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FOREWORD

In this second NARST Monograph, Professor Praser provides an excellent
overview of his own extensive work on science classroom envircnments, as

well as related research by others. Various forms of classroom

environment res:arch are compared, including student perceptions, direct
observation, case studies, and combinations of ethnographic and gtudent
perception methodologies.

I find Professor Fraser’s proposals for combining quantitative and . -

qualitative methods :n the study of classroom environments particularly
interesting ind most likely to lead to a rich, stable foundation for
future science education-research.

With colleagues such as Tobin and Walberg, Barry Frassr has established
a very impressive literature base and conceptual foundation for the study
of classroom psychosocial environments, with science classrooms providing

much of the specific data base. I am confident that this NARST Monograph:

will be extensively used by science education researchers and by
practitioners at all levels of education. wWhether one's intarest is in

cooperative  grouping, individualized instruction, learning  cycle;

strategles, or any of the many other variations on science education, the
information and pany references in this monograph on classroom
environments will prove valusble.

I congratulate the author on a fine piece of work that meets the high
standard (or research review and application set by the first NAR.Y
Monograph. Together, they form an excellent beginning of what I hope

becomes a MARST tradition of producing monographs that have a noticewhiy d

positive impact on science educatior. research.

Ron Good
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INTRODUCTION

Science educators often speak of a classroom’s climite, environment,

' atmosphere, tone, ethos, or ambience and consider it to be both important

] .in its own right and influential in terms of studont learning. Although

clagsroom environment 1is a somewhat subtle cor;cept, nevertheless

remarkable progress has been made over the 1last two decades in

conceptualizing it, assessing it, and researching its determinants and’

effects. Although important classroom climate work has been undertaken

: by researchers interested in ¢ variety of school subject areas, clearly

~

- sclence education researchers have led the world in terms of developing,

validating, and applying classroom environment assessment instruments.
Many questions of interest to teachers, educational researchers,

curriculum developers, and policy makers in science education can be

‘ asked about classroom environment. Does a classroom’s environment affect

. student learning and attitudes? What is the impact of a new curriculum

or teaching method on the nature of a classroom’s environment? Can

teachers conveniently assess the climates of their own classrooms and can

K they change these environments? What are some of the determinants of
" classroom environment? Is there a discrepancy between actual and
. preferred classroom environment, ag perceived by students, and does this
discrepancy matter in terms of studant outcomes. Do teachers and their
. students perceive the same classroom environments similarly? The above
}questions represent the thrust of the work on science classroom

. environments over the past 20 years and constitute the main areas

congidered in this monograph.

2
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Traditionally research and evaluation in secience oducation have tended ‘-

to rely heavily and sometimes exclusively on the assessment of acadeaic i.

- :

achievement and other valued learning outcomes. Although few responsible.

because students spend up to 15,000 hours at school by the time they

i
3

finish senior high school (Rutter, Maughan, Mortimore, Ouston & Smith.\w
1979), students certainly have s large stake in what happens to thez; at
school, and students' reactions to and perceptions of their sch061
experiences are significant. This monograph is devoted to one iapproach
to conceptualizing, assessing, and investigating what happens to students
during their schooling. In particular, the main focus is upon students:
and teachers' perceptions of important social and psychological aspects

of the learning environments of school science classrooms.

In contrast to methods which rely on outside observerr. the approach

described here defines classroom environment in terms of the shared

¥,
3

¥
¥
“
S

perceptions of the students and teachers in that environment. This ..
approach has the dual advantage of characterizing the class through tae :°

=<

eyes of the actual participants and capturing data which cihe observer :
could miss or consider unimportant. Students are at a good vantage point (
to make judgments about classrooms because they have encountered mny:
different leacning environments and have enough time in a class to form P
accurate impressions. Also, even if teachers are inconsistent in their
day-to-day behavior, ‘hey usually project a consistent image of theS
long-standing attributes of classroom environment.

This monograph falls into five main parts. First, an introductory

section provides background information about the field of classroom

+

o g 2 .
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> environment (including alternative assessment approaches, a historical

-perspective on past work, the distinction between school and classroom

environment, -and the unit-of-analysis question). Second, a section is

:'devoted to instruments for assessing perceptions of classroom

psychosocial environment., Third, an overview is given of several lines

: of past research involving environment assessments in science classrooms

5

a
“
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3
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Zlncluding associations between outcomes and environment, the use of

3
1 environment dimensions as criterion variables, and person-environment fit

studies of whether students achieve better, in their preferred
environment). Fourth, a description is given of recent research in which
quantitative and qualitative methods were combined to advantage within

the same classroom environment studies. Fifth, consideration is given to

1 teachers' use of classroom environment instruments in practical attempts

1 to improve their own classrooms.

BACKGROUND

This introductory section sets the scene for the remainder of the

. monugraph by raising four important issues which recur in subsequent

gsections. First, the method of assessing classroom environment in terms
of students' and teachers’' perceptions 1is compared with alternative
epproaches, and the relative merits of perceptual measures are weighed.
Second, a historical perspective 1is taken on past work wh'ich has
influenced the ways of conceptualizing, assessing, and investigating
clagsroom environment. Third, the distinction between school-level and
classroom-level environment is considered. Fourth, the important issue
of choosing an appropriate level or unit of analysis for classroom
Q
ERIC 3
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environment work is digcussed.

ApProaches tc Studying Classroom Environments ' -
The use of students' and teachers' perceptions .has. been-contrasted with
the method of direct observation which typicany invalves an oxtoml

observer in systematic coding of classroom communicatiou and ovpnto‘,:

according to some category scheme (e.g., Rosenshine & Furdt, 1973; tunkin

; & Biddle, 1974). The distinction between the "objective" approach ot‘gﬁ
. }

directly ohserving the environment and the "subjective™ approach based oa”

\.

2]

: milieu inhabitants®' apprehension of the environment is widely. roeomuod»

L
3
| in the psychological 1iterature (see Jessor & Jessor, 1973). .Ia ‘ﬁ
. iR
L particular, Murray (1938) introduced the term alpha press to.describe .the 4

: ' environment as assessed by a detached observer and the term bets p regs to, {:Er

od

describe the environment as perceived by milieu mmbitants. ,;a

1‘ Rosenshine (1970) makes the distinction between low inference and M 914
inference measures of classroom environment. Low inferance measuras tap :
specific explicit phenomena -(e.g., the number of gtudent quutionl),’ >
whereas high inference measures require a judgment about the meaning of %

:
classroom events (e.g., the degree of teacher friendliness). That ii,', }’
compared with 1low inference measures, high inference measures are: é
involved more with the psychnlogical significance thtut classroom svents -
have for students and teachers. wWherea? it has been common for classroom
observation schemes to focus on 1lo'¢ inference variables, perceptual.

: measures have tended to focus in high inference variables.

Fraser and Walberg (1981) outline some advantages which student

perceptual measures can have over observational techniques. Pirst,

paper-and-pencil perceptual measures are more eéonomical than. classroom-
O
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observation techniques which involve the expense of trained outside

observers. Second, perceptual meagsures are based on students’
experiences over many lessons, while observational data usually™are
restricted to a very small number of lesuons. Third, perceptual measures
-involve the pooled judgments of all students in s class, whereas
otservation techniques typically involve only a single observer. Fourth,
students’ perceptions, because thgy are the detorainants of student
behavior more so than the real situation, can be more important than
observed behaviors. Fifth, perceptual mcasures of classroom environment
typically have been found—to account for’ considerably more variance in

student learning outcomes than have directly observed variables.

Another approach to R studying classroom environments involves
application of the techniques of naturalistic inquiry, ethnogrsphy, aud
case study which are well illustrated b, the vivid descriptions. of
classroom settings found in popular books such ag To Sir With Love and
Thirty-Six children. Some of the other approaches to conceptualizing and
assessing human environments delineated by Moos (1973) iaclude ecological
dimensions (e.g., metearological and geographical dimensions as well .as
the physical design and architoctural featuros reviewus by Weinstein,
1979) or behavior settings which are ccnceptualized as naturally
occurring eculogical wunits concerned, with molar behavior and the
ecological context in which it accurs (e.s., Barker & Gump, 1964). In
another approach (e.g., Astin o Holland, 1961), the character of an
environment is assumed to depend on the nature of its members, while the
dominant features of an environment are considered to depend on its

members’ typical characteristics.

ERIC s,
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Historical Perspectives

By an interesting coincidence, this monitgraph is being published
approximately two decades since Herbert Walberg and Rudolf Moqs began »
their seminal independent programs of researih Which £form the stasting
points for the work reviewed in t! .s paper. It was approximately 20 .
years ago when Walberg began doveloping earlier versions of the widoiy
uged Learning Environment Inventory as part of the research and ~
evaluation activities of Harvard Project Physi.™ ,see Andorson & Walbetg,
1968; w¢ISer3. 1968; Walberg & Anderson, 1%68a, 1986b). Two decades ago-
also n;rk the time when Moos began developing the first of his
world-renowned social climate scales, including those for use in
psychiatric hospitals (Moos & Houts, 1968) and correctional institutions
(Moos, 1968), which ultimately resulted in the development of the widely
known Classroom Environment Scale (Moos & Trickett, 1984, 1987).

The way that the importcnt pioneering work of Walberg and Moos on
perceptions of classroom environment developed into major research
programs a.d spawned a lot of other reseatch is reflected in numerous
comprehensive 1literature overviews. Thesu include books (Moos, 1979a;
Walberg, 1979; Fraser, 1986a; Fraser & Walberg, in press; van der Sijde &
van de Grift, in press), monographs (Fraser, 198lb; Fraser & Fisher,
1983a), a guest-edited journa. issue (Fraser, 1980b), an annotated

bibliography (Moos & Spinrad, 1984), several state-of-tha-art literature

reviews (Randhawa & Fu, 1973; Anderson & Walberg, 1974; Wwalberg, 1976;-
Walberg & Haertel, 1980; Chavez, 1984; Fraser, 1986L, 1989b), ircluding 5 -
special purpose reviews with an emphasis on classroom environment work in

science wducation (Fraser & Walberg, 1981), in Australia (Praser, 198la),

and in Cermany (Dreesman, 1982; Wolf, 1983). As well, the American

ERIC 22

Aruitoxt provided by Eic:




gEducational Research Association established a very successful Special

Interest Group (SIG) on: the Study of Learning 2nvironments in 1984 and

this group sponsors an annual monograph (e.g., Fraser, 1986c, 1987b,

1988).

Although this pape~ focuses predominantly upon the classroom

environment work which developed over the previous two decades, it is

fully acknowledged that this research builds upon and has been influenced

by two areas of earlier work. First, the influence of the momentous

theoretical, conceptual, and measurement foundations laid half a century

ago by pioneers like Lewin and Kurray and their followers (such as Pace

and Stern) is recognized.

Second, Chavez (1984) observes that research

involving assessments of perceptions of classroom environment epitomized

in the work of Walberg and Moos also was influenced by prior work

involving low inference, direct observational methods of measuring

classroom climate.

One fruitful way to think about classroom 1life is in terms of Lewin's

(1936) early but seminal work on field theory. Lewin’s contribution was

to recognize that both the environment and its interaction with personal

characteristics of the individual are potent determinants of human

behavior

fgec von Saldern, 1984). The

familiar Lewinian formula,

B=f£(P,E), was first enunciated largely for didactic reasons to stress the

need for new research strategies in which behavior is conéidered to be a

function of the person and the environment.

Murray (1938) was the first

worker to follow Lewin's approach by proposing a needS-press model which

allows the analogous representation of person and environment in common

terms.

Personal needs refer to motivational personality characteristics

representing tendencies to move in the direction of certain goals, while

ERIC
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environmentsnl press provides an external situationil counterpart which

supports or frustrates the expression of internalized personality needs.

A
Needs-press theory has been popularized and elucidated in Pace and .
Stern's (1958) prize-winning and wldely cited article and in Stern’s
et
(1970) coxmprehensive book. 3

Although the work dae~ribed in this paper clearly has some nistoricel

antecedents in the work of Lewin, Murray, and others, earlier writin;;'

PN

neitt .. focus sharply on educational settings nor provide empirical

eviden : to support linkages between climate and educational outcomes.

Moreover, tne epiec work of Pace and Stern (1958), although involving high
inference measures of educational environments, focused on higher
education institutions rather than high/elementary schools and assessed
the environment of the whole college rather than the environment of :
specific classcooms. Consequently, this monograph'’s focus un the

previous two decades of research on perceived classroom environment is

distinective.

