures for the calculation of the sampling error to population meyzsures was
defensible, However, this was not the sole criterion for selection of variables. Analysis
of varlance was conducted between cach variable and a class size measure formed by
creating six class size categories. A variable was selected for Inclusion in subsequent
regression analyses if it was significantly correlated with class size, and % analysis of
variance suggested that there was not evidence of a curvilinear or highly skewed
relationship. Several other variables were glso included in the discussion in ChItpter 4
although their correlations with class size were not found to be significant at the 10 per
cent level. They were included for their suspected importance, as suggested strongly by
previous research. These few varlables included some attitude and individualized
instruction measures, and these have been commented on at a later stage in this
appendix.

Home Background, Achievement and Attitude Measures

The set of classroom background, achievement and attitudinal variables are provided in
Table A.3 for both tie mathematies and sclence sets of data. 1t.should be notad that the




Table a.3 Properties of Achievement and Attitude Measures

N= 72 Correlation with class size Level af significance?
.Variable/reliability Reliabilityb "Srience Maths é} Science Maths Inclusion
Sex of class -~ NA 0.17 0.17 R NS NS No
Ethnicity of home ( NA -0.20 ~-0.22 <0.10 »0.10 Yes
Father's occupation NA 0.35 0.35 <0.01 < 0.01 Yes
Student's occupational aspirations NA 0.57 0 57 ~0.01 - 0.01 Yes
Number of hours of homework per week NA 0.39 0.40 ~0.01 <0.01 Yes
Student's educational aspirations NA 0.60 0.60 <0.01 -+ 0.01 Yes
Student's participation in p/c activities 0.69 -0.31 -0.31 0.05 * 0.05 Yes
Student's partigipation in m/s activities 0.69 0.18 0.17 NS NS Yes®
Like mathematics 0.83 - 0.17 - NS Yesg*
_Academic motivation 0481 0.25 0.25 ~0.05 0.05 Yes
Like school 0.89 0.29 0.30 <0.05 - 0.05 Yes
Like acience 0.9C 0.17 - NS - Yeg*
Self-regard 0.79 0.15 0.14 : NS NS No
Science achievement pretest 0.69 0.57 - ©0.01 - Yes
Science achievement 0.84 0.61 - +0.01 - “es
Mathematics achievement 0.89 - 0.59 - + 0.01 Yes
: Correlation coefficients which were not significant at the 10 per cent level are indicated by NS.

NA = Not appropriate.
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results are very simiiar for both subjects. This Is, in part, because the classes in these
subjects were the same for all except three of the 72 cases. It shouid be remembered
that some measures were aggregate measures for the class formed by averaging the
students' scores on each test or questionnaire.

In the tables, each variable is named, its reliability coefficient and its correlation
coefficient with class size are given and then it is stated if it is to be ineluded in
subsequenit analyses. If inclusion or exclusion differs from that suggested by the
correlation coefficient, a brief explanation is provided by the following code:

* This means that although the correlation was nciggfi(ficant encugh for
automatic inclusion it was large enough to ﬁr-ant further consideration
since previous research had inqicated that variables of this ti'pe were often
associated with differences between large and small classes.

** This means that the correlation coefficient was significant but results
obtained from an analysis of variagnce had shown that the relationship was
curvilinear or skewed and hence not suitable for subsequent analysis.
Reliability ccefficients were found by using KR-20. Only correlatlon coefficients which
are significant at the 0.10 level are reported.

Of the 16 variables concerned with general class background, achievement and
attitudes, 11 variables related significantly to class size. Three additional variables
were considered suificiently important to warrant further analysis.

