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ANALYSING DATA FROM NATURALISTIC CLASSROOM SETTINGS

by
J.P. Keeves and R. Lewis

An important arca of educational reseérch ig concerned with determining relationships among classroom
variables, teacher characteristics and behaviours, and curriculum outcomes, usually measured in terms of
student achievement and attitudes. Some examples of investigations in this area are these whiéh examine
the effects of teaching styles, class size, classroom design, classroom climate, curriculum practices, and
type of teacher education, on the achievement and attitudes of students within classrooms. Regearchers
conducting studies such as these are inevitably faced with a number of unenviable choices. One of the most
important of these is whether the investigation will iuncorporate strict methodological controls and bo
carried out under traditional experimental conditions, or whether, since it is, in the main, impossible to
reorganize the schools, classrooms and students, the study will be carried out under natural conditions.
Ine lattey alternative usually invelves the use of intact classrooms, selected with varying degrees of
raidomness, and with ne control over the allocation of teachers or students to varying learning conditions

in those classrooms.

The réasbns‘for'cond&cting research which.incorporateé the use of studenés in intact classrooms are
not difficult to elaborate. Tﬁe fi%s{ ié the issue of representativeness. In many cases, tﬁe indepen~
dent variables of intetést'afe‘ones'which ara.maaningful oniy in the.naturally océurring classroom
situation and are not amenable to reproduction in experimental type eﬁvirenments.n One recent example of
this type of research whiéh.ﬁill be ¢ited because it is well known and typifies studies which attem;ﬁ,
arong othwer things, to relate ﬁeaching style to étu&emé performahﬁe, is a study by Benmett (1976). 4s
part of this inveétigatibn, definitions of teaching styles were‘derived from the relationships existing
between behaviours of practising teachers. Teachers were then selected on the basis of their repogted
behaviours and were considered‘as representing one of three types: formal, informal and mixed. The
achievement gains of students were then related to the teaching style to which they were exposed. Clearly
it would hav: been almost impossible for Bennett to randomly assign teachers and students to experimental
groups and to manipulate aspects of teachers' behaviour. Even if such a procedure were possible, it might
net be advisable since exverimental situations, in general, have little in common with complex natural
envirvenments. Thus intact classrooms in real situations are, in the main, vequired to allow the learning

conditions to co-vary as they do in the natural setting.

A second reason that has prompted research workers in education to use intact classes or naturally
occurring clisters of students has been to simplify the collection of data. In such studies, the question
of the most meaningful unit of analysis must arise, and the basis of the decision must lie in the type of

inference which ig to be drawn about the' teaching behaviours or learning conditions under survey.

A third reasson for the selection of intact classes ralates not only to the greater facility In data
collection dincusse” above, but also to the detection of interactions. Many studies which investigate the

effects of classroom varidbles on students assume that not all students will be affected in similar wayvs
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bv the same independpnt variable. They therefore are interested in detectinyg systematic interaction
elfects between characteristics of the student and classroom measures or teaching behaviours. This

interest results in the use of students as the statistical unit.

It is important to note that standard statistical theory has been developed under the asgumption that
observatieﬁs were obtained on units that were chosep by independent random selections._ Unfertunately, the
students within a classroom, when the classroom.is chosen for study, are not selected in an independent
wanner, and are known to be, in general, more like one another, than they are 1ike-students in‘other
classrooms. As a consequence noﬁ only is the unit of analysis in guestion but also the significance

levels for the estimates of effects must be regarded as very problematic.

It is the purpose of this paper teo discpss pome of the'issues ralsed in the study of teachers,
;iaﬁsrooms and curriculum outcomes and to use the aata collected in Canbafra in -the Home Envi?onment and
Schoel Study (Keeves, 1572) to explore the various alternative solutions to the problems which are
encountered in the analysis of data qeriveﬂ from a paturalistic set:ing. Thig discussion is parficularly
relevgnt as a new wave of interest builds up iﬁ investigating the outcomes of classroon processes,

teachinyg behaviours and teacher chavacterigtics on student learﬁing.