School-Level vs. Classroom-Level Environment

8]
Various writers have found it useful to distinguish classroom or

classroom-level environment from school or school-level environment,
which involves psychosocial aspects of the climate of whole schools
(Anderson, 1982; Fraser & Rentoul, 1982; Genn, 1984). MNevertheless,
despite their simultaneous development and logical linkages, the fields

of classroom-level and school-level environment have remained remarkably
independent. Consequently, it 18 common for workers in one field to have
little cogni.:ance of the other field and for different theoretical and -
conceptual foundations to be used to underpin the two arcas. Although

Q
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the focus of the present paper 1is primarily upon classroom-level

;. environment, it aiso is acknowledged that it would be desirable to break
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-away from the existing tradition of independence of the two fields of

- school and classroom environment and for there to Lie a confluence of the

two areas.

A common way of viewing school envirorment is to consider it asg
something distinct from and more global than classroom environment. For
example, whereas classroom climate might involve relationships between
the teacher and his/her students or among students, school climate might
involve relationships between teachers and their teaching colleagues,
head of aepartment, and schnol principal. Similarly, while classroom
environment 1is usually measured in terms of either student or teacher
perceptions, school environment is usually (but not exclusively) assessed
in terms of teacher perceptions.

School climate research owes much in theory, instrumentation, and
methodology to earlier twourk on organizational climate 1in busii.ess
contexts (Anderson, 1982). This point is clearly illustrated by the fact

that two widely used instruments in school environment research, namely,

Halpin and Croft’'s (15963, organizational  Climate Description

Questionnaire (0CDQ} and Stern's {1970) College Characteristic, Index
{ccI), relied heavily on previous work 1in business organizations.
Consequently, one feature of school-level environment work which
dis*inguishes it from classroom-level environment research is that the
former has tended to be associated with the field of educational
administration ard to rest on the assumption that schools can be viewed
as formal organizations (Thomas, 1976). Another distinguishing feature

is that, whereas classroom-level research has been concentrated on

ERIC 15
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secondary and primary schools rather than in higher education, 2 sizable

proportion of school-level environment research has involved the climatt-f

of higher education institutions.

Level of Analysis: private and Consensual press

Murray's distinction between alpha press (the environment ag observed

by an external cbserver) and beta press (the environment as perceived by }§

milieu inhabitants) has been extended by Stern, Stein, and Bloom (1956)
who distinguish between the idiosyncratic view that each person has of
the environment (private beta press) and the shared view that membors of
a group hold about the environment (consensual beta press). Private and
consensual bata press could differ from each other, and both could differ
from the detached view <f alpha press of a trained nonparticipant
obsgerver. In designing classroom environment studies, researchers must
decide whether their analyses will involve the perception scores obtained
from individual students (private press) or whether these will be
combined to obtain the average of the environment scores of all students
within the same class (consensual press).

A growing body of 1literature acknowledges the importance and
consequences of the choice of level or unit »f statistical analysis and
considers the hierarchical analysis and multilevel analysis of dats
(Cronbach & Webb, 1975; Cronbach, 197¢; Cronbach & Snow, 1977; Burstein,
1978; Burstein, Linn & Capell, 1978; Lincoln & Zeltz, 1980; Corno, Mitman
& Hedges, 1981; Larkin & Keasves, 1984; Goldstein, 1986; von Saldern,
1986). The choice of unit of analysis is of key iwportance for a number
of reasons. First, measures having the same operatii.nal definition can

‘(@ different substantive interpretations with different 1levels of
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one unit of analysis—could differ in magnitu;de and even in sign from

'relationships obtaired using another unit (Robinson, 1950). Third, the

use of certain units of analysis (e.g., individuals vhen classes are the

‘:primar:y sampling units) violates the requirement of independence of

observations and calls into question the results of any statistical

significance tests because an unjustifiably small estimate of the

:sampling error is used (Peckham, Glass & Hopkins, 1969; Ross, 1978). One

golution to this dilemma followed in recent research (Ross, 1978) is to
use the individual as the unit of analysis but to employ the Jack-knife

technique (Mosteller & 3Tukey, 1977) to adjust significance 1levels to

" allow for nonindependence of observations. Fourth, the use of different

units of analysis involves the testing of conceptually different
hypotheses (Cronbach, 1976; Bursteir, Linn & Capell, 1978).

For example, in a study of the effects of classroom environment on some
student outcome measure, use of the individual as the unit of analysis
(i.e., a between-student analysis) involves substantive questions about
the relutionship between individuals' outcomes and their environment
scores when class membership is disregarded. Use of the deviation of a
student's score from the class mean as the unit of analysis (i.e., a

pooled within-class analysis) involves subrtantive questions about

3

. whether the amount by which a student's classr.om environment score

dif{fers from that of his or her classmates is related to how much his/her
outcome performance differs from the class mean. vuse of the class mean
as the unit of analysis (i.e., a between-class analysis) asks whether thel
relationship between class means on the outcome measure varies with the
average environmen. perceptions of the students within a class.

ERIC ”
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Although the unit of analysis problem has received consi.t.ler:ablit
attention in the context of testing hypotheses using already devélopmij

classroom environment instruments, Sirainik (1980) considers it ironje 3

that concerns about analytic units have been virtually nonexistent at thé

stage of developing and empirically investigating the dimensionality of.

new instruments. Because of the central importance of the unit of. .

analysis probler in classroom environment research, subsequent sections
of this paper provide recurrent attention to this problem. For example,
separate validation information for the individual and the class as the
unit of analysis is reported, and the research reviews consider the level

of statistical analysis uscd in different studies.

INSTRUMENTS FOR ASSESSING CLASSROOM ENVIRONMENT

This section clarifies the background and nature of several instruments
comnonly wused in prior research jin science education to assess
perceptions of classroom learning environment. The instruments

considered are the Learning Environment iInventory (LEI), Clasaroosm
Environment Scale (CES), Individualized Classroom Environment

Questionnaire (ICEQ), My Class Inventory (MCI), College and University

Clagsroom Enviconment _Inventory (CUCEI), and Science Laboratoty
Environment Inventory (SLEI). Each instrument is gsuitable for convenient

group administration, can be scored either by hand or computer, and ixlc

been shown to be reliable in extensive field trials. Each of these

instruments is considered in a separate subsection below. In addition,

separate subsections are devoted to preferred forms of scales, some

economicai short forms of the ICE(, CES, and MCI, hand scoring procedures,

ERIC R
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and scale validation.

Table 1 shows the name of each scale contained in the LEIL, CES, ICEQ,
MCl, CUCEL, and SLEI. The table summarizes the level (elementary,
secondary, higher education) for which each instrument is suited, the
number of items contained in each scale, and the classification of each
scale according to Moos's (1974) scheme for classifying human
enviconments. Moos's three basic types of dimension are Relatioqshln

bimepsions (which identify the nature and intensity of personal

relationships within the environment and assess the extent to which
people are involved in the environment and support and help each other),
Personzl Development DpDimensions (which assess basic directions along

which personal growth and self-enhancement tend to occur), and System

Maintenanc2_ and System Change Dimensions (which involve the extent to
which the environment is orderly, clear in expectations, maintalins

control, and is responsive to change).

Learning Environment Inventory (LEl)

The initial development and validation of a preliminary version of the
LEL began in the late 1960s in conjunction with the evaluation 3nd
research related to Harvard Project Physics (Anderson & Walberg, 1974;
braser, Anderson & Walberg, 1982). The LEl is a 15-scale expansion and

L 2
improvement of the Classroom tlimate Questionnaire. In selecting the 15

climate dimensions, an atiempt was made to include as 3cales only

concepts previously identified as good predictors of learning, concepts

~ considered releva.t to sociral psychological theory and research, concepts

similar to those [ound useful 1n theory and research in education, or

ERIC 5 g
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TABLE 1

. Overview of Scales Contained in Five Classroom Envirorment Instruments -
(LEI, CES, ICEQ, MCI, and CUCEI)

Scales Classified According to Moos's Scheme

Items Relationship Personal System
{nstrument level Per  dimensions development maintenance
Scale dimensions & change
dimensions
Learning Secondary 7  Cohesiveness eeed Oiversity
Envirorment Friction Oifficulty Formality
{nventory Favoritism Competitiveness Material
(LET) Cliqueness Environment
Satisfaction Goal Oirection
Apathy Disorganization
Oemocracy
Classroom Secondary 10 I'nvoivement fask Orientation Order &
Envlmmnt Affiliation Competition Organlzatlon
Scale Teacher Rule Clarity
(CES) Support Teacher Contie
Innovation
Individualizza Secondary 10 Personalization independence Differentiation
Classroem Participation investigation
Envirsiment
?uestionnaire
{CEQ)
My Class Elematary 6-9 Cohesiveness Difficulty
{nventory Friction Compet i tiveness. ;
(MC1) Satisfaction
College and Higher 1 Personalization Task Orientation Innovation
University Education {nvolvement {ndividualization
Classroom Student
tavironment Cohesiveness '
{nventory Satisfaction
(CUCLD)
Science Sentor reacher Open-< antzation
Laboratory Secondary, gportlveness lntegratlon ule Clarity
Environment Higher involvement mterhl
Inventory Education Student Environment .
(SLEI) Cohesiveness
o 14
FRIC 20




concepts intuitively judged relevant to the social psychology of the

clagsroom. . . -

The name of aach of the 15 LEI scales is listed in ‘fable 1 and each has

a common-gense mearing. The final version of the LRI containg a total.of

j- 105 statements (or sgeven per scale) descriptive of typical school

i AR
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classes. The respondent oxpresses degree of agreement .or disagreement
with each statement on a four-point gcale with response alternatives of
Strongly Disagree, Disagree, Agree, and Strongly Agree. The scoring
direction (or polarity) 1is reversed for some items. A tynical item
contained in the Cohesiveness scale is: "All students know each other
very well.” An item from the Speed scale is: "The pace of the class is

rushed.”

Classroom Environment Scale (CES)
The CES was developed by Rudolf Moos at Stanford uUniversity (Trickett &
Hoos, 1973; Fisher & Fraser, 1983c; Moos & Trickett, 1984, 1987) and grew
out of a comprehensive program of research involving perceptual measures
of a variety of human environments including psychiatric hospitals,
prisons, university residences, and work milieus (Moos, 1974). The
original version of the CES consisted of 242 items representing 13
~onceptual dimensions. Following trials of the, items in 22 classrooms
and subsequent items analysis, the number of items was reduced to 208..
This item pool was administered in 45 clcasrooms and rodiflied to form the
final 90~item version of the CES. These items were evaluated
statistically according to whether they discriminated significantly
between the perceptions of students in different classrooms and whether
they correlated highly with their scale scores.
El{lﬁc 15 .
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Moos and Trickett's (1974, 1987) final published version of the CES
contains nine scales with l'' items of True-False respcnse format .in each
scale. Pubiished materials include a %est manual, a questionnaire, an
answer sheet, and & transparent hand scoring key. Typical items in the
CES are: "The teacher takes a personal interest 1n the students”
(Teacher Support) and "There is a clear set of rules for students to

follow" (kula Clarity). *

individualized Classroom Environment Questionnaire (IZCEQ)

The XCEQ differs from other clagsroom environment scales in that it
assesses those dimensions (e.g., Personalization, Participation) which
distinguish individualized classrooms from conventionsl ones. The initial
developirunt of the long form ICEQ (Rentcul & Fraser, 1979) was guided by
several criteria. First, dimensions chosen characterized the classroom
learning environment described in individualized curriculum materials and
in the 1iterature of individualized education, including open and
inquiry-based classrooms. Second, extensive interviewing of teachers and
secondary school students ensured that the ICEQ's dimensions and
individual items were considered salient by teachers and studerts.
Third, items were written and subsequently m.dified after receiving
reactions sought from selected experts, teachers, and junior high school
students. Fourth, data collected during field testing were subjected to
item analyses in order to identify items whose removal would enhance
scale statistics.

The final publisied version of the ICEQ (Fraser, 1989a) contains 50
items altogether, with an equal number of items belonging to sath of the
five scales. Each item is responded to on a five-point scale vith the

2 22.
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‘alternatives of Almost Never, Seldom, Sometimes, Often, and Very often.

The scoring direction is reversed for mary of the items. Typical items

are: "The teacher considers students® feelings" (Personalization) and

"Different students wuse different books, equipment, and matsrials"
(Differentiation). The published form of the ICEQ consists of a handbook
and test master sets from which unlimited number of copies of the

questionnaires and response sheets can be made.