Structural Dimension Measures

The set of variables from the structural dimension are presented in Tables A.4 and A.5
for science and mathematics classes respectively. These tables present the measijres of
both teacher, classroom and school characteristics and as such they were considered to
influence the behaviours that occurred in the classroom although not as directly as
process variables. These varlables were c¢ollected by teacher interviews and
questionnaires as well as from discussions with school . principals and subject
co-ordinators. For this reason reliability coefficients are not applicable. Since the
characteristics were expected to dlffler greatly between science and mathematies
classes, the results for each subject arefpresented separately. As noted in Chapter 4 and
elsewhere (Gage, 1963; Rosenshine, 1971), teacher characteristics rarely relate to
educational outcome measures. The same conventions as used in Table A.3 apply to
these two tables and a fuller account of all variables was given in Appendix I,

The data avallable provided 74 variables from the sirﬁctmal dlmensioni 38 for
science and 36 for mathematics. For sclence, seven varlables correlated significantly
with class size but three of these were considered unsuitable. For mathematics,, nine
varigbles were found to have significant correlations with class size, but again three
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Table A.4 Properties of Structural Variables for Science Classes

N =72 Correlation ‘Level of
Variable coefficient? significanceb Inclusion
Sex nf teacher - 0.02- . NS No
Teacher years at school 0.07 NS No
Teacher marital status -0.11 NS No
Teacher science specialist 0.06 NS No
Teacher years of education 0.03 NS No ’ .
Teacher years tertiary education 0.05 NS No .
Teacher training - Physics -0.04 NS No
Téacher training - Chemistry -0.07 NS No
Teacher training — Biology 0.01 NS No
Teacher training - Geology: 0.16 NS No
Teacher training - Other Science 0.00 NS Yo
Total teacher training in Science -0.01 NS No
Teacher training institute .. 0.02 NS No
Teaching load 0.13 NS No
Teacher lesson preparation -0.05 R NS No
- Teacher laboratory preparation 0.04 NS No
Teacher hours marking 0.23 <0.10 No**
Sex of class -0.19 NS —f/
‘Prop'n class from foreign language homes -0.23 <0.'10 Yes
Size of form cohort - ~-0.06 NE » No
~ ' Propn of male teachers on staff ~-0.10 +NS No
Years school open . =0.15 NS No
Degree of streaming -0.19 <0.10 No¥*
Time on science 0.10 NS No
Time on science homework 0.44 <0.01 Yes
. Total time on science 0.37 <0.01 Yes
Time on all homework , 0.37 <0.01 Yes
Periods contact with male teachers -0.02 NS No
Number of. teachers in year 0.09 NS No
Number of regular -teachers -0.04 NS No
. Size of school -0.13 NS No
Age of teacher . 0.12 NS No
- Teacher years experience : 0.01 NS No
Teacher inservice training -0.23 .<0.10 Nok*
Attends lectures science teaching o 0.05 NS No
Attends lectures on science 0.00 NS No
Member of Science Teachers Association +0.02 NS No
Periods in laboratory -0.08 NS No
a Correlations with class size recorded.
Correlation coefficienta which were not significant at the 10 per cent
. level are indicated by NS.
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Table A.S Properties of Structural Variables for Mathematics Classes

. N=T72 Correlation Level of

Variable coefficient? significance® Inclusion
Sex of teacher 0.02 NS No
Teacher years at school -0.01 NS No
Teacher marital status -0.13 NS No -
"Teacher maths specislist 0.03 NS No

. Teacher years of education . 0.19 NS No
Teacher years of tertiary education 0.18 NS No
Teacher training - General Maths 0.11 NS No
Teacher training - Pure Maths 0.02 NS No
Teacher training - Applied Maths -0.06 NS No
Teacher training - Statistics 0.18 NS No
Teacher training - other Maths 0.17 NS No
Total teacher training in Maths 0.10 NS Mo
Teacher training institution 0.05 NS No 2
Teaching load 0.07 NS No
Teacher hours preparation 0.13 NS No
Teacher hours marking 0.21 <0.10 No**
Sex of class -0.19 NS No
Prop'n-class from foreign language homes =-0.23 <0.10 Yes N
Size of form cohort -0.06 NS No
Propn of male teachers on staff -0.11 NS Ko
Years school open -0.15 NS No
Degree of streaming -0.2% <0.05 No**
Time on mathematics 0.04 NS No -
Time on mathematics homework 0.43 <0.01 Yes
Total time on mathematics 0.36 <0.01 Yes
Time on all homework 0.36 <0.01 Yes
Pericds contacts with male teachers -0.02 NS No
Number of teachers in year -0.31 <0.05 Yes
Number of regular teachers , -0.3 <0.01 Yes
Size of school -0.12 NS No
Age of teacher 0.10 NS No
Teacher years experience 0.09 NS No
Teacher inservice training 0.16 NS No
Attends lectures on maths teaching G.15 NS No
Attends lectures on mathematics 0.18 NS No
Member of Mathematical Association +0.24 <0.05 Nor¥
a Correlations with class size recorded.
b Correlation coefficients which were not significant at the 10 per cent

level are iundicated by NS.
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Table A.6

.