& Roview of Previous Research

Many inveatigations.have been carried out over the years which héve spughF to determiné the influence of
characteristics of teachers and of the classraqm environpent on students within sghools. 'Initially this
research focused on the identification of the persenality at£r;butes of efficient and effective teaqhers,
which has long been an intriguing problem. _Hoﬁever? the fiandings have ténded to rémain unciear and highly
inconsistent. The successive reviews of research that haﬁe been carried oyt (Bérf, 1950; ‘Mitzel, 1960;
Ryans, 1960t Flanders and Simon, 1969) have summarized the evidence available at the time éf writing and
have revealed a shift over succassi?e decades from the examination of status apgd persoﬁality characteris—

tics to the investigation of more specific teaching behaviours.

The naturs of the research undertaken over the past decade has been ehanged markedly by.thg
publication of the Handbooks of Research on Teaching (Gage, 1963; Travers, 1973). During this period
theve has been a shift in emphasis from the study of presage variables which comprise the status and
persenality characteristics of teachers to the investigation of process Qariables, which include a wide
vange of teaching behaviours. Moreower, there has been a growing demand that the study of teaching
behaviours be related to measures.of product, customarily assessed.in terms of student learning. Thus
Ropsenshine (1971) in a review of research in the area limited his consideration to longitudinal studies
in which the criterion measures of student achievement were adjusted for inipial achievement, and those
cross-sectional studies in which the criterion scores were adéusted for somg measure of student aptitude.
However, in a more recent major review, Dunkia and Biddle (1974) included studies of other types, to

raveal the immense amount of work that has been carried out in this area.

Nevartheless, it is rare in these studies_for the methodological ang analytic issues which lie
beneath the surface to be raised and adequately debated. As a consequeuce, the fimdings from the

extensive body of research ju this area would appear te be unreliable, confusing and at times highly
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contradictory. The Ffact that the report by Bennett (1976) can ke so widely acclaimed, when based on
clearly unsound analyses and essentially trivial findings (Lewis, 1978; Baumgart, 1978) is iadication
that the Issues .ire not generally understood by researchers and those responsible for purveying and

interpreting the results of educational research for application in educational practice.

Key Methodological and Analvtical Issues

There would appear to be three crucial methodological and analytical issues to be examined and resolved
befnre‘proceeding with research into teachers, theix behaviour, and the environments of their classrooms.
The first is concerned with the appropriate procédure to ba used in the analysis of the data. The second
issue to be resolved is the appropfiate level of analysis fequired'to answer research questicné which are
of interest and which are meaningful and consistent with the manner in which the data were collected. The
third is to examine the effects on statistical inferences of using sampling based on 'clustered' groups

of students (in classes) rather than simple random samples.

Irocedures for the Analysis of Data

{nlgsslzt were éoss:bie to set up a fully designed experlment in which students were selected at random
from a pcpulatzon, and were al]ocaLed at random to treatment groups and in which teachers were assigned at
random, uav1ng flrat been randomly selected from a éefzned populatlon, there would appear to be iittle
.1u5t1f1catlon for using analySLs of variance proceduroe to examine the data. If the students nave not been
rans o“] assighed to Lreatneut wroups Lhen ;t is highly likely that Lhere will be dlfferences between the
*roups before the appllcaLlon of a treatment, whether in a naturalistic setting orlln an experimental
situation, and under these circumstances the use of simple analy;is of variance‘procedures for analysing
the data wéuid niQ» bVlousiy unsound results, A commonly employed alternativelhas been to obtain some
measﬁre of-the lével of perfornance of the groups prior to the adwinistratién of tie treatwent and to
adgu%L the criterion scores by analysis of covarlancé procedures {for exampie, see Bennett, 1%76). The

usa of ahalyola of covariance in this way has been condemned as unsound (Elashoff 1969; Cromnbach and

Furby, 1970), because the assumptions underlylng the use of analysis of covariance have been contravened.

Tt has come to be generally accepted that since randomization would, except under rare circumstances,
be impossible, it weould be necessary to. conduct a lengitudinal study to investigate the effects of teacher
and classroom variable on some measures of gains in learning outcomes. In such a longitudinal study the
teacher. and classroom variables would be used to account for the differences that-accurrad between the
pre-~test administered at the beginning of the study and the post-test given at the conclusion. The problem
has remained of how best to analyse the data to obtaln sound estimates of the effects of the teacher and