* My Class Inventory (MCI)

The IEL has been simplified to form the MCI which is suitable for
children in the 8-to-12 years age range (Fisher & Fraser, 198l; Fraser,
Anderson & Walberg, 1982; Fraser & O'Brien, 1985). Although the MCI was
developed originaily for use at the elementary school level, it also has
been found to be very useful with students in the junior high school, /
especially those who might experience reading difficulties with the LEI.
The MCI differs from the LEI in four important ways. First, in order to
minimize fatigue among younger children, the MCI contains only five of
the LEl's original 15 scales. Second, item wording has been simplifi.d
to enhance readability. Third, the LBI's four-point response forma: has
been reduced to a two-point (Yes-No) vesponse format in the MCI. Fourth,
students answer on the questionnuire itself instead of on a ueparate
response sheet to avoid errors in transferring responses from one place
to another.

The final form of ‘Y MCI contains 38 items altogether (six for
Cohesiveness, elght for Friction, eight for Difficulty, nine for
Satisfaction, and seven for Competitiveness). Typical items contained in

the MClL are: <Children are always fighting with each other” (Friction)

o 17
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and "Children geem to 1like the class" (Satisfaction). It can be seen

that the reading level of these MCI items is well suited to gtudents at

L

the elementary school level.

College and University Classroom Environment Inventory (CUCEI)

Although some notable prior work has focused op the institutional—lovo;

L R

or school-level environment in colleges and universities (e.g., Pace 6“‘
Stern, 1958; Halpin & Croft, 1963; Stern, 1970), surprisingly little work '

has been done in higher education classrooms which isg parallel to the

traditions of classroom environment research at the secondary -and

elementary school levels. As one likely explanation for this shortage is-

simply the unavailability of a suitable, instrument, the CUCRI was
developed to fill this voil. The GCUCEI is intended for use in small
classes (say up to 30 students) sometimes referred to as seminars; it ig
not sulited to lectures or laboratory classes (Frassr & Treagust, 1986;
Fraser, Treagust & Dennis, 1986). .g

The initial development of the CUGEI involved examining the scales and

items in the LEI, CES, and ICEQ to identify concepts and ideas relevant

to higher education settings. An initial pool of items was developed and:

then modified, first after subjecting items to the scrutiny of colleagues

ot

and then after performing item analyses on data collected during field
trials. The final form of the CUCEI contains seven geven-item gcales.
Each item has four responses (Strongly Agree, Agres, Disagree, Strongly
Disagree) and polarity is reversed for approximately half of the items.

Typical ilems are: “Activities in this class are clearly and carefully.

planned” (Task Orientation) and "Teaching approaches allow students to

proceed at their own pace” (Individualization).

o 18
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- Science Laboratory Environment Inventory (SLEI)

2 Boc;'usa of the critical importance and uniqueness of lahoratory
s

settings in science education, a new instrument specificaliy suited to
'c;uesslng the environment of science laboratory classes at the senior
: high school or higher education 1levels recently was developed in

3 i
' collaboration with colleagues from various countries. This new

© questionnaire, the SLEI, has the eight seven-item gcales listed in Table

1 and the five rescponse alternatives are Almost Never, Seldom, Sometimes,
3 Often, and Very Often. A notew.rthy feature of the validaticn prosedures
-employed is that the SLBI is being field tested simultaneously in six

countries (the USA, Canada, England, Israel, Australia, and Nigeria) in

cross-national validity and usefulness.

A
Y
4
éf
%order to furnish comprehensive information about the instrument's
A
gz
1
X
3
3

foaferred Forms of Scales

3

A disticctive feature of most of the instruments in Table 1 is that
they have, not only a form to measure perceptions of actual classroom
environment, but also another form to measure perceptions of preferred
clagsroom environment. The preferred (or ideal) forms are concerned with
goals and value orientations and measure perceptions of the classroom
environment ideally 1liked or preferred. Although item wording is
identical or sgimilar for actual and preferred forms, different
instructions for answering each are used. Having different actual and
prefsciet forms has enabled these instruments to be used for the range of
new research applications which are discussed later in this publication.
Although the LEI and MCl originally were designed only to measure actual

environment, Fraser and Deer (1983) and Fraser and O'Brien (1985) have
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used & oreferred form of the MCI successfully with elementary school ,>.‘

classes. - .
Short Forms of ICEQ, MCX, and CES °3

Degpite the fact that the 1long forms of classroom environment -

instruments have been used successfuliy for a variety of purposes, Jome

\

researchers have expressed a preference for a more rapid: and economical

-
Lo Bt

5 instrument. Similarly some teashers w<ing these scales for localy

; school-based applications have reported that they would like instruments ;
| to take less time to edminister and score. Consequently, short forms cfé
'l the ICEQ, MCI, end CES wWere developed (Fraser, 1982a; Fraser- & Fishar, ?
i 1983b) to satisfy three main criteria. First, the total number of itees :3
l in each instrument was reduced to approximately 25 to provide 3reotor%§
‘ economy in testing and scoring time. Second, the short forms were :j
designed to be amonable to easy hand scoring. Third, although most
:,0 existing classroom environment instruments were developed to provide

adequate reliability (or the assessment of the perceptions of individuasl 0
students, the majority of applications involve gveraging the -perceptions, 3
of students within a class to  btain class means. Congequently, it was o
decided that thoe short forms would be developed to have adequate
re.iability f,c uses involving the assessment of class means. The use of °

the long form of these instruments, however, is still recommended for

applications involving the individual student as the unit of analysis. )

I

The davalopment of the short forms was based largely on the recults of
several item analyses performed on data obtained by administering the
long form of each instrument to a large sample of science students. In
particular, the internal consistency of each scale was maximized by

Q 20
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selecting items with large item-remainder correlations (i.e.,

correlations between item score and total score on the rest of the
scale), and discriminant validity was enhanced by including an item only
if the correlation with its a p01l01 assigned scale was smaller than

the correlation with any other items in the battery. 1In addition to

_ these statistical criteria, the development of the short forms was based

on logical considerations including face validity and an attempt to
achieve a balance of items with positive and negative scoring directions
(both within each scale and within each instrument as a wholc>.
Nevertheless, because the long forms of some scales have an imbalance in
the number of items with positive and negative polarity, this imbalance
tended to be maintained in the short forms of these scales.

The application of the above criteria led to the development of short
forms of the ICEQ and the MCI each consisting of 25 items divided equally
among the five scales comprising the long form of each instruzent.

Because the long form of the CES consisted of 90 items, this was reduced

considerably-to‘io;; a short version with Zk.igggf_divided equally among

six of the original nine scales. Furthermore, the ;;;elbpment of ;g;§§
short form was guided by the fact that Trickett and Moos (1973)

previously had recommended a short four-item version of each of the CES's

nine scales. In fact, the present short form consists of five scales

which are identical to those recommended by Trickett and Moos (namely,

Involvement, Affiliation, Teacher Support, Order and Organization, and

Rule Clarity) and a sixth scale (namely, Task Orientation) which contains

two out of the four items recommended.

In order to clarify the nature of the short forms, a copy of the actual

short form of the MCI 1s shown in Appendix A. Unlike the long form, the

Aruitoxt provided by Eic:
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short form of the MCI does not need to make use of .a separate answer

sheet because all items and space for responding %it on a single page.

Hand Scoring Procedures

Appendix A illustrates typical hand scoring procciures for onqk':

classroom environment instrument, namely, the short form of the MCI.~

First, inclusion of the letter R in the Teacher Use Only column B

identifies those items which need to be scored in the reverse direction.
Second, items ;re arranged in blocks and in cyclic order so that all %
items from the same scale are found in the same position in each block.
For example, the first item in each block of five items in the MCI _;
belongs to the Satisfaction scale (see Appendix A). Items in Appendix A*‘
without the letter R are scored by allocating a score of 3 for the
response Yes and 1 for the response No. Underlined items with the letter
R are scored in the reverse manner. Omitied or invalidly answered items
are scored 2.

‘ To obtain scale totals, the five item scores for each scale are added.
The first, second, third, fourth, and fifth items in each block of five, N
respecti&ely. easures Satisfaction, Friction, Competitiveness,
Difficulty, and CTohesiveness. For example, the total Satisfaction score
is obtained by adding scores for items 1, 6, 11, 16, and 21. Seale B
totals can be written in the spaces provided at the bottom of the
questionnaire  Appendix A illustra.es how these scoring procedures were
used to obtain a total of 10 for the Satisfaction scale and a total of 12

for the Cohesiveness scale.

o ‘
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3 _‘{al;dstion of Scales

consistency reliability (alpha coefficient) and discriminant validity =

discriminant validity (although ecach instrument appears to assess

This subsection reports typical validation data for some classroom
environment scales. Table 2 provides a summary o a limited amount of
statistical information for the five instruments (the LEI, CES, ICRQ,
uci. and CUCEI) considered previously. (Comprehensive validation

information was not yet available for the recently-developed SLEI at the

time of writing this monograph.) Attention is restricted to the student
actual form and to t'a use of the individual student as the unit of W

analysis. Table 2 provides information about each scale's internal

(using the mean correlation of a scale with the other scales in the same
instrument as a convenient index), and the ability to differentiite
between the perceptions of students in different classrooms (significsnce.
level and etaz statistic from ANOVAS). Statistics are based on 1,048
students fer the LEI, except for discriminant validity data which are
pased on 149 class means (Fraser, Anderson & Walberg, 1982), 1,083
students for the CES (Fisher & Fraser, 1983c), 1,849 studsnts for the
ICEQ (Fr:'aser:. 1989a), 2,035 students for the MCI (Pisher & Fraser, 1981),
and 372 students for the CUCEI (Fraser & Treagust, 1986). Generally the
data reported in Table 2 suggest that the actua-l form of each scale of

each instrument has adequate internal consistency reliability and

somewhat overlapping aspects) and has the ability to differe.tiate
between classrooms (although no data are available for the LEI for this

characteristic).

ERIC ® <8
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TASLE 2. Internal Consistency (Aloha Reliability), Oiscriminant Validity (Mean
Correlation of a Sgale with Other Scales), and ANOYA Results-<for Class Membership
Differences (Eta¢ Statistic and Significance Lavel) for Stident Actual Form of :
Five Instruments Using Individual as Unit of Apalysis r

Scale Algha Mean  ANOYA Scale Alpha Mean  ANQYA -
Rel. Correl. Results Rel. Correl.:Results
with with "z"
Zier  Etal . Other  Eta? .
Scales .
Scales
Learning Envirorment Inventory Individualized Classroom Enviromment i
( . Questionnaire N
N= = H
1048 149 (M = 1,849 students)
Students) classes) . ’ o
Personalization 0.79 0.28 0.3
Cohesiveness 0.69 0.14 - Participation 0.70 0.27 0.2)x
Diversity 0.54 0.16 - Independence 0.68 0.07 0.30%
Formality 0.76 0.18 - Investigation 0.71 0.21 0.20* .-
Speed 0.70 0.1 - Oifferentiation 0.76 0.10 0.43% -
material tnvirorment 0.56 0.24 - B
Eoa) brecti 0.0 0 T My class tvento :
Goal Direction . . - Class inventory 3
Favorjiiom 0.78 0.32 - :
Difficulty 0.64 S.16 - (N = 2,305 students) )
Apathy 0.82 0.39 - i
Democracy 0.67 0.34 - Cohesiveness 0.67 0.20 0.2l
cliqueness 0.65 0.33 - Friction 0.67 0.26 0.31*
Satisfaction 0.19 0.39 - Oifficulty 0.62 0.14 0.18% .
Disorganization 0.82 0.40 - Satisfaction 0.78 0.23 0.30*
Competitiveness 0.78 0.08 - Competitiveness 071 0.10 0.19¢ .
3
Classroom Environment Scale College and University Classroom C
environment Inventory :
(N = 1,083 students)
(N = 372 students)
Involvement 0.70 0.40  0.29*
Affiliation 0.60 0.24 0.21* Personalization 0.75 0.4 0.35¢
Teacher Support 0.72 0.29 0.34* Involvement 0.70 0.47 0.40% -
Task Crientation 0.58 0.23  0.25* student Cohesiv. ss 0.90 0.45 .0.47* .
Competition 0.51 0.09 0.18* Satisfaction 0.88 0.45 0.32¢ .
Order & Organization 0.75 0.29  0.43* Task Orientation 0.75 0.38¢ 0.43¢ ;
Rule Clari 0.63 0.29 0.21* lnnov?tion 0.81 0.46 0.41* -
Teachor Control 0.60 0.16  0.21* Individvalization 0.78 0.38 0.46*
Innovation 0.52 0.19  0.26* ¢
% p<0.01 ‘
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Table 3 illustrates the reporting of more comprehensive validation

;?\i.nfomati.on for one instrument, namely, the ICEQ. This table

i* incorporates reliability and discriminant validity data separately for

7

;
E for the student statistics. The sample consists of 1,849 students in 150
‘ junior high school classes in Australia for the student actual form,
' 1,858 students in the same 150 classes for the preferred form, 90
f teachers of some of the same classes for the teacher actual form, and 34
i teachers of some of the same classes for the student preforred form.
§0verall Table 3 suggests that the ICEQ displays adequate internal

consistency reliability and discriminant validity for use with students

- or teachers, in its actual or preferred form, and using eithér the

individual student or the class mean as the unit of analysis.
RESEARCH INVOLVINC CLASSRONM ENVIRONMENT INSTRUMENTS

In order to illustrate the range of possible uses of classroom
environment scales, past studies which have employed various instruments
are briefly reviewed in this section. The three types of research
considered involved .{a) associations between student outcomes and
classroom environment, (b) use of classroom envirom.ent dimensions as
criterion variables (including curriculum evaluation studies and
investigations of differences between students' and teachers' perceptions
of the same classrooms), and (c) investigations of whether students

achieve better when in their preferred environments.