Properties of Process Variables for Science Classes

N =72 Correlation Level of
Variable coefficient? significance® 1nclusion
Use of short answer tests 0.29 <0.05 Yes
Use of extended answer tests 0.13 NS No
Use of multiple choice tests 0.25 <0.05 Yes
Assess homework or assignments -0.18 NS No
Assess workbooks -0.1% NS No
Agsess Projects or major assignments 0.17 NS No
Range of assessment 0.16 NS No

_ Assessments in Term 2 . 0.19 <0.10 No**
Assessments involving student choice 0.09 NS Yes*
Frequency of revision homework v ~0.06 NS No
Frequency homework set 0.20 <0.10 No**
Written record of homework 0.02 NS No
Record homework in notebook -0.11 NS No
Homework in special book 0.08 NS No
Homework discussed -0.03 NS No
Homework marked i 0.12 NS No
Homework examined ] -0.03 N3 No
Homework tested by short test 0.23 <0.10 No**
Homework questioned in claas 0.04 NS No
Homework checked from record -0.03 NS No
Homework reprimand given 0.24 <0.05 Yes
Homework must be completed 0.14 o NS No
Homework work habits score 0.00 NS No
Homework completed score 0.22 <0.10 No**
Homework guidance score 0.12 NS No
Frequency reports sent home 0.26 <0.05 Yes
Achievement items in report -0.10 NS No
Work habit items in report ~-0.12 NS No
Total items in report -0.11 NS No
Use of textbook A 0.03 NS No
Use of textbook B 0.31 <0.05 Yes
Use of printed workbook 0.01 NS No
Use of duplicated worksheets -0.03 NS No
Use of programmed instruction , No instance recorded
Use of TV 0.00 NS No
Use of films 0.01 NS No
Use of slides and visual aids -0.06 NS No
Use of field trips or visits -0.15 NS No
Use of commercial tests No; instance recorded
Use of pupil .notebook 0.32 <0.05 Yes
Use of spelling book -0.09 NS No
Use of group practical work -0.07 NS No
Demonstration experiments -0.08 NS No
Total teaching aids -0.07 NS No
a Correlations with class size recorded.

Correlation coefficients which were not significant at the 10 per cent

O
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were unsuitable. The small propertion of variables from the struetural dimension which

were related to class size was not surprising considering the disappointing history of
previous research findings in this area.

Process Dimension Measures i

Another interview and questionnaire session was used to obtain information on variables
associated with the process dimension. The practices assessed in this way were distinet
from those obtained by direct observation of the classroom. These measures were used
to assess other facets of the classroom environment which would have gone unnoticed
during the four periods of direct observation. These measures included the amount and
methods of assessment used by temchers, the emphasis upon homework and how it was
recorded and checked, the diversity of educational materials employed in the classroom
as well as the amount and type of reporting to parents. ANl these variables were
intended to assess the type of educational environinent that teachers sought to generate
in the classroom, in particular, concentrating upon the stimulation and monitoring of a
student's academic progress. Reliability coefficients were not appropriate. The
correlations between class size and these processes are reported for both science and
mathematics classes in Tables A.6 and A.7, in the same manner as in previous tables.