Llas%room var}ables on the change in performance between the two occaricns,

The simplest form of the problem occurs when the independent or predictor variable (X} associated
with 4 teacher characteristic or a teaching behaviour is antecedent to the criterion variable (Y), with
mrasurements made on a variable to assess prior performance (W) which is antecedent to both X and Y. The
pricr performance variable is customarily used as a controel to remove any spurious association between X
and ¥. Linn and Werts (1969} have drawn attention to four different methods that have beea used to

meszsurs the causal relationship between X and Y:
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1 the partial correlation between X and Y with the prioy performance variable (W) controlled -
Crgy )
2 the part covrelation between X and Y with the effects of the prior performance variable (W) remeved

ecaly from X - (r(x W)Y)' This term is the square root of the marginal variance or unique variance
of Y explained by X in a stepwlse regression analysis with both W and X entered as predictor.

variables and Y as the criterion variable,

3 the part correlation between X and Y with the effects of the prior performance variable W rempved

only from ¥ - This approach is amalogous to that employed in analysis of covariance and

Poreyawy

is commonly used in the analysis of data in studies of teaching behaviour.

4 the standardized partial regression weight of ¥ on X obtained from the regression equation in which
the predictor variable X and the prior performance varisble W are both included in the regression

equation with Y as the criterion variable - bYX W

these four procedures may glve substantially different estimates of the relatlonship bétween the
predictor variable ¥ and the criterion variable Y. The resolution of the problem concerned with which
procedure is appropriate is determined by consideration of the causal relationéhips linking the prior
performance variable W, and both the predictor variable ¥ and the criteriom variable Y. 1f it céﬁ be
argued that the prior performance variable W exerts anm influence on the predictor variable X, givén that it
ts known that the pricr performance variable W has an effect on the criterion variable Y, then procedurg 4
is most appropriate. Clearly procedure 2 is ynsuitable in that no account is taken of the influence of
prior performance on the criterion when looking at the association between the criterion and predictor.
In a naturalistic study, where there has been no random assignment to a treatmeat group of either
tndividual students ox intack classrooms of students, it is very difficult to argue that prior performam&é
.does not influence the characteristics of the teacher assigned to teach a classro§m group or indeed the
behavipur of the teacher and the students within the classroom group. 1f either from & knowledge of the
manner in which schoels functien, or from evidence of a relationship between the prior performance
variable (W) and the rreatment or predictor variable (X), it can be claimed that prior performance has
influenced the treatment, then the use of procedure 3 must be argued to be inappropriate. Altheugh both
procedures 1 and 4 partial out the effect of prior performance W from both predictor and criterionm,
regression analysis is preferable in that it requires fewer assumptions and provides more readily under%
stood results. Using beta coefficients, it is possible to estimate the change in criterion score which is -

related to a standard unit variation in predictor.

In all probability the commenly occurving situation is that in which the pricr performance variable
(), 1s antecedent to both the predictor variable (¥) and the criterion variable {Y), exerts an influence

on both, This situation is depicted in Figure 1.
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Figure 1 Causal Relatjomehips.hepwesn:Prior ?erformance, the Predictor and the Criterion in Teacher

and Classroom St“dlEEw”_ww -

To demonsfrate the dtfferen 4ﬂ.finﬂ1noﬁ tha&«wil& cccur 1f the reiatlonshlps between pretest and

treatment are ignoved, some data Eaken from a study reporteé by Keeves (l971) were submitted to twe types
of analysis, The first analysis aimed at determlning the relatiqnship between the treatment and the
eriterion test adjusted for pretest (Method 3 above). The second ahalysis was a calculation of the

relationship between the treatment and criterion performance after the effects of the prior performance

had been removed from bnth: The amounts of var&m&ee #iplained by these alternative methéds are listed for

e

4 small selactlon of varlab%es n Table 1. TFor these analyses classes have been used aS‘the units of

analysis.

Table 1 Comparison of ANCOVAR and Regression Analysts-

..ANCOVAR o ‘_ Reéression Analysis
Variable _ _ rX(Y.‘Q’) % vafiance . bYX.W . % variance
Students Listen . 0.22 ‘ 4.97 0.07 0.43
Students Write | ‘ -0.21 4.39 o =0.07 0,40
Number af Science Periods ~0.23 5.07 ~0.07 0.54
Teacher Praise 0.22 5.00 0.07 . 0.42
Teacher Support - 0.35 11.90 0.10 1.04

It is interestiag te note that despite the logic af the claim that a student's prior performance would
relate ta the teacher's treatment of him or her, recently reported studies fm the field of teacher
effectiveneas are still utilizing analysis of covariance techniques or their gquivalent (Ebmeir and Good,
1379). The figures presented in Table 2 indicate that the explanatory power of the independent variable
in a regressien analysis was apprﬁximately one tenth of its power in the ANCOVAR if variances are being

compared and a third of its power if variation measyres are being compared.