. T

* students and teachers, separately for actual and preferred forms, and

; separstely using the individual and class mean as the unit of analysis:

e
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TABLE 3. Intarnsl Consistency (Alpha Rellsdility) od Discriminent. Validity (Wesn Corralation of s Scele with Other Four

. Scalas) for Two Units of Asslysis for 1CBQ
4

Alpha Relishility

Nosn-Corrulatisn with Other.Scal=s

unit of
Scale Analysls o . B ) A oo . ’
Student  Student  Teacher  TYeacher  Studeat  Studeat  TYescher  Teacher
sctusl pref. sctual pref. sctual poet; sctusl prof.
(lﬁill’ (Ns1858 (¥=%0) (B-34) (He1849 (Ne1858 (8=90) (¥e34)
a150)% & 1%0) & 1500 % 150)°
Personalization 1ndividuul 0.7 0.74 0.79 0.24 0.28 0.31 0.32 0.29
Class 0.9 0.96 0.31 0.35
Partlcipstion Individual 0.70. 067 0.79 0.82 0.27 0.29 0.39 0.34
Class 0.80 0.75 0.32 0.32
Indspendence Individusl 0.68 0.70 0.83 0.86 0.07 0.12 0.23 0.25
Clsss 0.78 0.79 0.16 O.l?
Investigation Individual 0.71 0.7% 0.80 0.9 0.21 0.27 0.34 0.33
Class .77 0.83 0.29 0.31
Differentistion Individual 0.7¢ 0.75 0.85 0.81 0.10 0.16 0.29 0.16
Clase 0.91 0.92 6.19 0.20
Py 3 Y ~

S The ssaple slzas shown sre the number of individual, students and classes, respectively.
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Associations Between Student Outcomes and Classroom Environment

The strongest tradition in past classroom environment research has
involved investigation of associations between students' cognitive and
affective learning outcomes @ their perceptions oé psychosocial
characteristics of their classrooms (Haertel, Walberg & Haertel, 1981).
Numerous research programs have shown that student percepticns account
for appreciable amounts of variance in learning outcomes, often beyond
that attributable to background student characteristics. The practical
implication from this research is that student outcomes might be improved
by creating classroom environments found empirically to be coiducive to
learning.

Table 4 provides a broad overview of the comprehensive set. o past
studies !n which the effects of classroom environment on science student
outcomes were investigated. The only studies included in this table are
ones whose sample consisted wholly ar partly of science classes at the
secondary or higher education levels, or of elementary sc.ool classes in
which students take all their subjects including science with the sa;e
teacher and in the same room. Table 4 excludes studies which invalved
non-science subject areas such as mathematics (0°'Reilly, 1975) and social
studies (Cort, 1979; Fraser, Pearse § Azmi, 1982). Studies are grouped
according to whether they involved use of ;he LEI, CBS, ICEQ, MCI, or
other iastruments. Also research in developing countries 1is grouped

together This table shows that studies of associations between outcome

measures and classroom environment perceptions have involved a variety of .

cognitive and affective outcome measures, a variety of classroom

environment instruments, and a wvariety of samples (ranging across

numerous countries and grade levels). '
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The findings from prior research are highlighted in the results of an
ambf tious meta-analysis involving 734 correlations from a collection of
12 studies of 10 data sets from 823 classes in eight subject aress
containing 17,805 students in four nations (Haertel, Walberg & Haertel,
1981). Learning posttest scores and regression-adjusted gains were found .
to be consistently and strongly associated with cognitive and affecl:i.m‘_f
learning outcomes, although correlations were generally higher in samples: !
of older students and in studies employing collectivities such as classes’
and schools (in contrast to individual students) as the units of.
statistical analysis. In particular, better achievement on a variety of
outcome measures was consistently found in classes perceived as having
greater Cohesiveness, Satisfaction, and Goal Direction, and 1less
Disorganization and Friction.

Fisher and Fraser's (1983%) study reported in Table 5 illustra'tes some .
of the methodological complexity involved in rigorous studies of the
effects of classroom environment on student outcomes. This study uged
the data base from the sample of science classes in Tasmania. It
coasisted of a representative group of 116 Grade 8 and 9 classes, each
with a different teacher, in 33 different schools. Approximately equal
nunbers of schools were in country and suburban areas, and approximately
equal numbers of boys and girls made up the sample. Although the sample
was not randomly chosen, it was carefully selected to be ag
representative as possible of the population of schools.

Three cognitive and six affective measures were administered both at
the beginning and end of the same school year, while classroom
environment was assessed by administering the CES at mid-year. The three-

cognitive outcomes were measured by the Test of Enquiry Skills (Praser,

o 34 28

-
Aruitoxt provided by Eic:




L8

AT TN IR TR PR R AN T AN IO A g W

Ll dda o4

Lo

TR NS

Ch ot £ Rl o LRSS A T2t S 7Y

AT

Rkl

TABLE 4.

Studies of Associations Between Student Outcomes and Classroom Znvironment

Study

Outcome Measures

Sample

Studies Involving LE]

Anderson & Walberg (1968):
Walberg & Anderson (1968a);
Anderson (1910);

wWalberg (196%b, ¢, 1972)

Walberg & Anderson (1972)

Lawrenz (1976)
Fraser (1978, 1979a)

Power & Tisher (1975,
1979)

Hofstein et al. (1979)

Haladzna. Olsen &
Shaughnessy (1982);
Haladyna, Shaughnessy &
Redsun (1982a,b);
Haladzna. Shaughnessy &
Shaughnessy (1383)
Studies Involving CES

Irickett & Moos (1974)
Moos & Moos (1978)

Moos (1979a)

Fisher & Fraser (1983b)
(See study reported in
detail in this monograph)

Galluzi et al. (1980)

Hurphrey (in press)

Keyser & Barling (198%)
O
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Selected from: achievement;
understanding of nature of
science; science processes;
participation in physics
activities; science
interest; attitudes

Examination results

Science attitudes

Inguiry skills; attitudes;
understanding of nature
of science

Achievement; attitudes;
satisfaction

Attitudes

Attitudes

Satisfaction and mdod
criteria

Absences;
grades

Indexes of student reactions

Inquiry skills;
attitudes

Psychological outcomes
Self-contro}

Academic self-efficacy
beliefs

29

Various samples (maximum
cf 144 classes) of senior
high school physics
students mainl{ tn USA,
but with some in Canada

1,600 Grade 10 and 11
students in various
subject areas in 64
classes in Montreal,
Canada

238 senior high school
aglence classes in midwest

S31 students in 20 Grade
1 science classes in
Melbourne, Australia

315 junior hésh school
students in 20 science
classes in Melbourne,
Australia

400 Grade 11 students in
12 chemistry classes in
Israel

5,804 science, mathematics
and social studies
students in 277 Grade 4, 7
ﬁ?d 9 classes in Oregon,

A

608 students in 18 classes
in USA

19 high school classes in
one school in USA

241 secondary school
classes in various
subject areas

116 Grade 8 and 9 science
classes throughout
Tasmania, Australiz

414 Grade & students in
Usa

150 Grade 4 and S children
in 35 classes in USA

504 Grade 6 <hildren in
South Africa




TABLE 4 (Continues;

Study Outcome Measures Sample
Studies Involving ICEQ

Rentoul & Fraser (1980)

wierstra (1984)
Wierstra et al. (1987)

Fraser (1981c); Fraser
& gutts (1982)

Fraser, Nash &
Fisher (1383)

Fraser & Fisher (1982b}

Studies Involwing M
Fraser £ Fisher (1982a, ¢)

Payne et al. (1974-75);
Ellett et al. (1977):
Elfett & Walberg (1979)

Fraser & 0'Brien (1985)

Lawrenz (1988)

lnjuiry skills;
enjoyment

Attitudes;
achievement

Attitudes;
achievement

Attitudes

Anxisty

Inquiry skills;
attitudes

.'::gui suills;
ungerstaiding of nature of
science; attitudes

Achievement;
school sttendance

Word knowledge;
caomprehension

Energy Knowledge; two energy
attitude sca?gg '

Studies [nvolving Other [nstruments

Kelly (1980)

Johnson et al. (1981);
Johnson et al. (1984);
Slavin (1983a,b)

Fraser & Treagust
(1986)

Talton (1983)

ERI
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Achievement

Different studies included:
achievement; cross-ethnic
relationships;
cross-handicap relationships

Satisfactinon; locus of control

Attrivie;
achievement

36

30

285 junior Mgh scheol
students in 15 science amdt
social science classes in
Sydney, Australia

398_15-16 year-o1d students .in
9 classes in the Netherlands:”

1,105 secondaq school Students -
in 66 classes involved in.Outch-j
option of Second International

Science Study N

paximum or 712 students  in
30 junior high scheai
science classes in-Sydney,
Australia

116 Grade 8 and 9 science
classes throughout Tasmdnia, >
Australia .

116 Grade 8 and 9 science
classes throughcut Tasmania,
Australia

2,305 Grade 7 science
students in 100 classes in
Tasmania, Australie

6,151 Grade 4-students in
8% schools in “eorgia, USA

758 Grade 3 students in 32
classes in Sydney, Australia:

Kpproximately 1,000 Grade 4
and 7 students In 34 classes -
in Arizona, USA

41,657 students in 1,735
schools in 14 developed
countries involved in an
1EA science study.

various saples involved ;
in studies of cooperative 4
learning strategies In various 3
subjects, especially in USA ~,

372 higher edycation K
students in 34 classes in ]
various subject areas S

1,456 Grade 10 biolegy )
students in 70 classes in {
4 schools in North Carolina
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TABLE 4 (Continued) !

Study Outcome Measures Sample .

¢

Perkins (1978) Basic skills 103 Grade-4.students in i
42 elementary schoois in a :

SE state in USA s

Brookover & Schnelider
11975). l:*ookover et a).
1978, 1

Gardner (1974, 1976)

Payne et al. (1974-15);
Ellett § waiberg (1979}

Wubbels et al). (1988)

Achicvement

Attitudes

Achievement

Aurievement; attitudes

Studies In Oeveloping Countries

Walberg, Singh &
Rasher 11977)

Schibeci, Rideng & Fraser
Gosn)

Paige (1978, 1979)

Holsinger (1972, 1973)

Persaud (1976)

Chatiyanonda (1978)

Achievement

Attifudes

Achievement;
individual modernity

Information learning;
individual modernity

Noncognitive outcomes
including social
development and aspiration
levels

Attitudes

8,078 Grade 4 and 5
students in Michigan, USA

1,014 Grade 1) physics
sludents in 58 classses in
Mel boumc. Australia

3,350 elmnury and 3,613

.econdary students in various

subject areas and 1, 200 ;
teachars in Georgl a. ‘

1,105 sccomhq school students %
in 66 classes involved in Dutch-
option of Second International
Science Study

3,000 Grade 10 science and

social science students in

}So,classcs in Rajasthan,
ndia

256 Grade 11 bio) students
in six classes in Indonesia

1,621 Grade 6 students in 60
schools in East Java,
Indonesia .

2,533 Grade 3-5 students
in 90 classes in Brazi)

1,277 Grade 3 and 6 students
in 18 schools in Jamaica

989 Grade 12 ghyslcs
students in 31 classes in :
or near Bangkok, Yhailand .
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1979b) and the six attitude measures each consisted of ten items of:

Likert format selected from the Test of Sggtng!-ggu;gd Attitudes

(Fraser, 1981d)., In addition, information was gathered about the general:

ability of the students using a version of the Otis test. ’In order to.
permit comparison with results from methodologically diverse past

studies, data were analysed in six different ways (namely, simple,

multiple, and canonical correlation analyses performed separately for raw-

posttest scores and residual posttest scores adjusted for corresponding
pretest and general ability).