\ For the process variables not measured by classroom observation, 44 measures
were obtained in cach subject. For science, 10 were found to correlate significantly but
four were deleted from this list for the reasons mentioned earlier. The measure of the
extent of student choice in assessment was included to detect student autenomy and the
presence of individualization in the classroom. The Inclusion of this variable was
supported by a moderately strong correlation and a significant difference between groups
using analysis of variance. For mathematics, 16 variables were found to correlate
significantly, but two were not considered for further analysis. Student choice in
assessment was not included for mathematics as the correlation was not strong and
analysis of variance was not supportive. The greater incidence of significant results in
mathematics would seem to suggest that assessment and homework procedures, as well
as the use of educational materials varied more with class size in mathematices than In
science classes.

Classroom Qbservation Measures

The final method for measuring variables was the classroom observation schedule. The
schedule assessed classroom activities in two ways. An observer noted the behaviour of
the teacher and the students every minute, on the minute, during a class period. The
time spent” on different activities was thus obtained. Also, the observer noted each
instance of certain behaviours as they occurred throughout the lesson. Hence, the
u “~quency of specific activities was recorded. A major problem was whether an obaerver
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Table A.7 Properties of Process Variables for Mathematics Classes

- N=72 Correlation Level of

Variable coefficient?® sxgnxfxcanceb Inclusion
Use of short answer tests 0.13 NS No
Use of extended answer tests 0.26 <0.05 Yes
Use of multiple choice tests ‘ 0.20 <0.10 Nok*
Assess homework or assignments -0.07 NS No
Assess workbooks 0.10 NS No
Assess projects or major assignments 0.00 NS No
Range of assessment 0.24 <0.10 Yes
Assessments in Term 2 -0.08 RS No
Assessments involving student choice 0.06 NS No

. Frequency of revision homework -0.21 <0.10 Yes

. Frequency of homework set 0.41 <0.01 Yes

Written record of homework * 0.25 <0.05 Yes
Record homework in notebook 0.31 . <0.05 Yes
Homework in.special book 0.16 NS No
Homework discussed 0.42 <0.01 Yes
Homewoxk marked 0.01 NS No
Homework examined 0.09 NS No
Homework tested with short test -0.19 NS No
Homework questioned in class -0.06 NS No
Homework checked from record -0.20 <0.10 No**
Homework reprimand given 0.10 NS Yo
Homework must be completed 0.33 <0.05 Yes
Homework work habits score 0.35 <0.01 Yes
Homework completed score 0.31 <0.05 Yes
Homework guidance score 0.13 NS No
Frequency reports sent home 0.26 <0.05 Yes
Achievement items in reports -0.10 NS No
Work habit items in reports -0.11 NS No .
Total items in reports -0.10 NS No
Use of textbook A 0156 <0.01 Yes
Use of textbook B -0.07 NS No
Use of printed workbook -0.32 <0.05 Yes
Use of duplicated work sheets -0.14 NS : No
Use of programmed instruction No instance recorded
Use of TV 0.42 <0.01 Yes
Uze of films No instance recorded &
Use of slides and visual aida 0.03 NS No
Use of visits and trips No instance recorded .
Use of commercial tests -0.08 NS * No
Use of pupil notebook 0.08 NS No
Use of table and spelling books -0.19 NS No
Use of individual program kits ~0.03 NS No
Use of structured aids -0.05 NS No
Total teaching aids -0.03 H§ No
a

Correlations with class size recorded.
Correlation coefficients which were not significant at the 10 per cent
level are indicated by NS.
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would record the same activities in each class in the same way each time the schedule
was used, and would different observers agree upon their interpretations of various
classroom activities. These problems generated some uncertainty about the reliability of
each item included on the observation schedule. Reliability coefficients for the
observation of specific behaviours on the schedule were obtained using intra-class
correlation coefficients. Wherever possible, these reliability coefficients are given to
indicate the confidence available in any particular variable from the schedule. The
relationships between class size and the classroom processes recorded in the schedule are
given for science and mathematics in Tables A.8 and A.9 respectively. A fuller
description of each item on the observation schedule is given in Appendix I.