Neverthless the selection of an appropriate linear model for use in the investigation of the effects
of teachers and classroom environmental processes on educational outcomes does not resolve the queation of
how best to present the Findings. The use of the standardized regression coefficient or, where meaningful ,

the unstandardized regression coefficilent, is to be recommended (see Coleman, 1973). The latter has
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greater power in generalization from one study to the next (see Blalock, 1964). The standardizaed
coefficients will, however, tend to be widely used in educarional research because of the arbitrary naﬁure_
of the.scales on which most variables are measured. Problems arise in situations where there is a high
degree of multi-collipearity between the variables since this gives rise to values for unstandardized
regression coefficients that are unstable (Cooley and Lo%nes, 1976). 4s a comsequence, ﬁrocedurés have -
been evolved for the clustering of correlated variables te form composites, in order to avoid the dangeru
ef including in a regression analysis both too many variables in relation to the number.of cases for which

data were ebtained, and of multi-cellinearity between the predictor variables (Keevas, 1974).

Level of Analysis

The question of determining the apprepriate level and units of analysis can only be reéa&veduas a
cdnseqaence cf factors of design, namely the sampling procedures employed and the mapner in which the
treatment or learning conditions operate, There are, however, other aspects relevant to determining. the

appropriate level and units of analysis that are dependent on the research questions being investigatad.

1t is commoh beth in naturalistic and experimental studies‘in educaﬁiqnaz researcﬁ ko selact from a-
population of schools or classrooms a samplé for study.‘ It is also'cohmoﬁ'to érocéed to arsecond étége'of
sampling and to select students from within schools or classfoomé for testing 6f égservatiﬁn. 'Howéver, it
is important to note that the students selected at the sacond stage are not statistically independent of'
one another and although they Eave had an equal probability of selectieon they do not form a simple rapdom
sample for the purposes of analysis. Conseguently in the aﬁaiygislbg the data it wdﬁlé'be essential to
consider first the primary sampling units of schools or glassrooms and then co_consider studeﬁts nested'
within them. Sdmetim@s; if schools are the primary sémpling units, it will be appropriate to comsider

classrooms nested within. schools,

Similar issues arise witﬁ respect to the treatment or learning conditlons. Where these have been
administersd to intact groups of students or to cipsters of students within a group, ;he studenté_cégﬁot
be conéidered to be independent units in the analysis of the data. Consequently, once again it wgulélbe
essential to consider first the primary treatmént anits of classrooms and then to consider studen;s nested

.

within classrooms in the examination of the data.

In spite of the publication of a warning by Thorndilke (1939) on the dangers of coﬁsidering that the
correlaﬁions found for groups épplied to the individuals and the paper by Rebiﬁsan (1950) on wbat:has come
te be knoyn as the 'ecological faiiacy‘, there has been little genéral awareness in.educational research of
the i%sués associated with the interpretation of relaﬁionships arising from different levels of analyses,
The probleﬁ is essentially one of determining the subétahtive questions to.bé examineﬂ, as well as one of
making appropriate-inferences about a populatlon using evidénce from a speéific sample.' Congequently, it
wmugt be recognized that ﬁhe éampling procedures and the manner in which the treatmenté orliearﬁing
conditions are appligd influence the ways in which the data can be analyéed. it is evidenﬁ that certain
substantive questions cannot be answered if the samplas have‘been drawn and the'treatmenté aéplied in

inapbropriate ways,
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The Student as a Unit of Analysis

The wost common technique for the analysis of classroom data is the use of the student as tbye unit of
analysié without reference to the classroom. To handle an anzlysis of this type, each student in & class
is given the score attributed to the classroom in which he is working, that is, the classroom and teacher
scores are dis-agpregated.” The analysis then proceeds as if all scores are propertics of the student. The
variables in Table Zare four of the 144 teacher, studeat and classroom variables for which data werc
gathered in 1969 and veported by Keaves {(1971). The [irst two measurcs are classroom observations, and
indicate the frequency with which teachers were seen to make a work related contact with the student orv
wera seen to deliberately rebuke or punish a student. The third and last variabies; Like Science and
Expected Education, which were taken from students' responses to questionnaires, indicate the students'
liking of science as assessed by a 10 item Likert scale and their expected education coded on a six-point
scale. Table 2 records the raw correlation between each of the four independent variables and achievement
in science. It also records the beta coefficient obtained when achievement isg regressed o each of the
predictor variables and prior achievement. This coefficient indicates the depree of rvelationship between
the independent variables aﬁd sclence achievement that is independent of the students' level of achievement

at the beginning of the year.