It has been common in prior research to perform a conservative tegt of
outcome-environment relationshipa by controlling statistically certain
student characteristics, especially corresponuing pretest and general
ability. That ic, for reasons of simplicity, learning environment
dimensions have been considered useful predictors of student learning
outcomes only if they accounted for different variance from that
attributable to well-established predictors such as pretest and general
ability (Walberg & Haertel, 1980). While conservative analyses in which
student characteristics are controlled have the merit that they do not
overestimate the variance component attributable to environment, they{
might well underestimate the impcrtance of the environment component
because any variance shared by environment anr, student characteristics is
removed. For this reason, all analyses f(simple, multiple, canonical
correlation) were performed twice, once using raw posttest scores as the
criterion variables and once using residual posttest scores adjusted for
corresponding pretest and general ability.

Table 5 stows the results of the six types of analyses. The first pair

of analyses are the least complex as they involve simple correlations
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between _lass means on the nine environment scales and class means on
each of the nine outcome posttests (using either raw scores or residual
'»scor;'es) A major advantage of these simple correlational annlysu is
' that they furnish data to other workers interested jin associations
‘botw'een pacticular environment variables .and particular outcomes. The
i results in 7Table 5 show that the number of gignificant
; outcome-environment correlations (p<0.05) was 27 for the analysez
involving raw posttest scores (i.e., about seven times that expected by
chance) and 18 for the analyses using residual posttest scores (about
:rfour times tl;at exnected by chance).

The second pair of analyses reported in Table 5 consisted of g multiple
correlation analysis invslving the set of nine environment gecales
" perforned separately for each outcome using either raw or residual
. criterion scores. The multiple correlation provides a more parsimonious
picture of the joint influence of correlated environment dimensions on
1 outcomes and reduces the Type I error rate associated with simple
i correlational analyses. These analyses are likely to be of particular
;. relevance to people interested in particular outcome measures. Table 5
shows that the rultiple correlatiun between raw outcome scores and the
) set of classroom environment scales ranged from 0.30 to .51 and was
‘significantly greater than zero (p<0.05) for seven of the nine outcomes.
. As expected, multiple correlations were smaller for analyses involving
residual scores, but their magnitudes still ranged from 0.27 to 0.47 with
four of these being statistically significant.

In order to lnterpret which individual classroom environment scales
were making the largest contribution to explaining variance in learning

outcomes, an examination was made of b and beta weights for those
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regression equations for which the multiple correlation for the whole
block of nine environment scales had been found to be significantly
.greater than zero (p<0.05). The right hand side of Table 5 1lists the
magnitude of the beta weight for those individual environment scales
whose b weights were significantly different from zero (p<0.05) and for
which the corresponding block of environment scales also had a
significant multiple correlation. This requirement that the sultiple
correlation for the whole block of environment scales should meet the
0.05 sisni.fi.cance eriterion provides protection 2zsinst an inflated
experimentwise Type I error rate. This table shows that the number of
significant relationships for individual environment variables was 11 for
raw criterion scores and 5 for residual criterion scores. Some specific
examples of the results for residual scores are that Social Implications
of Science scores were higher in classes perceived as having greater
Order and Organization, and Leisure Interest in Sclience scores were
higher in classes perceived as having greater Order and Organ.--tion and
Innovation.

Although use of multiple correlation analyses overcomes the problems of
collinearity between environment scales, collinearity between outcome
measures could still give rise to an inflated experimentwise Type I error
rate Canonical analysis, however, can provide a parsimonious picture of
relationships between a domain of correlated learning outcomes and a
domain of ccecrelated environment dimensions. Consequently, two canonical
analyses were conducted (one involving raw utcome scores and one
involving residual scores) using the class mean is the unit of analysis.
The bottom of TaLle 5 shows that both canonical analyses yielded at least

one significant canonical correlation. Two significant canonical

El{fC 35
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correlations of 0.67 (p<0.01) and 0.54 (p<0.05), respectively, were found{

between environment scales and raw posttest scores, while one significant

e AV 2ae and

canonical correlation of 0.62 (p<0.01) was found between environment |

scales and residual posttest scores. N

In order to interpret the resuits of the canonical analyses, an.

{

examination was made of the magnitudes and signs of the structufe”’

N

coefficients (i.e., simple correlations of 3 canonical variate with i.ts_g
constituent variables) associated with each significant canonica -
variate. The interpretation of the first rlgnifizant canonical

correlation for the analysis involving raw scores was readi).yg

interpretable. It indicated that attitude s-ores on the Enjoyment of '
Science Lessons .ad Leisure Interest in Science scales were higher in ‘
classes perceived as having greater Ordar and Organization and |
Innovation. The interpretation of the second significant canonical
correlation for the analysis of raw scores was less straightforward, but
it suggested that cognitive outcome scores on the Conclusions and
Generalizations scale tended to occur in classes perceived as having more
Teacher Support and less Innovation. The straightforward interpretation
‘ of the significant canonical correlation for residual scores was that,
with corresponding pretest scores and general ability controlled, Leisure
Interest in Science .scores Jere greater in classrooms perceived as having .
greater Order and Organization.

The separate methods of analysis yielded consistent support for the
existence of outcome-environment relationships and lad to no major
conflicts when explicating the specific form of such relationships in
terms of particular outcomes and environment dimensions. However, as
expected, the interpretation for individual variables viried scuewhat

Q
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with the presence or absence of control for student background oo

characteristics (i.e., the raw scores vs. residuals analyses) and- with

et AN B e

the extent to which collinearity among variables was allowed for (i.e.,

simple, multiple, or canonicul correlational analyses). Nevertheless.

Tl i

the present study still has some important tentative implicaticis for

N

N

educators wishing to enhance sclience students’ achievement of particular

outcomes by creating classroom environments found empirically to be

e et ah b

conducive to achievement. For example, practitioners are likely to find

[ Sy

useful the present finding that Order and Organization geems to have a 4

STy

positive influence on student achievement of a variety of aims.

Use of Classroom Environment Perceptions as Criterion Variables

Table 6 overviews studies in which classroom environment dimensions
were employed as degendent variables for a wide range of purposes. This 2
table organizes past ocudies .ander three themes, namely, (a) curriculum
evaluation studies, (b) differences between student and teacher
perceptions of actual 3and preferred environment, and (c) studies
snvolving other independent variables. The studies chosen for inclusion
in Table 6 are restricted to ones involving samples consisting wholly or
partly of science classes (including elementary classes in which students
take all of their subjects with the same teacher). Studies involving
students in other subject areas, such as gocial science (Baba & Fraser,

1983; cort, 1979), are excluded. ‘

. Curriculum Evaluation. One promising but largely neglected use of
classroom environment instruments is as a source of process criteria in

curriculum evaluation (wWalberg, i975, Fraser, 1981b; Fraser, Willlamson &

Aruitoxt provided by Eic:

ERIC Y




TABLE 6. studies Using Classroom Environment Perceptions as criterion

1
Variables :
P
Study Instrunent Independent Variable .
Curriculum Evaluation Studies . _
Andersor: et al. (1969); LEI Use of Harvard Project AR
.Welch & Walberg (1972) Physics 4
't
Fraser (1976, 1979a); LEI Use of Australian Science S
Tisher & Power (1976, 1578); cAQ Project .
Power & Tisher (1979); (Steele et ?
Northfield (1976); al., 1971) i
Kuhlemeier (1983); ICEQ Use of new bDutch physics ;
Wierstra (1984); Wierstra curriculum :
et al. (1987) ;
Levin (19%0) LEI Use of individualized i
curriculum L

Alnley (2978) Locally Standard of gcience

developed facilities ;

Differences Botween Student/Tescher and Actual/Preferred Forms )
‘

Fisher & Fraser (1983a); JES Student actual vs. student
¥oos (1975a) preferred; student actual
vs. teacher actual

:  Fraser (1982b) ICEQ Four forms (as above)
:  Fraser (1985) ¥cI Four forms (as above)
X Fraser & Treagust (1986) CUCEI Four forms (as above) ;
9
" other Studies Involving Environment Dimensions as Criterion Variables
3
f Trickett et al. (1976, css Single-sex vs. coeducational
- 1982) schools; independent vs.
4 public schools
Fraser & Rentoul (1982) ICEQ Schoul-level environment ’
1
Ellett & Masters (1978) M1 School-level environment )
Lawrenz & Welch (1983) LEI Sex of science teacher ’
i
Walberg (1968) LEI Teacher personality
O
[: l(:‘ .2 38
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TABLE 6 (Continued)

1
: Ty
Study Instrument Independent Variable- %
R N
Walbery & Anderson (1968b) LEI "Achieving" vs. "creative” i
classes N é
3
Walberg (1969a) LEI Class size B
Anderson & Walberg (1972) {
3
Walberg o Ahlgren (1970) LEI Various variables I
E
Shaw & Mackinnon (1973); LBI Grade level 3
Randhawa & Michayluk (1975); .
Welch (1979)
Anderson (1971); Steele LEI Differences between school ;
et al. (1974); Kuert (1979); CAQ subjects ¢
Welch (1979) (Steele et .
al., 1971) .
Hearn & Moos (1978) CES Differences between school Y
subjects classified !
according to Holland's :
occupational classification
Randhawa & Michayluk (1975); LEI Type of school
Hofstein et al. (1980); |
Sharan & Yaakobi (1981) ;
Trickett (1978) CES Type of public school
(urban, rural, suburban,
vocational, alternative)
Moos (1979a, 1980) CES Differences in overall
context, arciuitectural N
characteristics,
organizational ¢
characteristics; .
teacher characteristics;
aggregate student
characteristics
Walberg et al. (1972) LEL Student sex and

Ellett et al. (1978) McCI

O

RIC
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socioeconomic status;
school enrolment

Teacher competency




R 4

- Study Instrument Independent Variable =

a;

i Walberg et al. (1972) LEIL Student sex and socioeconomic 3

status; school onromnt :

v o

; Ellett et al. (1978) MCl Teacher competency X

: ¥

. Lawrenz & Munch (1984) MCL Grouping students in .abontory %

on formal reasoning ability. 3

“ %

! Harty & Hassan (1983) ces Teacher control 1deology Ty

: Rentoul & Fraser (1981)  ICEQ Changes in beginning teachers' B

preferences for i

individualization ,

Oweng & Straton (1980); Locally Sex differences in classroom

Uwens (1981) develcped environment preferences: i

. {

Bycne, Hattie & MCX, CES, Sex differences in classroom {

Frager (1986) ICEQ environment perceptions .
Thistliewaite (1962); ccl College environment as

Astin (1965); Genn (1981) (Stern, 1970) perceived by students

following different
gpecialisms . :

Costello (1988) CES Ability grouping
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Tobin, 1987), For example, as many curricula attempt te achieve more
individualization, the ICEQ provides a useful tool for monitoring changes
in student perceptions of five important aspects of individualization,
‘When the ICEQ was used in the evaluation of a project aimed at promoting
1 ;ndividualized learning approaches, it was found that students in :the
”sgl;aol implementing the 1innovation perceived their classes ag
';1gnif1cant1y more individualized on a number of ICEQ scales than did a
',_comparison group of students (Fraser, 1980a). Another study involving aa
[ ‘evaluation of the Australian Science Bducation Project (ASEP) -révealed
: that, in comparison with a control group, students in ASEP classes
¢ perceived their classrooms as being more satisfying and individua:izeq
s and having a better material environment (Fraser, 1979a). The
~ significance of the ASEP evaluation and Helch and Walberg's (1972)
“fevaluation of Harvard Project Physics is that classroom environment
i variables differentiated revealingly between curricula,

even when various

\ achievement outcome measures showed negligible differences. Clearly,
. there is scope in science education for teachers and researchers more

- frequently to include classroom environment measures in their evaluationg

" of new curricula and teaching approaches,

Differences Between Student and Teacher Perceptions of Actual and

. Preferred Environment. The fact that some classroom environment
, instruments have different actual and preferred forms which can be ysed
{aither with teachers or students permits investigation of differences
-:betueen students and teachers in their perceptions of the same actual

-classroom environment and of differences between the actual environment

;:and that preferred by students or teachers. This researc’ into
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differences between forms was reported by Fisher and Fraser (1983a) using, .

the sample of 116 classes in Tasmania for the comparisons of student .
actual with student preferred scores. For the comparison of student .
actual with teacher actual form, a subsample of 56 of the teachers of.
these classes was available for contrast with the student class means for. “
the corre., onding 56 classes. The results of this study are depicted ~inA,“

Figure 1, which shows simplified plots of statistically significant:

differences between forms. FPigure 1 clearly shows that, first, students

preferred a more positive classroom environment than was actually present

for all five ICEQ dimensions and, second, that teachers perceived a more:

positive classroom environment than did their students in the same
classrooms on four of the ICEQ's dimensions. These interesting results
roplicate patterns emerg..s in other studies in cchool classrooms in the
USA (Muus, 1979a) and Australia (Fraser, 1982b, 1985), as well as in
other se.tings such as hospital wards and work milieus (e.g., Moos, 1974,
1979b). These studies inform educators that students and teachers are
likely to differ in the way they perceive the actual envircnment of the
same classrooms, and that the environment preferred by students commonly

falls short of that actually present in classroons.