For the process variables obtained from the classroom observation schedule, 32
different measures were available for each subject. For science, eight variables were
found to correlate significantly with class size, but one was deleted from this list. A
measure of the number of positive support statements made by teachers was added as
smaller classes were believed to have higher levels of interpersonal relationships
(Vincent, 1967; 1968) and it was desirable to test this finding. The inclusion was
justified by a moderately strong negative correlation and a significant F-ratio. For
mathematics, 17 variables correlated significantly with class size, but one was deleted
since it did not satisfy all criteria required. Two varisbles were added to the list. The
number of activity changes, as a measure of instructional diversity, and the number of
teacher invitations for students to participate in academic work were both added as they
had moderate correlations and significant F-ratios. Their inclusion was further justified
by previous research which claimed that both of these measures were more prevalent in
small classes. As noted earlier, class size appeared to have a greater impaet upon the
behaviours and activities that occurred in mathematics classes than in science classes.
Also, reliability levels were satisfactory for the majority of the classroom observation
measures. .

Of the 242 variables on which data were obtained, 76 variables or 31 per cent of
the variables were found to be significantly related to class size. After adjusting the
list, 68 variables remained for further consideration using regression analysis. As only
the structural and process variables referred specifically to each subject, it is interesting
to note that 19 science variables and 38 mathematics variables from this group were to
be considered for use in regression analyses. The greater incidence of mathematics
variables has been noted several times, but it would seem that science teachers
developed much of their teaching style independently of class size while mathematics
teachers, intentionally or not, changed their style as class size changed. However, it
must be noted that there was a strong positive relationship between class size and
achievement and it would be possible that teaching style was dependent more on the
ability of the students in the class than on the size of the class.
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Table A.8 Prpperties of Process Variables from the Observation Schedule {
for Science Classes ]
- - N= 72 Correlation Level of
Variable Reliability® coefficient® significance Inclusion
Time used by teacher 0.99 0.10 NS No
Students listen 0.96 0.23 <0.10 No**
Students talk NA -0.07 NS No
Question and answer session 1.00 0.11 NS No
Students write 0.98 -0.16 NS No
Students read NA -0.02 NS No
Students investigate 0.99 -0.07 NS No
Students mark work NA -0.09 NS No
|~ .. Unclassified- -- 0.97 -0.07 NS Ne —
Number of changes in activity 0.37 0.13 NS No
Teacher reviews work 0.23 0.25 <0.05 Yes
Teacher contacts student 0.90 -0.41 <0.01 Yes
Teacher asks question 0.99 0.04 NS No
Student asks question 0.95 0.06 NS No
Invitation to participate 0.99 0.08 NS No
Use of language 0.91 0.18 NS No
Invitation to inquire 0.91 ~0.03 NS No
Consider work habits 0.89 0.00 NS No
Raise aspirations 0.25 -0.05 NS No
Casual praise 0.99 -0.05 NS No
Deliberate praise 0.99 0.06 NS No
Other reward 0.99 -0.21 <0.10 Yes
Total praise 0.99 =-0.05 - NS No
Casual rebuke 0.98 -0 32 <0.05 Yes
Deliberate rebuke 0.98 -0.31 <0.05 Yes
N Other punishment 0.98 -0.30 <0.05 Yes
Total rebuke 0.98 ~0.39 <0.01 Yes -
Positive support 0.79 -0.17 NS Yes*
Negative support 0.64 0.00 NS No
Laughter with 0.92 0.19 NS No
Laughter at 0.53 0.06 NS No
Autonomy NA 0.11 NS No
; Correlations with class size recorded. ’

Correlation coefficients which were not significant at the 10 per cent
level are indicated by NS.

Reliability coefficients which could not be calculated are indicated by
NA.
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Table A.9 Properties of Process Variables from the Observation Schedule