Tor the purpose of exemplifying the process of interpretation only two variables will be censidered.
Tt can be infarred frow the zero order correlation coefficients recorded in Table 2 that, in the rtotal
sample of 1286 students, the achievewrent In science of individual students is substantially negatively
related to the level of teacher rebuke in thé classroom., In contrast studonts’ self reported attitude

towards sclience is related to the outcome.

Table 2 Relationships between Classroom Variables and Science Achievement

Betveen Between Between Betwaen Between
Student Classroom Student School Classroom
(N=1984) (N=72) within (N:<15) within
Classroom Schionl
(N=1984) : (N=T72}
r B r g r B r d Y 8
Teacher -student -0.27 ~0.11  ~0.51 -0.05 - =~ -0.48 -0.19 -0.39  0.09
Work Contacts _
Teacher Rebuke ~3.22 ~0.08 -D.41 0.00 - - -0.22 -~0.05 -0.57 0.11
Tike Science 0.49  0.19 0.49 0.06 0.31  0.18 0.42 0.07 0.64 0.26
Hxpected Bducation 0.50  0.22 0.91  06.25 0.29  0.15 0.80 0.12 ©¢.78 0.30

The first of the findings may indicate that individual students, taught by teachers who spend more
time rebuking, are less able. Alternatively, students who are less able may, in general, be more likely to
caupse their teacher to rebuke them. The second finding fndicates that the students who most like science

. are also the more able,

The heta coefficients in Table 2 indicate the extent of the relationship between each of the class—

room variables and sclence achievement, after any relationship between prior science achievement has been
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partialled cut. These beta coefficients allow consideration of the effect of the classroom variables on
the student's scievnce achievement after any explanatory effect of initial achievement has been removed.

The small negative beta cecefficient in Table 2 for teacher rebuke indicates that individual students taught
by teachers whe rebuke more have little influence on the achievement ip science of their students beyond
that predicted by prior performance. In contrast the coefficient for Like Science indicates that students
who most like science are more likely to be higher achievers, regardless of their level of prior

performance.

The Class as a Unit of Analysis

The next level of analysis of interest is the classroom. For analyses at this lewvel, class mean scores are
caiculated for any variable for which students obtain individual scores and are included in an analysis
with a reduced number of units, together with the classroom variables. The finding of these analyses are

aiso recorded in Table 2,

The correlations suggest that firstly, classes which have the most rebuking teachers are more likeély
to contain, on the average, students of lesser ability in science. In contrast, the class aveyage liking

of science is positively assoclated with the average achievement of a class.

The beta coefficients indicate that neither the level of teacher rebuke, nor the class average liking

of science 18 associated with sclence achievement after any explanatory influence of clags average prior
achievement in science has been comtrolled. This appears to suggest that these independent variables do not

have recognizable effects on the average sclence achievement of the class.

‘Students within Classrooms

A third level of analysis invelves consldering the performance of‘students relative to their class average,
as a function of the independent variables. To conduct this analysis, the class mean scores are calculated
for all measures on which students obtain individual scores. The mean is then subtracted from each
student's score resulting in a 'deviation from the mean' score. By regressing the deviation score for
sclence achievement against the deviation score for prior science achievement and when applicable, the
deviation scorz for independent variables it is possible to control for school effects associated with mean
performance and investigate the effects of student behaviour which is unrelated to the type of school. The

results of these types of analyses ave recorded in Table 2.

The results reflect the fact that the 'students nested within classes' design appears appropriate for
some analyses and inappropriate fer others. The nested design is not appropriate when independent -

variables are cliass defined, that is, scores are allotted to classes and not students.

Consider the significant positive first order correlation found between students' deviatlon scores for
attitude towards science and the deviation scores for science achievement. This means that, within class,
there is a substantial tendency for students who have more favourable attitudes than average to score
better than average in sclence. However the beta of 0,06 can be interpreted as indicating that, in general,
students who 4are one standard deviation above the class average in their scores on level of attitude obtain
scoras of only 0.76 stundard deviations above the mean score in science achievement above that which would

have been predicted by the level of prioxr achievement.