Studies Involving other Independent Variables. The third group of
studies overviewed in Table 6 shows that other workers have used
classroom environment dimensions as criterion variables in research aimed
at identifying how the classroom environment varies with such factors as
teacher personality, class size, grade level, subject matter, the nature

of the school-level environment, and the type of school. For example,

larger class sizes weie found to be associated with greater classroom .
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FIGURE 1. Sizplified Plots of Significant Differences Betvesn Forms of ICEQ
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Formallty and less Cohesiveness (Walbers, 19$9a; Anderson & Walberg,’

1972).

In an interesting study of students' preferences for different types of\
M 4

differentiation more than glrls, whereas girls preferred teacher 5
o4

structure, personalization, and partlcipation more than boys. ~7§,
3

Person-Knvironment #it Studies of whether Students Achieve Better in '

Their Preferred Enviconment

?
Whereas past research has concentrated on investigations of °

associations between student outcomes and the nature of the actual .

environment, having both actual and preferred forms of the ICEQ permilts (‘
exploration of whether st.dents achieve better when there 1s a hlgher c'
similarity between the actual :lassroom eavircnment and that preferred byrz
students. Such research is . an example of what is referred to as

person-environment 1it research (Hunt, 1975) In fact, sclence educatlon -

studies have extended prior research in a new direction by usling a ;
person-environment interactior ! framwwork in classroom environment ﬂ
research (Fraser & Fisher, 1983c, d). The purpose of this research
simply was tu see whether or not student outcomes depended, not only on
the nature of the actual ciassroom envi.onment, but also on the match
between students' preferences and the actual environment.

B

one person-environment fit study in s.ience education involved using -
[

)
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previously (FPraser & Fisher, 1983c). The class was employed ag the: unit
of analysis. A total of 29 variables was used in exploring relationships
: * A s . *
f' ‘between achievement, actual environment,, and actusl-preferred intéraction

[ the beginning and end of .the ‘same scht;ol y8ar using six affective and
three cognitive outcome measures. The ICE} was administervd at aud—y'ni'\
f';to obtaln scudents' perceptions of five dimensions of actual classroom
: individualization and of (ive dimensions of preferred classroom
individualization. As preferred classroom individualization per se was
j not of interest, data obtained from the ICEQ were used to provide five
¢ actual indlvidualization variables and to generate five new variables
indicating the congruence or interaction between actual and preferred
individualization. 1In addition, the student background characteristic of
' general ability was measured in the study using a version of the Otis
test. The basic design of the study, then, invoived the prediction of
posttest achievement from pretest performance, general ability, the five
:-actual individualization variablez, and the five variables indicating
actual-preferred interaction.
This study provided many methodological improvements over prior
i research (Fraser 3 Fish.-, 1983c). In particular, the study measured the
:person and the environment as sets of commensurate and contlnuous
- variables. it provided control for student background characterigstics and
. actual environment when studying the effect of actual-preferred
. interaction, and it reduced the overall Type I error rate by ensuring
. that individual interactions were interpreted only in cases where the
‘:block of all interactions was associated with a significant amount of
e ‘
. ERI! ¥ B
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_the” ICEQ with & large sample consisting'of the 116 classer described -

£ (i.e., person-environment £it). Student tchievement Was measured bath at-




" criterion. variance. Furthermore, regression surcace analysis provided a

continuous variabies.

o>

A regression &nalysis was conducted for the lctull—pnfgrrodi

interaction for each of the five ICEQ scales for any cutcome for which

A=

the block of interactions had accounted for a significam. mcrelc,ni ’lrj’._
outcome variance. In order to ‘satisfy the re_lirement that student B
background characteristics should be controlled, each of these analyses -
was carried out using residual posttest criterion scores which had bu;
adjusted for corresponding pretest and general ability. Alsa, in order
to meet the condition that an interaction term should account for a.
significant increment in criterion variance over and above that
explainable by the corresponding actual environment variable, éach
regression equation included an actual environment term in addition to an
actual-preferred interaction. Consequently, the form of each of the 20

regression equations was:

Yies =@ + DjA, & byiA xP) i

where Ytes represents residual outcome scorss (adjusted for

corresponding pretest and genersl ability), a is the reg egsion.

constant, bl is the raw regression coefficient for the .th

continuous actual environment variable, and b2 is the raw regression

coefficient (or the interaction formed by taking the product of the ith.
continuous actual enviconment variable and the ith continuous prefer ~ed

variable. E
Q
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Wss for the Social Implications of science outcome and the

Personalization scale. In this case the regression equation. was:

Y = -0,3150 - 0.11713 + 0.0035(A x P)
res

Since actual-preferred interactions had been formed by taking -the. ’

’products of continuous actual and -preferred scores (in ordar v enhance

‘atatistical power), the two-dimensional plots conventionally used with

analysis of variance resulta were inappropriate.  Instead, the
interpretctions of the significant intaractions were based upon

three-dimensional regression surfaces which permitted actual and

‘preferred scores to be represented as continuous variables. In each of

these plots, the vertical axis represented residual posttest sgcores, one
horizontal axis represented continuous scores on an actual environment
scale, and the other horizontal axis represented continuous scores on the
correzponding preferred environment scale. Each regression surface was
plotted uzing values ranging from a minimum of two standard deviations
(for class means) below the mean for the actual and preferred scales to &
maximun of two standard deviations <bove the mean. FPigure 2 chows the

regression surface for the above case involving Social Implications of

‘Science and Perzunalization.

v

te 2 ghows that the 1r{terpretation of the actual-preferved

in.._.ction tor Personalization and Social Implications of Science was

that the relationship between residual Social Implications scores and

antual Personalization was negative for rlasses with preferred

Personalizalion scores two standard deviations below the mean, was
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spproximately zero for classes with preferred Personalization scores one
standard deviation below the mean, and was positive for clacses with
preferred Personalization scores at or above the mean. That is, residual
Social Implicaticns szores increased with increasing amounts of actual
Personalization for classes preferring high levels of actuai
Personalization, but decreased with increasing actual Personalization for
classes preferring low levels of actual Personalization. This finding,
together with others emerging from the same study, suggests that
actual-preferred congruence (or person-environment fit) could be as
important as individualization per se in predicting student achievement
of important affective and cognitive aims.

The research does have interestiag practical implications, but one must
be careful to ensure that the implications drawn are consistent with the
unit of statistical analysis used. It cannot be assumed that an
individual studert's achievement would be improved by moving him or her
to a classroom which matched his/her preferences. Rather, the practical
implication of these findings for teachers is that elass achievement of
certain outcomes mig** be enhanced by attempting to change the actual
classroom environment in ways which make it more congruent with thal
preferred by the class. Finally, although the reader is cautioned
against generalizing the present findings from the class level to the
individual 1level, it is noteworthy that a previous study (Fraser §&
Rentoul, 1980) involving the use of the individual as the unit of
analysis has suggested that the effects of classroom environment on
individual student cognitive achievement also were mediated by individual

student preferences for classroom environment.
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COMBINING QUANTITATIVE AND QUALITATIVE METHODS
I¥ THE STUDY OF CLASSROOM ENVIRONMENTS

For a nunber of years, workers in various areas of educational
reseacch, especially educational evaluation, have claimed that there are
merits in moving beyond the customary practice of choosing either
quantitative or qualitative methods and, instead, combining quantitative
and qualitative methods (Cook & Reichardt, 1979; smith & Fraser, 1980;
Howe, 1988). tn the field of classroom environment, research involving
qualitative case study methods (Stake & Easley, 1978) has provided rich
ingights into classroom 1life and the use of quantitative methods,
involving assessment of student and teacher perceptions as described
previously in this publication, clearly has advanced our understanding of
classrooms. To date, however, only 1limited progress has been made
towards thce desi%a%}.e goal of combining quantitative and qualitative.
methods within the same study in research on classroom learning
environments (see Fraser & Tobin, 1989a). The fruitfulness of a
confluence of qualitative and quantitative methods is illustrated below
by reporting details of two recent studies in which ethnographic methods
and the administration of classroom environment questionnaires were used

together to advantage.

A Study of Exemplary Teachers

In order to provide a refreshing alternative to the majority of
reseacch which maligns science and mathematics education and highlights
its problems and shortcomings, a study of exenplary .practice was

initiated to provide a focus on the successful and positive facets of

schooling. This Australian study took its inspiration from the Search -

)
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for Excellence study in the USA (Penick & Yager, 1983). A team of 13

Australian researchers were involved in over 500 hours of intensive
classroom observation c¢f 22 exemplary teachers and a comparison group of
non-exemplacry teachers (Fraser & Tobin, 1989b; Tobin & Fraser, 1987,
1989).

Method. The primary data collection methods were based on the
interpretive research methodology of Erickson (1986) and involved
‘2 3sroom observation, interviewing of students and teachers, and the
co ruction of case studies. Field notes were recorded, discussed
dur 1 team meetings, and used to formulate tentative assertions which
were 2ox, lored further during subsequent classroom observations. But a
distinctive feature was that the qualitative information was complemented
by quantitative informatic. oJlLi_ined from questionnaires agsessing
student perceptions of classroum psychosocial environment. These
instruments Jurnished a useful picture of life in exemplary teschers’
classrooms as seen through the students’ eyes. In an atbempt to make
meaningful interpretations of learning environment data, he actual
environments of exemplary teachers’ classes were compared, fi. t, with
the environments of large comparison groups from prior researcn and,
second, with the classroom environments of non-exemplary teachers of the
same grade levels at the same school.

Results. The results from use of the qualitative and quantitative
data collection methods provided considerable evidence suggesting that,
first, exemplary and non-exemplary teachers can be differentiated in
terms of the psychosocial environments of their classrooms as seen
through their students® eyes and, second, that exemplary teachers

typically create and maintain environments that are markedly more
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favorable than those of non-exemplary teachers. For example, the

Classroom Environment Scale was used in two classes of an exemplary

biolqu teacher who had 11 years of teaching experiencs and was teaching
students of middle to lower socioeconomic backgrounds in a government
high school (Tobin, Treagust & Fraser, 1988). His Grade 11 biology class
consisted of five boys and nine girls and his Grade 12 biology class
consisted of seven boys and 12 girls.

Figure 3 compares the environments of this exemplary teacher's two
biology classes with a comparison group of 116 science classes (Tobin,
Treagust & Fraser, 1988). This figure shows that both classes of the
exemplary teacher perceived their classroom climate considerably more
favorably than the way that the comparison group viewed their classes.
The biggest di‘ference for both the Grade 11 and Grade 12 class occurred
for ILnvolvement, Teacher Support, and Order and Organization. That is,
while this teacher’s class perceived a more favorable classroom
environment on all dimensions assessed by the CES, differences were
particularly large for three scales. Overall, differences were large,
with effect sizes ranging from 1.0 to 2.2 standard deviations for the
Grade 11 class and from 0.5 to 2.1 standard deviations for the Grade 12
class.

Another way of interpreting the classroom environment data involved a
comparison of the actual environment of the exemplary teacher's classes
with the same students' preferred environments. Figure 3 shows the
profile of mean preferred scores for the two biology classes combined.
In the light of considerable evidence from past research discussed
previously in this monograph, Figure 3 depicts quite atypical classrooms
in which there is an unusually high similarity between actual and
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H++H4  Exemlary Teacher (Actual)
=== Exemplary Teacher (Preferred)

1 i 1 ! ] 1

INVOLV AFFIL TEACHER TASK ORDER & RULE
SUPPORT ORIENT ORGAN CLARITY

FIGURE 3. Proffles of Actual and Preferred Classroom Environment Scores for

an Exemplary 8iology Teacher and Actual Environment Scores for a
Comparison Group
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preferred environment on most dimensions. Clearly this information about
preferred environment adds further evidence about the favorableness of
the classroom environments created by this exemplary biology teacher.