for Mathematics Classes

N=72

‘ Correlation Level of
Variable Reliability® coefficient? significance® Inclusion
Time used by teacher 0.99 0.15 NS No
Students listen 0.8¢8 0.11 NS No
Students talk NA 0.14 NS No
Question and answer session 0.98 0.40 <0.01 Yes
Students write 0.97 -0.35 <0.01 Yes
Students read HA -0.06 NS No
Students investigate NA -0.21 <0.10 No**
Students mark work 0.98 0.10 NS No
-—— - Unclasgified 0.89 -0.36 <0.01 Yes
Number¥oi changes in activity 0.76 0.19 NS Yes*
Teacher reviews work 0.00 0.04 NS No
Teacher contacts student 0.94 -0.45 <0.01 Yes
Teacher asks question 0 92 0.35 <0.01 Yes
Student asks question 0.64 0.26 <0.05 Yes
Invitation to participate 095 0.19 NS Yes*
Use of language 0.95 0.14 NS No
Invitation to inquire NA 0.21 <0.10 Yes
Consider work habits 0.95 0.20 <0.10 Yes
Raise aspirations 0.64 0.12 NS No
Casual praise 0.99 0.30 <0.05 Yes
Deliberate praise 0.99 0.18 NS No
Other reward 0.99 - 0.16 NS No
Total praise 0.99 0.30 <0.05 Yes
Casual rebuke 0.94 ~0.21 <0.10 Yes
Deliberate rebuke 0.94 -0.28 <0,05 Yes
Other punishment 0.94 -0.16 NS No
Total rebuke 0.94 -0.28 <0.05 Yes
Positive support 0.83 0.29 <0.05 Yes
. Negative support 0.87 -0.01 ‘NS No
Laughter with 0.77 0.32 <0.05 Yes
Laughter at 0.89 0.32 <0.05 Yes
Autonomy NA 0.13 NS Ro
a

- b
' level are indicated by NS.
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APPENDIX 1H

FACTOR ANALYSIS OF ATTITUDE MEASURES

The importance of five attitude and practice measures was noted in the first set of
regression analyses reported in Chapter 5. The five attitudes or practices were a
student's occupational aqd educational aspirations, academic motivation, attitude to
school and level of participation in mathematics and science_activities. These five
attitudes were chosen for special consideration since they were rélated to both class size
and academic achievement. As such, they were considered to be suitable for improving
the prediciive power of the causal model, particuiarly in the absence of prior
achievement measures. It was envisaged that factor analysis could he used to construct
a general attitude measure which would act as a single measure of attitude, instead of
five individual scales.

The factor loadings for each attitude measure were calculated by using the SPSS
Factor program (Nie et al., 1970) with the class averages on the attitude measures. With
only five variables, at most five factors were necessary to explain all the variance, but
only the first factor was significant using the criterion that the associated eigenvalue
must exceed one. Nevertheless, the second factor was examined because it provided
evidence of important differences between the five attitude measures. The factor
loadings recorded in Table A.10 represent the initial unrotated factors{sing principal
components analysis.

The alignment of all attitude measures along the first principal component is
consistent with the first factor being a general attitude factor. The second factor,
although not significant, has factor loadings which distinguish between a student's
occupational and educational aspirations and the other three measures because the like
school, mathematics and science activities and academic motivation measures are all
aligned positively on the second factor while the aspirational measures are assigned
negative factor loadings. Although it is often hard to identify the nature of the artifacts

{Table A.10  Attitude Measure Principal Factor Pattern (Between Classes)

Factor loading

N=72

Attitude measure . 1 2
Occupational aspirations 0.87 -G.40
Educational aspirations 0.80 -0.48
Like school : 0.84 0.41
Maths/science activities 0.51 0.15
Academic motivation 0.73 0.42
Eigenvalue 3.08 0.94

et
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produced by factor analysis, it does appear that the second factor distinguished between
aspirations for the future and current attitudes and experiences. This distinction was
also apparent when the attitude measures were included in the regression analyses, The
two aspirational measures were more influential in the regression model than the other
three attitude measures. These findings are reported in Chapter 5.
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The purpose of this Investigation was to examine the ways mn which class N
size affected other facets of the educational environment of the classroom.

* The central question of the study which required explanation was the ,/
commonly found positive relationship between class size and achievement.
The most plausible explanation of the'evidence would seem to involve che
effects of grouping more able students in farger classes, but the findings
also indicated achievement gains beyond those expected solely froma

. consideration of differences in achievemenrt levels. [t is clear that an increased

understanding of these features of the classroom is a necessary step towards
teasing out the relationships between class size, teacher acuvities-and student
motivation, all of whi. h appear as central themes ip the class size question.
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