Tobin, Deacon, and Fraser's (in press) study of two exemplary Grade 11

physics teachers involved the t 3 of the long form of the CES. The mean ;

scores obtained for each exemplary teacher's class were cor ared with the
means of the comparison group of 116 classes. For both teachers, the
classroom environment was perceived by students to be markedly more
favorable than the comparison group in terms of greater Teacher Support,

less Competition, and less Teacher Control. These differences typically

were greater than one and a half standard deviations for class means.

The high level of Teacher Support 1is consistent with classroom

observations and the low level of Teacher Control is consistent with both.

teachers’ philosophy that students need to  take substantial
responsibility for their own learning.

Conclusions. Overall, the findings f{rom comparisons of exemplary and
non-exemplary science teachers within the same school replicated the
results obtained by contrasting exemplary teachers’ classroom
environments with those of large comparison groups in previous research.
The use of these two alternative approaches provides an important
validity check and strongly supports the general finding that exemplary
and non-exemplary teachers can be differentiated in terms of the more
favorable perceptions of classroom environment held by exemplary
teachers' students. Moreover, this finding from the Exemplary Practice
in Science and Mathematice Education project is consistent with
Vargaz-Gomez and Yager's (1987) finding that students in exemplary

science programs in the Seatch for Excellence project in the USA held for
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more favorable attitudes to their science teachers than did a comparison

group of students.

High-Level Cognitive Learning and Teachers' Metaphors

Background and Method. A study of the elusive goal of high-level
cognitive learning involved a team of pix rasearchers in an intensive
study of the Grade 10 science classes of two teachers (Peter and. sandra)
over a 10-week period (Tobin & Fraser, 1988; Tobin, Fragser & Kahle, 1n
press). Each lesson was observed by several researchers, interviewing of
students and teachers took place on a daily basis, and students’ written
work was examined. Observations were written up as field notes, which
were discussed at regular team meetings as a basis for formnulating
assertions and guiding future data collection. In particular, interviews
with teachers were used to ascertain teachers’ beliefs and metaphors and
how these influenced how they implemented the curriculum. Feedba~k from
the teachers on written reports of the study was used as another data
source.

The study also involved quantitative information from questionnaires
assessing student perceptions of classroom psychosccial environment. The
four dimensions of Personalization, Participation (from the ICEQ), oOrder
and Organization, and Task Orientation (for the CES) were selectud after
the ethnographic component of the study had been in progress for some
time. The qualitative and quantitative information led to complimentary
views of classroom environment.

Results. The teachers' beliefs about their roles appear to have had
a strong influence on the way the curriculum was implemented. Sandra
afforded greatest value to her role as facilitator of learning. Dpuring
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interviews, she described her main role in terms of being a “Resource” to

assist students to learn with understanding. Her efforts to share that
resource equally between the students in her class were always evident as
she moved continuously around the room and dealt with groups or
individuals for the great majority of the allocated time. In contrast,

interviews with Peter suggested that he conceptualized his role in terms

of two metaphors, the “Captain of the Ship” and the “Entertainer”, and

that the lessons varied greatly depending on which metaphor he used. As
well, Peter projected a “macho" image which might have been associated
with the outdoors type of person he preferred to be. When he interacted
with males in the class, he made efforts to be “one of the boys" and when
he interacted with females he sometimes made suggestive remarks
associated with the students as females, not science students.

Figure 4 depicts the profiles of mean actual classroom environment
scores obtained by averaging the indiv dual scale gcores of the 31
students in Peter's class and the 31 st __.._s in Sandra's class. These
profiles have been constructed separately for the Ffirst topic of
Vertebrates and for the second topic of Nuclear Energy. Figure 4 clearly
shows that the two greatest student-perceived differences between the
teachers for both topies were that, relative to Peter’s class, Sandra‘s
class was characterized t, considerably more Personalization and 1less
order and Organization. Moreover, two-way analyses of variance with
class and gender as independent variables revealed that differences were
significant at the 0.01 level of confidence for Personalization and order
and Organization for both topics.

Another question investigated w~as whether students perceived their

classrooms differently during the teaching of the two toriecs. This was
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interesting because the researchers had fed back information from the
first administratio. of the classroom enviconment sczles to the teachers :
and, therefore, Lhere was the possibility that they night have used this
information to stimulate and guide improvenents. Although the changes 1;1
classroom environment occurring between the two topices are not large, the )
profiles 1in Figure 4 still reves; "me interesting and consistent

patterns. First, Peter's classroom env.ronment was less favorable for

the second topic than the first on all scales except Order and:

v

organization (for which the difference .as negligible). On the other
hand, Sandra mansged to improve on all four dimersions between the two ’
testing occasions.

The patterns in Figure 4 are consistent with the fact the two teachers

differed markedly in their reactions and responsiveness to receiving the

N e aew

researchers’ feedback information based on ciassroom environment results :
for the previous topic of Vertebrates. Sondra was interested and4j
concerned with this feedback and was determined to change her classroom
behavior in ways which rwould 1lead Lo improvements in classroom:
environment. On the othor hand, Peter dismissed the classroom

’

environment information from the previous topic as irrelevant and made no .
attempt to change his behavior. For example, Peter disbelieved the
feedback suggesting that students perceived a relatively low leve. of"
Personalization in his classroom because ue felt that his attempts to ,°
entertain the students through his singing, quips, etc. (i.e. the ‘
Entertainer metaphor) would be associated with high Personallzatlon.~;
Although Peter was keen about covering the contunt and being ‘

entertaining, he did not attempt to enhance classroom Personalization as

a way of aiding student understanding of the content.

I ny
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Students® perceptions of the learning environment within each class are

ffcensistent with the observers' field records of the patteims of learning
} activities and engagemrent in each classroom. The high 1level of
- Personalization perceived in Sandra’s classroom matches the large
; proportion of time that she spent in small group activities during which
} she constant y moved about the classroom interacting with students.
3 Further, when Sandra offered desists, they were often private and she was
! never heard to use sarcasm or personal criticism in her interactions with
F students. It is significant that, of the 27 students of Sandra’s class
: intending to return to school the following year, 24 of them expressed
" the wish to have Sandra as their teacher. The 1lower 1level of
1 Personalization perceived in Peter's class is assocliated partly with the
3 larger amount of time spent in the whole-class mode and the generally
> public nature of Peter's interactions witi students. He spent much less
3 time than Sandra dealing with students in quiet, small group situations.

The second significant difference between the learning environments was
' the lower level of oOrder and Organization in Sandra‘'s class compared to
! Peter's class. Sandra s class was found by the researchers to be noisier
: than Peter's and the high levels of off-task behavior (mainly social) are
% consistent with the students*' pecceptions of a less orderly class. The
’ physical arrangement of the classroom also contributed to the different
3 levels of off-task behavior. To make it easy for them to work together
i in groups, Sandra‘'s students sa. around tables formed by two desks.
;'?nfortunately. this method of seat:ing not only encouraged social
: interaction, but it also hindered effective scanning of the class for
 management purposes. As a result, many students, with their backs to

Sandra, were able to carry on with their social agenda even during her
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whole-class presentations. 1In contrast, Peter's classroom had the desks

in rows facing tha front of the room where Peter spent about half of the '’
iesson time using the whole-class instructional mode. This seating !

arrangement "acilltated management scanning and Peter quickly targettad

vt

t
potential noise-makers for effective public desists. As a result, ':

Peter’'s class was more effectively managed than Sanra's i% terms of the

N e

proportion of student-engaged time.

Nevertheless, because Sandra endeavored to keep the class on task /ith

her quick movement around the vlass, helping students with problems and
encouraging them to keep working, the perceived Task Orientation wn_;,:

2

moderately high, even on the second topic, when students spent nore time

of f-task. <

The differences in the classroom environments created by the two

teachers also can be considered in terms of the metaphors adopted. For

Personalization for Peter, for example, some students were confused by

the way that they were treated in a depersonalized way as crew ducing
whole-class activities (Captain role), but treated in a Very friendly we ;s

during individual activities (Entertainer role). Horeover, only gome

students 1iked their personal  interactions with peter during

individualized activities because it was not uncommon for Poter to

jnteract with boys in a "macho” way and with girls in a sexist way.

Corsequently, it is aot surprising that Peter's class on zLarage

perceived a relatively low level of Personalization. Similarly, the very

high 1level of personalization perceived in Sandia's class ig also

cungistent with her metaphor of the teacher as Resource. Her teaching ,

approach almost exclusively involved individualized work (about 75%) and

she devoted great amounts of energy to moving around the class to give
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students individual help.

The low Order and Organization perceived in Sandra's class is 1linked
with her commitment not to use whole-class teaching. Although she
approciated that Order and Organization would »e 1likely to improve in
whole-class situations, uer strong beliefs led her to concentrate on
iadividualized approaches. In particular, Sandra's time was monopolized
by a group of girls who were oager to learn and by a group of disruptive
voys who Sandra iried to control through proximity desists. Of course,
with so much of her time dovoted to those two groups, there was a natural
tendency for the other students in the class to be off-task and for the
average class level of p;rceived Order and Organization to be low. On

the other hand, Peter's management metaphor, espacially his role as

Captain of the Ship, resulted in 1levels of perceived Order and

Organization that were higher than in Sandra's class.

The manner in which each teacher implemented the curriculum made it
difficult for students to engage in a manner which was conducive to
high-level cognitive learning. Sandra had 1limited time to teoflect on
what she was doing as she circulated around the class attending to
'student requests for assistance. In addition, most oé her students were
off task for large amounts of the allocated time. Petér managed the
class in a more teacher-centered manner but focused on the searning of
fa.ts and completion of the work prescribed 3. the workbooks.

Discussion. When this study commenced, wo held -the view that the
major problems in high school science education wore associated with the
use of +hole-class activities for such a large proportion of the time.
Implementing activities with a better balance between small group and
individualized instruction, however, proved to be n. guarantee of
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success. Although Peter was able tc manage student behavior in a variety
of activity structures (~s Captain of the Ship and as Entertalner), he
did not nave a sufficient raopezcoire of discipline-specific pedagogical
knowledge to facilitate learning in either topic. 1In contrast, Sandcas:
appeared to have a strong background in science and had developed the
specific ped.gogical knowledge to manage the conceptual aspects of each
topic. Because she did not manage student behavior effectively, students l
did not benefit from her knowledge, and her effectiveness as a
facilitator of learning was questionable, Discipline-specific
pedagogical knowledge and pedagogical knowledge together, therefore, ar:e\

seen as crucial ingredients of successful teaching. Neither 1is 3\

sufficient alone, and each is required if students are to attain the

*w

elusive goal of learning higle-level cognitive secience outcomes.

The metaphors which Peterv and Sandra used as a basis for
conceptualizing their teaching rcles appear to be influential in defining
the rnles adopted during instruction. Peter’s ability %2 manage the.
class in distinctly ‘different wcye according to his Captain of the ship -
and Entertainer :etaphors ralses the possibility that he and other
teachers might be able to improve their teaching by using different
metaphors. The process of teacher change could be initiated by
introducing a variety of metaphors and reflecting on the efficacy of
basing teaching and learning strategies on each of them.

Two sets of methodological impllcations emerged from thiz study. The
first relztes to the use of quantitative measures of learning environment
to augment the qualitative ethnographic methods. Because we selected the
scales of th= learning environment instrument specifically to be salient
In this study, the data were relevant to what was observed in both
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classes. As well, the use of classroom environment questionnaires

provided an important source of students’ views of their classrooms.
Statistical analyses were undertaken to provide insights into questions
concerning what was happening in two classes. The results of the
analyses of learning environment data were used in conjunction with other
data sources to support or refute assertions. When quantitative scores
on learning environrent scales are complemented by a substantial base of
qualitative deseriptive information from eclassroom observation, then a
greater understanding of studen%.’' perceptions of the learning

environment can result.
TEACHERS® ATTEMPTS TO {MPROVE CLASSROOM ENVIRONLENTS

Although the previous sections of this monograph show that rmuch
research has been conducted on student perceptions of classroom learning
environment, surprisingly little has been dune to help science teachers
improve the environments of their own classrooms. Consequently, the
purpose of this section is to report how feedback information based on
student perceptions was employed as a basis for reflection upon,
discussion  of, and systematic attempts to improve classroom
environments. The basic logic underlying the approach bas seen deseribed
by Fraser (198le). It involves, first, using assessments of student
perceptions of both their actual and preferred classroon environment to
identily discrepancies between the actual classroom environment and that
preferred by students and, second, implementing stracegies aimed at
reducing existing dis.repancies. This approach can be justified partly

in terms of the pe son environment (it research described previously
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whi suggests that students achieve better when in their preferred
classroom environment. The proposed methods have been applied
successfully in previous studies al the elementary (Fraser & Deer, 1982),
secondary (Fraser, Seddon & Eagleson, 1982), and higher education levels
(De Young, 1977).

The attempt at impioving classroom environment described below (Fraser
& Fisher, 1986) made use of the short 24-item version of the CES
discussed previously. The class involved in the study consisted of 22
Grade 9 boys and girls of mixed ability studying science at a government
school in Tasmania. The procedure followed by the teacher of this class

incorporated the following five fundamental steps:

1. Assessment. The CES was administered to all students in the
class. The preferred form was answered first, while the actual form was

administered in the same time slot one week later.

2  Feedback. The teacher was provided with feedback information
derived from student responses in the form of the profiles shown in
Figure 5 representing the class means of students® actual and preferred
environment scores. rlhese profiles permiited ready identification of the
changes in classroom environment needed to reduce major differences
vetween the nature of <che actual environment and the preferred
environment as currently perceived by students. Figure 5 shows that the
interpretation of the larger differences was that students would prefer

less Priction, less Competitiveness, and more Cohesiveness.
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3. Reflection and Discussion. The teacher engaged in private
reflection and informal discussion about the profiles in order to provide
a basis for a decision about whether an attempt would be made to changs
the environment in terms of some of the CES's dimensions. The main
eriteria used for selection of dimensions for change were, first, that

there should exist a sizable actual-preferred difference on that variable

and, second, that the teacher should feel concerned about this difference. -

and want to make an effort to reduce it. These considerations led the
teacher to decide to introduce an intervention aimed at increasing the

jevels of Teacher Support and Order and Organization in the class.

4. Intervention. The teacher introduced an intervention of
approximately two months’ duration in an attempt to change the classroom
environment. This intervention consisted of a variety of strategies,
some of which originated during discussions between teachers, and others
of which were suggested by examining jdeas contained in individual CES
items. For example, stragegies used tc enhance Teachér Support involved
the teacher moving around the class more to mix with students, providing
assistance to students, and talking with them more than previcusly.
Strategies used to increase Order and organization involved taking
considerable care with distribution and collection of materials during

activities and ensuring that students worked more quietly.
5. Reassessment. The student actual Zom of the scales was

readministered at the end of the intervention to see whether students

were perceiving their classroom enviconments differently from before.

)
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The results are summarized graphically in Figure 5, which includes a
dotted line to indicate the class mean score for students’ perceptions of
actual environment on each of the CES's five scales at the time of
posttesting. Figure 5 clearly shows that some change in actual
environment occurred during the time of the intervention. When tests of
statistical significance were performed, it  was found that
pretest-posttest differences were significant (p<0.05) only for Teacher
Support, Task Orientation, and order and Organization. These findings
are noteworthy because two of the dimensions on which appreciable changes
were recorded were those on which the teacher had attempted to promote
change. (Note also that there appears to be a side effect in that the
intervention could have resulted in the classroom becoming more task
oriented than the students would have preferred.)

Although the secund aduinistration of the environment scales marked the
end of this teacher's attempt at changing a classroom, it might have been
thought of as simply the beginning of another cycle. That is, the five
steps outlined above could be repeated cyclically one or more times until

changes in classroom environment reached the desired levels. Overall,

" the above case study and other previous ones suggests the potential

D
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usefulness of science teachers employing classroom environment
instruments to provide meaningful information about their classrooms and

a tangible basis to guide improvements in classroom environmente.
DISCUSSION AND CONCLUSION

The major purpose of this monograph devoted to perceptions of

psychosocial classroom environment is to make this exciting research
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tradition in science education more accessible to wider audiences. In -
its attempt to portray prior work, attention has been given to
instruments for assessing classroom environment (including some recently -
developed short forms of existing scales), several lines of previous

research (e.g., associations between outcomes and environment, use qf\
. A

classroom environment dimensions in ‘eurriculum evaluation,
person-environment (it studies of whether students achieve better in ;
their preferred environment), recent classroom environment studies which
have combined quantitative and qualitative methods, and teachers' use of -
classroom environment x;erceptions in guiding practical attempts to.
improve their own classroonms. Given the ready avzilability of
instruments, the salience of classroom environment, the impact of
classroom environment on student outcomes, and the potential of
environmental assessments in guiding educational improvement, it seems -
crucial that science education researchers and science teachers make more
frequent use of classroom environment instruments for a variety of
purposes, .
It has been assumed in this monograph that having a positive classroom
environment is an c¢ducationally de irable end in its own right.
Moreover, the comprehensive evidence presented here also clearly
estatlishes that the nature of the classroom environment has a potent
influence on how well students achieve a range of desired educational
outcomes. Consequently, science educators need not feel that they nmust
choose between striving to achieve constcuctive elassroom envirorments
and attempting to enhance student achievement of cognitive and acfective
aims. Rather constructive educacional climates can be viewed as both

means to valuable ends and as worthy ends in their own right.
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Most prior classroom environment research has been correiational in

nature. That is, studies have investigated associations between outcomes

“‘and actual environment or actual-preferred congruence in naturally

occurring classrooms. Consequently, causal conclusions strictly cannot
be drawn. What is needed urgently in future research, then, are,
experimental studies in which the environment is deliberately changed in
specific ways in order to establish more clearly the causal effe:ts of
these changes on students' outcomes.

In this monograph, more attention has been devoted to reporting past
research uses of classroom environment instruments than to describing
science teechers' uses of the instruments for a variety of practical,
school-based purposes. This balance is an accurate reflection of the
fact that classroom environment instruments hitherto have tended to have
greater use among researchers than teachers. But this monograph helps to
pave the way for much greater involvement of teachers by making
economical hand-scorable instruments readily accessible and reporting
promising case studies of applications in which classroom environment
assessments have been used successfully to guide improvements g
classrooms.

In just 20 years, as this monograph has shown, older instruments have
been more widely used and cross-validated in various countries, preferred
forms have been developed to augment the original actual forms, short and
hand-scorable forms have been designed for the convenience of teachers,
and new instruments have been developed to f£ill gaps (e.g., for uge in
higher education classrooms or science laboratory classes). As this
monograph js being written, workers around the world are continuing to

translate and adapt instruments for use in different countries, to
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:( develop new instruments for settings not ideally catered for with -
existing questionnaires (e 3. computer assisted instruction, preschool
classrooms), and to use the instruments in settings (e.g. various cpecial
education classes) in which they have not been used previously. For
example, even a Brallle form of the My Class_Inventory has been preparad
recently (Genn, 1988).

Already in various countries the topic of classroom environment is
being included in numerous preservice and inservice courses for 3cience
teachers, and it is gaining attention among school psychologists. Given
the potential usefulness of including classroom environment topics into
science teacher education programs (Fraser, in press) and incorporating
the use of classroom environment assessments into the work of school
psychologists (Fraser, 1987a, c¢; Burden & Hornby, in press), it is
probable that the use of classroom climate in these two areas will
continue to grow. For example, because school psychologists and teachers
sometimes have tended to concentrate almost exclusively on their roles in
assessing and enhancing academic achievement, the field of classroom
environnent provides an opportunity for them to become sensitized to many
important but subtle aspects of classrcom life. Also, past experience in
asing cla'ssroom environment assessments suggests several important ways
, (e g., in evaluating innovations) in which classroom climate scales might
be used to advantage b'y school psychologists.

Typically, student outcomes have been studied using quantitative

approaches based on educational measurement traditions, whereas classroom
processes or environment usually have involved qualitative approaches
involving informal observation, interview, etc. This mnnograph >

illustrates that classroom i.limate is susceptible to quant.. ‘ve study.

N~ .y
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.+ Admittedly, quantitative measures have well-known limitations; but so too

do qualitative approaches. Rather than claiming that quantitative
methods are cuperior to qualitative ones in the study of classroom

environments, the intention has been to make a potentially yseful

tradition of quantitative assessment of «classroom eclimate readily

accessible so that studies might benefit from the use of a range of
quantitative and qualitative approaches.

Although the focus of this monozraph hss been classroom-level rather
than school-level environment, school-le..i environment work is also very
important in science education. Promising recent work has combined the
use of classroom and school environment measures to advantage within the
one study (Fraser & Rentoul, 1982; Fraser, Williamson & Tobin, 1987), has
used school climate scales to reveal interesting differences between
elementary and secondary schools (Docker, Fraser & Fisher, in presg), and
successfully has applied the methods of improving classroom-level
environments described in this publication to the improvement of
school-level environments (Fraser, Docker & Fisher, in press). Overall,
this recent research attests to the value of school climate regearch and
suggests that the time is ripe for a confluence of the two research
traditions of classroom environment and school environment, which
historically have remainci largely distinct and independent.

In most prior classroom environment studies, researchers have adopted
either qualitative or quantitative methods, but seldom both. Therefore,
from a methodological perspective, the combination of quantitative
. measures of classroom environment obtained from questionnaires with a
range of qualitative data-gathering techniques in the two studies

. reported in this monograph is noteworthy for several reasons. First, the
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complementarity of qualitative observational data and quantitative

classroom environment data added to the richness of the data base.

Second, the use of classroom environment questionnaires provided an :1
important source of students' views of their classrooms. Third, through

a triangulation of qualitative and quantitative classroom climats b
information, greater credibility could be placed in findiugs tocause- :
patterns emerged consistently from data obtained wusing a range of
different data collection methods. oOverall the studies described in this ;
publicati»n illustrate ths consli.rable advantages to be obtained by .

incorporating both qualitative and quantitative methods in future

classroom environment research in science education.
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APPENDIX A
MY CLASS INVENTORY

Actual Short Sorm i

Y

OIRECTIONS

This 1s not a test. The questions inside are to find out what your chss‘fg

- -—

1s actyally Vike.

-Each sentence 1s meant to describe what yoﬁr actual classroom 1s 14ke.
Oraw a circle around

O

Aruitoxt provided by Eic:

Yes  4f you AGREE with the sentence v
No 1f you DON'T AGREE with the sentence

ﬁ

EXANPLE
27. Most children in our class are good friends.

If you agree that most children in the class .

actually are good friends, circle the Yes

11ke this: A
o s

If you don't agree that most children in the
class actually are good friends, circle the 3
Ho 1ike this: i

Yes

Please answer 211 questions. If you change your mind about an answer,
Just cross 1t out and circle the new answer. i

Don't forget to write your name and other details on the top of the next

page.
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Caly the smart pupils can do their work.

NANE el CLASS
Remcmber you are describing your gctugl Circle {Teacher { Remember you are :'“-?'“‘d*\ sour gsm.l Ctrcle |Teacher
classroom Your Use classioom Your Use
Answer | Only ~ . hnswer
1. The pupils enjoy thedr schoolwork in my 16. Some of the puptls don't 1tke the class. Yes ] s __3__
class. lo 3| 7. certain puptls 2duays wint to have their =
2. Children are-elways fighting with each own ay. Yes Mo
other. Yes Mo —— | 18. Some pupils always try to do their work
3. Children often race to see who can finish better than the others -l Yes-po
first. Yes No —— | 19. Scheolwerk 1s hard to do Yes Mo
4. In our class the work 1S hard to do. Yes —_ | 20. AY1 of the puptls in my class Vike one
S. Inmy class everybedy 1s my friend. Yes A another, Yes3) No 3
§. Some pupils are rot happy in class. Mo JR 1 _ |21, The'class is fun. Yes Mo 2
7. Some of the childéren I oy class are mean. | Yes Mo —- | 22. CM1Yéren tn our class fight a lot. Yes Mo
8. Nost-chiléren waat thetr werk tc be 23. A few childron in my class wantito be
better than their friend's work. Yes Mo — first all of the time. Yes Mo
9. Most children can do their schoolwork 28. Nost of the pupils in my class know how
0 ;2:“& h:lp , A Yes Mo |R ___ 2 t:": tbo:r work. — h oth Yes No IR _ __
. pecple in 7 class are not my . CMIdren 1a our class 1ike each other
fricads. Vcs@ r 3 as friends @lo 3
11. CM1dren seem to 1ike the class. m@ X
12. Many citidren 1n eur class 1ike to fight. | Ves —
13, Some pupils feel bad when they don't
do as well as the others. Yes Mo —_— s 10 F Cn 0 ch i
o

15,

A1l puptls in my class are close friends.

o)
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